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(57) ABSTRACT

The present disclosure relates generally to equipment and
procedures in the field of surgery and/or diagnostics and,
more particularly, to instruments, assemblies and methods for
undertaking surgical and/or diagnostic procedures that
involve and/or are in proximity to the brain (e.g., cranial
procedures and/or surgery). The disclosed assemblies gener-
ally include a handle member and an elongated probe that
includes an ultrasound transducer. The assemblies may be
used in conjunction with K-wires/guidewires, tubular mem-
bers (e.g., EVD catheters and/or ventricular drains), endo-
scopes/cameras, and accessory items such as curettes, probes,
knives, suction devices, scissors, cautery units, forceps,
grasping devices and the like. Advantageous medical diag-
nostic and surgical instruments, assemblies and methods are
provided for use during a broad variety of clinical applica-
tions and procedures (e.g., procedures within the cranium
and/or in connection with or in proximity to the brain, spinal
surgical procedures, orthopedic applications, minimally inva-
sive surgical procedures, efc.).
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ULTRASOUND AND DETACHABLE
INSTRUMENT FOR PROCEDURES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to and is a continu-
ation-in-part of co-pending U.S. patent application Ser. No.
13/087,648 (entitled “ULTRASOUND FOR SURGICAL
CRANIAL APPLICATIONS”) filed Apr. 15, 2011, which
claims priority to Provisional App. Ser. No. 61/324,845 filed
Apr. 16, 2010, both of which are hereby incorporated by
reference in their entireties.

FIELD OF THE DISCLOSURE

[0002] The present disclosure relates generally to equip-
ment and procedures in the field of surgery and/or diagnostics
and, more particularly, to instruments, assemblies and meth-
ods for undertaking surgical and/or diagnostic procedures
that involve and/or are in proximity to the brain (e.g., cranial
applications).

BACKGROUND OF THE DISCLOSURE

[0003] Recent developments in the use of ultrasound tech-
nology in surgical applications have shown promise. With the
increasing miniaturization of electronics generally has come
the ability to position ultrasound transducers to beneficial
effect in increasingly smaller and, at least up until recently,
harder to reach anatomical locations.

[0004] In general, surgical and diagnostic procedures (e.g.,
procedures that are in proximity to the brain, spinal surgical
procedures, minimally invasive surgical procedures, etc.)
require significant care to minimize the risk of inadvertent
damage/injury to surrounding anatomical structures.

[0005] For example, in pituitary surgical procedures, it is
important to minimize the risk of injury to surrounding ana-
tomical structures (e.g., the cavernous sinus contents). Surgi-
cal experience is valuable in reducing the risk of inadvertent
injury. In addition, visualization techniques that employ
microscopic, endoscopic and/or neuro-navigational equip-
ment have been used to reduce injury risk.

[0006] However, despite prior efforts to reduce injury risk
in such surgical/diagnostic procedures, a need remains for
improved instruments, assemblies and methods that facilitate
desired surgical and/or diagnostic objectives, while minimiz-
ing the risk of injury to surrounding structures. In addition, a
need remains for instruments, assemblies and methods that
fulfill the noted objectives through designs and techniques
that are easily understood and implemented by surgical per-
sonnel.

[0007] These and other needs are satisfied by the instru-
ments, assemblies and methods disclosed herein, as will be
apparent from the detailed description which follows, par-
ticularly when read in conjunction with the figures appended
hereto.

SUMMARY OF THE DISCLOSURE

[0008] According to the present disclosure, advantageous
instruments, assemblies and methods are provided for under-
taking surgical and/or diagnostic procedures (e.g., cranial
procedures/applications that are in proximity to the brain,
spinal surgical procedures, orthopedic applications, mini-
mally invasive surgical procedures, etc.).
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[0009] In an exemplary embodiment, the disclosed instru-
ment, assembly and method generally includes a handle
member that defines a guide wire channel and an elongated
probe that is adapted to mount with respect to (or otherwise
cooperate with) the handle member. The elongated probe
includes an ultrasound transducer positioned at or near a
distal end thereof. In some embodiments, the ultrasound
transducer is directed in a perpendicular or substantially per-
pendicular orientation relative to the axis of the elongated
probe, such that non-axial ultrasound imaging is facilitated.
In alternative implementations, the ultrasound transducer is
directed in an axial or substantially axial orientation relative
to the axis of the elongated probe. The handle member of the
disclosed instruments/assemblies generally cooperates with
conventional cabling for communication to and with the elon-
gated probe and, in particular, the distally-positioned ultra-
sound transducer.

[0010] In use, the handle member of the disclosed instru-
ment/assembly is adapted to receive a K-wire (or other
guidewire) through the guide channel defined therein. The
K-wire/guidewire may take various forms and exhibit various
characteristics. For example, the K-wire/guidewire may be
substantially rigid or flexible and may include a sharp or blunt
end. In addition, exemplary implementations of the present
disclosure may include a K-wire/guidewire that is threaded,
in whole or in part. The K-wire/guidewire generally extends
axially alongside the elongated probe such that its distal end
may be positioned in close proximity to the region under
ultrasound imaging. Thus, in exemplary embodiments, the
handle is configured and dimensioned such that a stepped
geometry is defined. The guide channel is formed in the
outwardly stepped region of the handle, such that a K-wire
that passes through the guide channel can easily run alongside
the elongated probe in a substantially linear fashion.

[0011] The eclongated probe with associated K-wire/
guidewire may be advantageously introduced to a desired
anatomical region (e.g., into the cranium of a patient) with
real-time ultrasound imaging of anatomical structures adja-
cent thereto. In this way, potential injuries associated with
inadvertent contact of the K-wire/guidewire with adjacent
anatomical structures/features may be avoided. Once the dis-
tal end of the K-wire/guidewire is positioned in a desired
location/region, the elongated probe may be withdrawn while
leaving the K-wire/guidewire in place. Thereafter, additional
instrumentation and/or assemblies may be introduced to the
anatomical location/region using the K-wire/guidewire as a
guide (e.g., an external ventricular drain (EVD) catheter or
ventricular drain to relieve intracranial pressure and hydro-
cephalus).

[0012] In another exemplary embodiment, the disclosed
instrument, assembly and method generally includes ahandle
member and an elongated probe that is adapted to mount with
respect to (or otherwise cooperate with) the handle member.
The elongated probe includes an ultrasound transducer posi-
tioned at or near a distal end thereof. The ultrasound trans-
ducer is typically directed in either a perpendicular or sub-
stantially perpendicular orientation relative to the axis of the
elongated probe, such that non-axial ultrasound imaging is
facilitated, or inaxial (or substantial axial) alignment with the
elongated probe, such that axially-directed ultrasound imag-
ing is facilitated. The handle member of the disclosed instru-
ments/systems generally cooperates with conventional
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cabling for communication to and with the elongated probe
and, in particular, the distally-positioned ultrasound trans-
ducer.

[0013] In use, the elongated probe of the disclosed instru-
ment/assembly is adapted to receive a tubular member (e.g.,
an EVD catheter or a ventricular drain) therearound for deliv-
ery thereof to a desired anatomical region/location. The tubu-
lar member extends axially alongside the elongated probe and
is configured and dimensioned so as to permit unobstructed
ultrasound imaging. Thus, in exemplary embodiments, the
tubular member includes an opening, channel, window or
other structural feature that permits unobstructed ultrasound
imaging from the ultrasound transducer, whether such ultra-
sound imaging is directed axially, transversely or at some
other orientation relative to the elongated probe/member. In
alternative implementations, the distal end of the tubular
member is positioned proximal of the ultrasound transducer,
thereby permitting unobstructed ultrasound imaging from the
elongated probe ina desired axial/angular direction. Thus, the
tubular member (e.g., EVD catheter/ventricular drain or other
tubular/catheter structure) may be introduced to a desired
anatomical region/location while ultrasound imaging ensures
that injury to adjacent anatomical structures/features is
avoided.

[0014] Accordingly, the elongated probe with associated
tubular member may be advantageously introduced to a
desired anatomical region (e.g., into the cranium of a patient)
with real-time ultrasound imaging of anatomical structures
adjacent thereto. In this way, potential injuries associated
with inadvertent contact of the tubular member with adjacent
anatomical structures/features may be avoided. Once the dis-
tal end of the tubular member reaches a desired location/
region, the elongated probe may be withdrawn while leaving
the tubular member in place (e.g., to relieve intracranial pres-
sure and hydrocephalus).

[0015] In a further exemplary embodiment, the disclosed
instrument, assembly and method generally includes a handle
member and an elongated probe that is adapted to mount with
respect to (or otherwise cooperate with) the handle member.
The elongated probe includes an ultrasound transducer posi-
tioned at or near a distal end thereof. The ultrasound trans-
ducer is typically directed in a perpendicular or substantially
perpendicular orientation, or in an axial or substantially axial
direction, relative to the axis of the elongated probe. The
handle member of the disclosed instruments/assemblies gen-
erally cooperates with conventional cabling for communica-
tion to and with the elongated probe and, in particular, the
distally-positioned ultrasound transducer. In use, the elon-
gated probe of the disclosed instrument/assembly may be
introduced to a desired anatomical region/location and the
associated ultrasound imaging may be used to evaluate blood
flow and/or flow velocities (e.g., during cranial aneurysm
procedures/surgery, vascular procedures/surgery, intra-cra-
nial procedures/surgery, extra-cranial procedures/surgery,
bypass procedures/surgery, tumor-related procedures/sur-
gery, and the like).

[0016] In another exemplary embodiment, the disclosed
instrument, assembly and method generally includes a handle
member and an elongated probe that is adapted to mount with
respect to (or otherwise cooperate with) the handle member.
The elongated probe includes an ultrasound transducer posi-
tioned at or near a distal end thereof. The ultrasound trans-
ducer is typically directed in a perpendicular or substantially
perpendicular orientation, or in an axial or substantially axial
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orientation, relative to the axis of the elongated probe. The
elongated probe further includes one or more integrated and/
or modular accessory items positioned at or near and extend-
ing from a distal end thereof. The integrated/modular items
that may be associated with the disclosed elongated probe
include, without limitation, such items as a curette, a probe, a
knife, a suction device, a scissor, a cautery unit, forceps, a
grasping device and the like. Thus, for example, a curette may
be provided that generally defines a tissue cutting element
which can be used, for example, to resect tissue (e.g., a
tumor). The operation and use of other integrated/modular
items are known and understood by persons skilled in the art
and are not discussed/described further herein. The handle
member of the disclosed instruments/assemblies generally
cooperates with conventional cabling for communication to
and with the elongated probe and, in particular, the distally-
positioned ultrasound transducer.

[0017] Inuse, the elongated probe may be advantageously
introduced to a desired anatomical region with real-time
ultrasound imaging (e.g., to localize the pituitary gland and
surrounding structures). The elongated probe may include
one or more integrated/modular items for use in the diagnos-
tic/surgical procedure. Thus, for example, a curette with a
tissue cutting element may be used to resect tissue (e.g., to
remove pituitary tumors while observing the extent of resec-
tion through ultrasound imaging). The disclosed device/as-
sembly may also be used to explore for residual tumor and
visualize cavernous sinus contents (e.g., using color and
power Doppler functionalities).

[0018] According to the present disclosure, it is further
contemplated that the disclosed instruments/assemblies may
be used in conjunction with an endoscope and/or endoscopic
camera, thereby permitting simultaneous ultrasound imaging
and conventional viewing. Thus, the elongated probe/mem-
ber may be adapted to cooperate with an endoscopic element
that transmits images for viewing by medical personnel,
thereby augmenting the ultrasound imaging delivered by the
ultrasound transducer associated with the elongated probe/
member. In addition, the disclosed elongated probe/member
may include one or more fiducials (e.g., flats or notches) or
other antennae that may allow for the handle member and/or
elongated probe/member to be monitored/viewed by conven-
tional neuro-navigation systems. In this way, the disclosed
devices/assemblies may be advantageously integrated into
intra-operative navigation systems, such as brain lab or
stealth systems, so that the disclosed device/assembly may
serve as a pointer for intra-operative navigation systems while
also giving real-time feedback using ultrasound, which
optionally may be merged with pre-operative MRI or CT
scans.

[0019] The present disclosure provides for an ultrasound
assembly including an elongated probe extending from a
proximal end to a distal end, the proximal end extending from
and mounted with respect to a handle member, the elongated
probe supporting an ultrasound transducer configured to
obtain ultrasound images to determine a location of the elon-
gated probe relative to surrounding anatomical structures or
features, the ultrasound transducer including an array of ultra-
sonic energy generation elements; and a detachable surgical
device positioned proximal to and detachably mounted to an
outer periphery of the distal end of the elongated probe, the
detachable surgical device including a housing section and a
protruding section with the housing section having a first
window member configured to align with and expose the
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ultrasound transducer; wherein the elongated probe, ultra-
sound transducer and detachable surgical device are coopera-
tively configured, oriented and dimensioned to allow an
operator to insert the detachable surgical device and the distal
end of the elongated probe into a desired anatomical location
to permit the operator to: (i) perform thereat a surgical pro-
cedure of the desired anatomical location by utilizing the
detachable surgical device mounted to the outer periphery of
the distal end of the elongated probe, and (ii) obtain ultra-
sound imaging of the desired anatomical location via the
exposed ultrasound transducer.

[0020] The present disclosure also provides for an ultra-
sound assembly wherein the protruding section extends from
the housing section and includes a curette member having a
tissue cutting element. The present disclosure also provides
for an ultrasound assembly wherein the protruding section
extends from the housing section; and wherein the protruding
section includes an instrument selected from a group consist-
ing of a curette, a probe, a knife, a suction device, a scissor, a
cautery unit, forceps and a grasping device.

[0021] The present disclosure also provides for an ultra-
sound assembly wherein the housing section of the detach-
able surgical device is hollow and substantially cylindrical,
and defines a lumen within the housing section. The present
disclosure also provides for an ultrasound assembly wherein
the lumen is configured and dimensioned to house the outer
periphery of the distal end of the elongated probe.

[0022] The present disclosure also provides for an ultra-
sound assembly wherein the housing section further includes
a second window member configured to align with and
expose the ultrasound transducer. The present disclosure also
provides for an ultrasound assembly wherein the first and
second window members are spaced equidistantly apart from
one another on the housing section. The present disclosure
also provides for an ultrasound assembly wherein after the
detachable surgical device is detachably mounted to the distal
end of the elongated probe so that first window member is
positioned above the ultrasound transducer for substantially
unobstructed ultrasound imaging through the first window
member, a user can then circumferentially rotate the detach-
able surgical device around the probe until the second win-
dow member is positioned above the ultrasound transducer
for substantially unobstructed ultrasound imaging through
the second window member.

[0023] The present disclosure also provides for an ultra-
sound assembly wherein a distal end of the housing section
includes a distal annular section, and a proximal end of the
housing section includes a proximal annular section; and
wherein the distal and proximal annular sections are config-
ured and dimensioned to surround and house the outer periph-
ery of the distal end of the elongated probe.

[0024] The present disclosure also provides for an ultra-
sound assembly wherein a distal end of the housing section
includes an abutment surface that is configured and dimen-
sioned to abut against the distal end of the elongated probe.
The present disclosure also provides for an ultrasound assem-
bly wherein the protruding section of the detachable surgical
device extends from a distal end of the housing section.
[0025] The present disclosure also provides for an ultra-
sound assembly wherein the handle member defines a guide
channel that is sized and configured for receipt of a K-wire or
guidewire; and wherein the guide channel is sized and con-
figured to permit the K-wire or guidewire to run alongside the
elongated probe. The present disclosure also provides for an
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ultrasound assembly further including at least one hollow
receiver member mounted with respect to the elongated
probe; wherein the at least one hollow receiver member is
configured and dimensioned to receive a K-wire or guidewire.
The present disclosure also provides for an ultrasound assem-
bly wherein the at least one hollow receiver member includes
a first hollow receiver member and a second hollow receiver
member mounted with respect to the elongated probe, each
hollow receiver member configured and dimensioned to
receive the K-wire or guidewire; and wherein the first hollow
receiver member is mounted with respect to adistal portion of
the elongated probe and the second hollow receiver member
is mounted with respect to a proximal end of the elongated
probe. The present disclosure also provides for an ultrasound
assembly wherein the at least one hollow receiver member
extends from a distal portion of the elongated probe to a
proximal end of the elongated probe.

[0026] The present disclosure also provides for an ultra-
sound assembly including an elongated probe extending from
a proximal end to a distal end, the proximal end extending
from and mounted with respect to a handle member, the
elongated probe supporting an ultrasound transducer config-
ured to obtain ultrasound images to determine a location of
the elongated probe relative to surrounding anatomical struc-
tures or features, the ultrasound transducer including an array
of ultrasonic energy generation elements; and a detachable
surgical device positioned proximal to and detachably
mounted to an outer periphery of the distal end of the elon-
gated probe, the detachable surgical device including a hous-
ing section and a protruding section with the housing section
having: (i) a first window member configured to align with
and expose the ultrasound transducer when the detachable
surgical device is in a first mounted position relative to the
elongated probe, and (ii) a second window member config-
ured to align with and expose the ultrasound transducer when
the detachable surgical device is in a second mounted position
relative to the elongated probe; wherein the elongated probe,
ultrasound transducer and detachable surgical device are
cooperatively configured, oriented and dimensioned to allow
an operator to insert the detachable surgical device and the
distal end of the elongated probe into a desired anatomical
location to permit the operator to: (i) perform thereat a surgi-
cal procedure of the desired anatomical location by utilizing
the detachable surgical device mounted to the outer periphery
of the distal end of the elongated probe, and (ii) obtain ultra-
sound imaging of the desired anatomical location via the
exposed ultrasound transducer when the detachable surgical
device is in the first or second mounted position relative to the
elongated probe.

[0027] The present disclosure also provides for an ultra-
sound assembly wherein the protruding section extends from
a distal end of the housing section and includes a curette
member having a tissue cutting element. The present disclo-
sure also provides for an ultrasound assembly wherein the
housing section of the detachable surgical device is hollow
and substantially cylindrical, and defines a lumen within the
housing section; and wherein the lumen is configured and
dimensioned to house the outer periphery of the distal end of
the elongated probe.

[0028] The present disclosure also provides for an ultra-
sound assembly wherein the distal end of the housing section
includes a distal annular section, and a proximal end of the
housing section includes a proximal annular section; wherein
the distal and proximal annular sections are configured and
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dimensioned to surround and house the outer periphery of the
distal end of the elongated probe; and wherein the distal end
of the housing section includes an abutment surface that is
configured and dimensioned to abut against the distal end of
the elongated probe.

[0029] The present disclosure also provides for a method
for performing a procedure, including providing an elongated
probe extending from a proximal end to a distal end, the
elongated probe supporting an ultrasound transducer; detach-
ably mounting a surgical device to an outer petiphery of the
distal end of the elongated probe, the detachably mounted
surgical device including a housing section and a protruding
section with the housing section having a window member
configured to align with and expose the ultrasound trans-
ducer; introducing and inserting the elongated probe, the
exposed ultrasound transducer, and the detachably mounted
surgical device to a desired anatomical location while obtain-
ing ultrasound images, via the exposed ultrasound transducer,
foruse in assessing the position of the elongated probe and the
detachably mounted surgical device relative to surrounding
anatomical structures; performing a surgical procedure of the
desired anatomical location by utilizing the detachably
mounted surgical device; and obtaining ultrasound imaging,
viathe exposed ultrasound transducer, of the desired anatomi-
cal location for the surgical procedure.

[0030] Any combination or permutation of embodiments is
envisioned. Additional advantageous features, functions and
applications of the disclosed assemblies, systems and meth-
ods of the present disclosure will be apparent from the
description which follows, particularly when read in conjunc-
tion with the appended figures. For example, the disclosed
devices, assemblies and methods may be used in conjunction
with conventional technologies (e.g., microscopic and/or
endoscopic visualization) to further enhance clinical efficacy.
All references listed in this disclosure are hereby incorpo-
rated by reference in their entireties.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] Features and aspects of embodiments are described
below with reference to the accompanying drawings, in
which elements are not necessarily depicted to scale.

[0032] Exemplary embodiments of the present disclosure
are further described with reference to the appended figures.
It is to be noted that the various features, steps and combina-
tions of features/steps described below and illustrated in the
figures can be arranged and organized differently to result in
embodiments which are still within the scope of the present
disclosure. To assist those of ordinary skill in the art in mak-
ing and using the disclosed systems, assemblies and methods,
reference is made to the appended figures, wherein:

[0033] FIG. 1 is a side view of an exemplary ultrasound
assembly in cooperation with a K-wire/guidewire according
to the present disclosure;

[0034] FIG. 2 is a schematic depiction of the exemplary
assembly of FIG. 1 showing guidance to a desired anatomical
location/region;

[0035] FIG. 3 is a further schematic depiction in which the
exemplary ultrasound assembly of the present disclosure has
been withdrawn from the anatomical location/region, and the
K-wire/guidewire is used to guide an EVD catheter/ventricu-
lar drain to such anatomical location/region;
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[0036] FIG. 4 is a further schematic depiction in which, as
compared to the schematic depiction of FIG. 3, the K-wire/
guidewire has now been withdrawn leaving the EVD catheter/
ventricular drain in position;

[0037] FIG. 5 is a side view of an alternative exemplary
ultrasound assembly in cooperation with an EVD catheter/
ventricular drain (shown in phantom) according to the present
disclosure;

[0038] FIG. 6 is a schematic depiction of the exemplary
assembly of F1G. 5 showing the assembly with EVD catheter/
ventricular drain (shown in phantom) prior to anatomical
introduction;

[0039] FIG. 7 is a further schematic depiction in which the
exemplary assembly ofthe present disclosure is introduced to
a desired the anatomical location/region with the EVD cath-
eter/ventricular drain (shown in phantom) guided to such
anatomical location/region thereupon;

[0040] FIG. 8is a further schematic depiction in which, as
compared to the schematic depiction of FIG. 7, the elongated
probe is being withdrawn leaving the EVD catheter/ventricu-
lar drain in position;

[0041] FIG. 9is a further schematic depiction in which, as
compared to the schematic depiction of FIG. 8, the elongated
probe is fully withdrawn and the EVD catheter/ventricular
drain remains in position;

[0042] FIG. 10 is a side view of a still further alternative
exemplary ultrasound assembly according to the present dis-
closure;

[0043] FIG. 11 is a schematic depiction of the exemplary
assembly of FIG. 10 showing the assembly positioned at a
desired anatomical region/location;

[0044] FIG. 12 is a side view of an additional alternative
exemplary ultrasound assembly according to the present dis-
closure;

[0045] FIG. 13 is a partial view of an exemplary curette that
may be associated with the assembly of FIG. 12;

[0046] FIG. 14 is a schematic depiction of the exemplary
assembly of FIG. 12 showing the assembly positioned at a
desired anatomical region/location;

[0047] FIG. 15 is a side elevational view of an exemplary
embodiment of an ultrasound assembly similar to the assem-
bly of F1G. 1 in accordance with the present disclosure foruse
in conjunction with K-wires/guidewires (that may be intro-
duced through alternative channels);

[0048] FIG. 16 is a side elevational view of another exem-
plary embodiment of an ultrasound assembly in accordance
with the present disclosure for use in conjunction with a
K-wire/guidewire;

[0049] FIG. 17 is a side perspective view of another exem-
plary embodiment of an assembly in accordance with the
present disclosure for use in conjunction with a K-wire/
guidewire;

[0050] FIGS. 17A and 17B are side elevational views of
alternative elongated probes having at least one hollow
receiver member mounted thereto for use with an assembly
similar to the assembly of FIG. 17,

[0051] FIG. 18 is a side perspective view of an exemplary
detachable device configured to mount with respect to various
elongated probes and/or ultrasound assemblies;

[0052] FIG. 19 is a top view of the device of FIG. 18,
[0053] FIG. 20 is a cross-sectional view of the device of
FIG. 19 taken along the line C-C;

[0054] FIG. 21 is a left-side view of the device of FIG. 18;
[0055] FIG. 22 is aright-side view of the device of F1G. 18;
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[0056] FIG. 23 is a partial top left-side perspective view of
the device of FIG. 18;

[0057] FIG. 24 is a side perspective view of another exem-
plary detachable device configured to mount with respect to
various elongated probes and/or ultrasound assemblies;
[0058] FIG. 25 is a top view of the device of FIG. 24;
[0059] FIG. 26 is a cross-sectional view of the device of
FIG. 25 taken along the line C-C;

[0060] FIG. 27 is a left-side view of the device of FIG. 24,
[0061] FIG. 28 is aright-side view of the device of F1G. 24;
[0062] FIG. 29 is another side perspective view of the

device of FIG. 18;

[0063] FIG. 30 is a side perspective view of another exem-
plary detachable device configured to mount with respect to
various elongated probes and/or ultrasound assemblies; and
[0064] FIG. 31 is a partial top perspective view of the
device of FIG. 30, the device detachably mounted with
respect to an elongated probe of an ultrasound assembly.

DETAILED DESCRIPTION OF DISCLOSURE

[0065] The exemplary embodiments disclosed herein are
illustrative of advantageous ultrasound assemblies, and sys-
tems of the present disclosure and methods/techniques
thereof. It should be understood, however, that the disclosed
embodiments are merely exemplary of the present disclosure,
which may be embodied in various forms. Therefore, details
disclosed herein with reference to exemplary ultrasound
assemblies/fabrication methods and associated processes/
techniques of assembly and use are not to be interpreted as
limiting, but merely as the basis for teaching one skilled in the
art how to make and use the advantageous ultrasound assem-
blies/systems and/or alternative ultrasound assemblies of the
present disclosure.

[0066] Inaccordance with embodiments of the present dis-
closure, advantageous medical diagnostic and surgical instru-
ments, assemblies and methods are provided for use during a
broad variety of clinical applications and procedures (e.g.,
procedures within the cranium and/or in connection with
and/or in proximity to the brain, spinal surgical procedures,
orthopedic applications, minimally invasive surgical proce-
dures, etc.).

[0067] Referring now to the drawings, like parts are marked
throughout the specification and drawings with the same ref-
erence numerals, respectively. Drawing figures are not nec-
essarily to scale and in certain views, parts may have been
exaggerated for purposes of clarity.

[0068] Referring now to FIGS. 1-4, an exemplary ultra-
sound assembly 100 generally includes a handle member 102
that defines guide wire channel 104 and an elongated probe
106 that is adapted to mount with respect to (or otherwise
cooperate with) the handle member 102. In exemplary
embodiments of the present disclosure, the elongated probe
106 may be detachably mounted with respect to handle mem-
ber 102, e.g., by way of a bayonet locking mechanism, in
junction region 108. Appropriate electrical connections are
generally made in the junction region 108 to facilitate elec-
tronic communications between the handle member 102 (and
accessory componentry/power source) and the elongated
probe 106 (and associated operative functionalities).

[0069] The elongated probe 106 includes an ultrasound
transducer 110 positioned at or near a distal end 112 thereof.
In the embodiment depicted in FIGS. 1-4, the ultrasound
transducer 110 is directed in a perpendicular or substantially
perpendicular orientation relative to the axis of the elongated
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probe 106, such that non-axial ultrasound imaging is facili-
tated. However, the disclosed device may alternatively be
provided with a ultrasound transducer that is positioned so as
to be axially or substantially axially oriented with respect to
the axis defined by elongated probe 106. The handle member
102 of the ultrasound assembly 100 generally cooperates with
conventional cabling 114 for communication to and with the
elongated probe 106 and, in particular, the distally-positioned
ultrasound transducer 110. In exemplary embodiments, the
ultrasound transducer 110 includes an array of ultrasonic
energy generation elements.

[0070] Inuse,the handle member 102 of ultrasound assem-
bly 100 is adapted to receive a K-wire/guidewire 150 (or other
elongated structure) through the guide channel 104 defined
therein. The K-wire/guidewire may take various forms and
exhibit various properties (e.g., it may be sharp/blunt, rigid/
flexible, threaded (in whole or in part), etc.). The K-wire/
guidewire 150 extends axially alongside the elongated probe
106 such that its distal end 152 may be positioned in close
proximity to the region 175 under ultrasound imaging. Thus,
in exemplary embodiments, the handle 102 is configured and
dimensioned such that a stepped geometry is defined in the
junction region 108. The guide channel 104 is formed in the
outwardly stepped region of the handle 102, such that a
K-wire/guidewire 150 that passes through the guide channel
104 can easily run alongside the elongated probe 106 in a
substantially linear fashion.

[0071] The elongated probe 106 with associated K-wire/
guidewire 150 may be advantageously introduced to a desired
anatomical region (e.g., into the cranium of a patient) with
real-time ultrasound imaging of anatomical structures adja-
cent thereto. In this way, potential injuries associated with
inadvertent contact of the K-wire/guidewire 150 with adja-
cent anatomical structures/features may be avoided. Once the
distal end 152 of the K-wire/guidewire 150 is positioned in a
desired location/region, the elongated probe 106 may be
withdrawn while leaving the K-wire/guidewire 150 in place.
Thereafter, additional instrumentation and/or assemblies
may be introduced to the anatomical location/region using the
K-wire/guidewire 150 as a guide (e.g., a tubular member 200
suich as an external ventricular drain (EVD) catheter/ventricu-
lar drain 200 to relieve intracranial pressure and/or hydro-
cephalus).

[0072] With reference to FIG. 15, an alternative ultrasound
assembly 1501A is shown. The assembly 1501A may be
structurally and functionally similar to the ultrasound assem-
bly 100 discussed above with reference to FIG. 1, with certain
additional features. In general, handle member 1505A of
ultrasound assembly 1501A defines first channel 1507A and
second channel 1508A. In general, the channels 1507A and
1508A are formed in the handle member 1505A and extend
therethrough. Both channels 1507A and 1508A are config-
ured and dimensioned to receive a K-wire/guidewire, e.g,,
K-wire 1509A and/or K-wire 1512A, to permit the ultrasound
assembly 1501A to be slidably mounted thereto for purposes
of guiding the assembly 1501 A to a desired anatomical region
(e.g., into the cranium of a patient) with real-time ultrasound
imaging of anatomical structures adjacent thereto. Once the
distal ends of the K-wires/guidewires 1509A and/or 1512A
are positioned in a desired location/region, the elongated
probe 1511A may be withdrawn while leaving K-wires/
guidewires 1509 A and/or 1512A inplace, as described above.
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In one embodiment, the operator/surgeon would be free to
select the channel 1507A and/or 1508A to be used for K-wire
introduction.

[0073] Turning now to FIG. 16, an ultrasound assembly
1601 in accordance with embodiments of the present disclo-
sure is shown. The ultrasound assembly 1601 may be struc-
turally and functionally similar to the ultrasound assembly
100 discussed above with reference to FIG. 1, with certain
additional features. A channel 1607 is configured and dimen-
sioned to receive a K-wire/guidewire 1609 to permit the ultra-
sound assembly 1601 to be slidably mounted thereto for
purposes of guiding the assembly 1601 and/or elongated
probe 1611 to a desired anatomical region (e.g., into the
cranium of a patient), the channel 1607 being formed in an
extension 1615 of the handle member 1605 and extending
past the handle member 1605.

[0074] With reference to FIG. 17, an ultrasound assembly
8001 in accordance with embodiments of the present disclo-
sure is shown. Ultrasound assembly 8001 may be structurally
and functionally similar to the ultrasound assembly 100 dis-
cussed above with reference to FIG. 1, with some differences.
In general, ultrasound assembly 8001 includes at least one
hollow receiver member 8017 mounted with respect to lon-
gitudinal shaft 8015 of elongated probe 8011. In general, the
at least one hollow receiver member 8017 is configured and
dimensioned to receive a K-wire or guidewire or the like (e.g.,
awiresimilar to K-wire 150 of FIG. 1) to permit the assembly
8001 to be slidably mounted thereto for purposes of guiding
assembly 8001 to a desired anatomical region (e.g., into the
cranium of a patient) with real-time ultrasound imaging of
anatomical structures adjacent thereto. Once the distal end of
the K-wire/guidewire (e.g., a wire similar to K-wire 150 of
FIG. 1) is positioned in a desired location/region, the elon-
gated probe 8011 may be withdrawn while leaving K-wire/
guidewire in place, as described above.

[0075] The elongated probe 8011 typically includes an
ultrasound transducer mounted to the longitudinal shaft 8015
proximate the distal end thereof, with the ultrasound trans-
ducer typically having an array of side-firing ultrasonic
energy generation elements extending along the longitudinal
shaft 8015 (similar to assembly 100 of FIG. 1 having ultra-
sound transducer 110). In one embodiment, the at least one
hollow receiver member 8017 is positioned or mounted with
respect to a distal portion of the longitudinal shaft 8015 of
elongated probe 8011, although the present disclosure is not
limited thereto. Rather, the at least one hollow receiver mem-
ber 8017 may be positioned or mounted to any portion of the
longitudinal shaft 8015 of elongated probe 8011.

[0076] Inoneembodimentand as showninFIG.17, handle
8003 includes a housing 8005, the housing 8005 including a
channel 8007 formed therein, with the channel 8007 also
configured and dimensioned to receive the K-wire or
guidewire or the like that is received in hollow receiver mem-
ber 8017 to permit the assembly 8001 to be slidably mounted
thereto for purposes of guiding assembly 8001 to a desired
anatomical region. In exemplary embodiments, channel 8007
extends through handle 8003.

[0077] Alternatively, channel 8007 may be formed in an
extension of the housing 8005 of the handle 8003 (e.g., simi-
lar to extension 1615 of FIG. 16). In one embodiment, the
longitudinal axis defined by channel 8007 is substantially the
same as and/or is substantially aligned with the longitudinal
axis defined by the at least one hollow receiver member 8017
(e.g., the same K-wire 150 would extend through channel
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8007 and receiver member 8017). Alternatively, housing
8005 does not include channel 8007, and the K-wire or the
like only travels through the at least one receiver member
8017 to permit the ultrasound assembly 8001 to be slidably
mounted thereto for guiding purposes.

[0078] Inanotherembodimentand as depicted in FIG. 17A,
an elongated probe 8011A for use with an ultrasound assem-
bly similar to instrument/assembly 8001 is depicted. At least
one hollow receiver member 8017A is mounted with respect
to longitudinal shaft 8015A of elongated probe 8§011A and
extends from a portion (e.g., a distal portion) of the shaft
8015A to a proximal end 8016A of shaft 8015A. In general,
hollow receiver member 8017A is configured and dimen-
sioned to receive a K-wire or guidewire or the like to permit
the assembly (e.g., ultrasound assembly 8001) to be slidably
mounted thereto for guiding purposes.

[0079] Inexemplary embodiments, the housing (e.g., hous-
ing similar to 8005) of the handle of the device for use with
elongated probe 8011A may be configured and dimensioned
to house and/or mount with respect to at least a portion of the
proximal end 8016 A of shaft 8015A. For example, at least a
portion of the proximal end 8016 A of shaft 8015A defines at
least a portion of a channel through the housing of the handle
of the assembly for use with probe 8011A. The housing of the
handle of the assembly for use with elongated probe 8011 A
may or may not include a separate channel through the handle
for use with the K-wire (e.g., separate from proximal end
8016 A housed in the housing).

[0080] In another embodiment and as shown in FIG. 17B,
an elongated probe 8011B for use with an assembly similar to
ultrasound assembly 8001 is depicted. Elongated probe
8011B includes a first hollow receiver member 8017B and a
second hollow receiver member 8017B', with the first and
second hollow receiver members 80178, 8017B' being
mounted with respect to longitudinal shaft 8015B of elon-
gated probe 8011B. In general, first and second hollow
receiver members 8017B, 8017B' are configured and dimen-
sioned to receive a K-wire or guidewire or the like (e.g., wire
150 of FIG. 1) to permit the assembly to be slidably mounted
thereto for guiding purposes.

[0081] In one embodiment, first hollow receiver member
80178 is positioned or mounted with respect to a proximal
end of probe 8011B, and second hollow receiver member
8017B' is positioned or mounted with respect to a distal
portion of probe 8011B, although the present disclosure is not
limited thereto. The housing of the handle of the assembly for
use with probe 8011B may be configured and dimensioned to
house and/or mount with respect to at least a portion of first
hollow receiver member 8017B. For example, at least a por-
tion of first hollow receiver member §017B defines at least a
portion of a channel through the housing of the handle of the
assembly for use with probe 8011B. The housing of the
handle of the assembly for use with probe 8011B may or may
notinclude a separate channel through the handle foruse with
the K-wire (e.g., separate from first hollow receiver member
80178 housed in the housing). In exemplary embodiments,
the longitudinal axis defined by the first hollow receiver mem-
ber 80178 is substantially the same as and/or is substantially
aligned with the longitudinal axis defined by the second hol-
low receiver member 8017B' (e.g., the same K-wire 150
would extend through first hollow receiver member §017B
and second hollow receiver member 8017B").

[0082] Variations and modifications of the above-described
devices/assemblies are possible in accordance with embodi-
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ments of the present disclosure. In accordance with some
such variations and modifications, the handle and the longi-
tudinal shaft of the elongated probe (and/or the longitudinal
shaft of the elongated probe and the hollow receiver mem-
bers) are of unitary construction with respect to each other.
Each of the above-described devices/assemblies may be
equipped with a cable assembly for carrying electrical signals
to and from the ultrasound transducer in accordance with an
ultrasonic imaging mode of use of the instrument, the cable
assembly including a proximal end including an electrical
connector for connecting the instrument to a corresponding
ultrasound console and current carrying wires extending dis-
tally from the electrical connector to the ultrasound trans-
ducer at least partially via a corresponding interior conduit
formed in and extending longitudinally along the longitudinal
shaft of the ultrasound probe, as explained and described in
U.S. Pat. No. 8,343,056 and/or U.S. Pat. No. 8,206,306, the
entire contents of each being incorporated by reference
herein. It is also noted that other variations and modifications
are possible. Thus, the present disclosure provides, inter alia,
advantageously integrated medical diagnostic instruments/
assemblies, systems incorporating such instruments/assem-
blies, and methods of use of such instruments/assemblies for
the benefit of such surgical practitioners and their patients.

[0083] In another exemplary embodiment of the present
disclosure, ultrasound assembly 250 (FIG. 5) generally
includes a handle member 252 and an elongated probe 256
that is adapted to mount with respect to (or otherwise coop-
erate with) the handle member 252 (e.g., based on a bayonet
locking mechanism). The elongated probe 256 includes an
ultrasound transducer 260 positioned at or near a distal end
262 thereof. As described above, the ultrasound transducer
260 may be designed in a perpendicular/substantially perpen-
dicular orientation relative to the axis of the elongated probe
256, such that non-axial ultrasound imaging is facilitated, or
in an axial/substantially axial orientation relative to the axis
of elongated probe 256. The handle member 252 of the
assembly 250 generally cooperates with conventional cabling
264 for communication to and with the elongated probe 256
and, in particular, the distally-positioned ultrasound trans-
ducer 260.

[0084] Inuse,theelongated probe 256 ofultrasound assem-
bly 250 is adapted to receive a tubular member 300 (e.g., an
EVD catheter/ventricular drain 300) therearound for delivery
thereof to a desired anatomical region/location. The EVD
catheter/ventricular drain 300 extends axially alongside the
elongated probe 256 such that its distal end 302 is positioned
in close proximity to the ultrasound transducer 260. Thus, as
depicted in the accompanying figures, the distal end 302 of
the tubular member 300 is positioned proximal of the ultra-
sound transducer 260, thereby permitting unobstructed ultra-
sound imaging from the elongated probe 256. In other exem-
plary embodiments of the present disclosure, however, the
distal end 302 of the tubular member 300 is provided with an
opening, channel, window or other structural feature 315 that
permits unobstructed ultrasound imaging from the ultrasound
transducer 260, whether such ultrasound imaging is directed
axially, transversely or at some other orientation relative to
the elongated member 256. Thus, the tubular member 300
(e.g., EVD catheter 300, or other tubular/catheter structure)
may be introduced to a desired anatomical region/location
while ultrasound imaging ensures that injury to adjacent ana-
tomical structures/features is avoided.
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[0085] Accordingly, the elongated probe 256 with associ-
ated tubular member 300 may be advantageously introduced
to a desired anatomical region (e.g., into the cranium of a
patient) with real-time ultrasound imaging of anatomical
structures adjacent thereto. In this way, potential injuries
associated with inadvertent contact of the tubular member
300 with adjacent anatomical structures/features may be
avoided. Once the distal end 302 of the tubular member 300
reaches a desired location/region, the elongated probe 256
may be withdrawn while leaving the tubular member 300 in
place (e.g., to relieve intracranial pressure and hydrocephalus
(FIGS. 8-9)).

[0086] In a further exemplary embodiment of the present
disclosure, ultrasound assembly 350 (FIG. 10) generally
includes a handle member 352 and an elongated probe 356
that is adapted to mount with respect to (or otherwise coop-
erate with) the handle member 352. The elongated probe 356
includes an ultrasound transducer 360 positioned at or near a
distal end 362 thereof. As with previous embodiments dis-
closed herein, the ultrasound transducer 360 may be directed
in a perpendicular or substantially perpendicular orientation
relative to the axis of the elongated probe 356, such that
non-axial ultrasound imaging is facilitated, or in an axial or
substantially axially orientation relative to the axis of the
elongated probe 356. The handle member 352 of assembly
350 generally cooperates with conventional cabling 364 for
communication to and with the elongated probe 356 and, in
particular, the distally-positioned ultrasound transducer 360.
In use, the elongated probe 356 of ultrasound assembly 350
may be introduced to a desired anatomical region/location
and the associated ultrasound imaging may be used to evalu-
ate blood flow and/or flow velocities (e.g., during cranial
aneurysm procedures/surgery, vascular procedures/surgery,
intra-cranial procedures/surgery, extra-cranial procedures/
surgery, bypass procedures/surgery, tumor-related proce-
dures/surgery, and the like).

[0087] In another exemplary embodiment of the present
disclosure, ultrasound assembly 400 (FIG. 12) generally
includes a handle member 402 and an elongated probe 406
that is adapted to mount with respect to (or otherwise coop-
erate with) the handle member 402 (e.g., by way of a bayonet
locking mechanism). The elongated probe 406 includes an
ultrasound transducer 410 positioned at or near a distal end
412 thereof. The ultrasound transducer 410 may be directed
in a perpendicular/substantially perpendicular orientation or
an axial/substantially axial orientation relative to the axis of
the elongated probe 406. The elongated probe 406 further
includes an integrated or modular/interchangeable/detach-
able device 420 (e.g., an integrated or detachable surgical
device such as curette 420) positioned at or near and extend-
ing from a distal end 412 thereof.

[0088] The exemplary device 420 (e.g., curette 420) gener-
ally defines a tissue cutting element 422 which can be used,
for example, to resect tissue (e.g., a tumor). The handle mem-
ber 402 of ultrasound assembly 400 generally cooperates
with conventional cabling 414 for communication to and with
the elongated probe 406 and, in particular, the distally-posi-
tioned ultrasound transducer 410.

[0089] Although the illustrated embodiment features a
device 420 that takes the form of a curette 420, the present
disclosure is not limited thereby. For example, the elongated
probe 406 may advantageously interact with one or more
integrated and/or modular/detachable accessory items/de-
vices 420 positioned at or near and extending from a distal
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end 412 thereof. The integrated or modular/detachable items/
devices 420 that may be associated with the disclosed elon-
gated probe include, for example, such items/surgical devices
420 as a curette, a probe, a knife, a suction device, a scissor,
a cautery unit, forceps, a grasping device and the like.
[0090] In use, the elongated probe 406 may be advanta-
geously introduced to a desired anatomical region with real-
time ultrasound imaging (e.g., to localize the pituitary gland
and surrounding structures). The curette 420 with tissue cut-
ting element 422 may be used to resect tissue (e.g., to remove
pituitary tumors while observing the extent of resection
through ultrasound imaging). Alternatively, the elongated
probe 406 may support alternative structures/elements/surgi-
cal devices 420 (e.g., a probe, a knife, a suction device, a
scissor, a cautery unit, forceps or a grasping device) that may
be used to achieve desired clinical/diagnostic results. The
disclosed ultrasound assembly 400 may also be used to
explore for residual tumor and visualize cavernous sinus con-
tents (e.g., using color and power Doppler functionalities).
[0091] Inother embodiments and as shown in FIGS. 18-23
and 29, an exemplary detachable device 20 in accordance
with the present disclosure is shown. Detachable surgical
device 20 may be similar to device 420 discussed above, with
some differences.

[0092] In general, detachable device 20 is configured to
detachably/releasably mount with respect to various elon-
gated probes (e.g., 106,256,356, 406, etc.) and/or ultrasound
assemblies (e.g., 100, 250, 350, 400, etc.). More particularly,
exemplary detachable surgical device 20 is configured to
detachably/releasably mount with respect to the outer periph-
ery of the distal end (e.g., 112, 262, 362, 412) of various
elongated probes (e.g., 106, 256, 356, 406, etc.) of the dis-
closed ultrasound assemblies (e.g., 100, 250, 350, 400, etc.).
For example, device 20 can be configured and dimensioned to
detachably/releasably mount with respect to the outer periph-
ery 113 of the distal end 112 of elongated probe 106 of
ultrasound assembly 100, as similarly shown in F1G. 31 with
detachable device 220 (the device 220 is discussed further
below).

[0093] In general, device 20 includes a housing section 22
and a protruding section 24 that extends or protrudes from the
housing section 22. In exemplary embodiments, the housing
section 22 is a hollow, substantially cylindrical housing sec-
tion 22, and defines a lumen or cavity 25 therethrough and/or
therein. In general, lumen 25 of housing section 22 is config-
ured and dimensioned to house the outer periphery 113 of the
distal end 112 of elongated probe 106 therewithin, as simi-
larly shown in FIG. 31 with detachable device 220. It is also
noted again that device 20 could be similarly mounted with
respect to the various other elongated probes (e.g., 256, 356,
406, etc.) disclosed herein.

[0094] Exemplary housing section 22 includes one or more
window members 26 therethrough, with each window mem-
ber 26 extending through the housing section 22 to expose the
lumen 25. In exemplary embodiments, housing section 22
includes two window members 26 and 26A therethrough,
with the window members 26, 26A spaced apart from one
another on housing section 22. In some embodiments and as
shown in FIGS. 19-20, the two window members 26, 26 A of
housing section 22 are spaced apart or positioned about 180
degrees from each other on housing section 22. Stated another
way, exemplary window members 26, 26A are spaced equi-
distantly apart from one another on housing section 22,
although the present disclosure is not limited thereto.

Aug. 20,2015

[0095] However, it is noted that window members 26, 26 A
can be spaced apart from one another on housing section 22 a
variety of different distances. It is also noted that housing
section 22 can include a variety of suitable numbers of win-
dow members 26 (e.g., three, four, a plurality, etc.), with each
window member 26 spaced apart from one another a variety
of different distances. For example, housing section 22 can
include three window members 26 (e.g., with each window
member 26 spaced equidistantly apart from one another on
housing section 22; or spaced apart from one another at other
suitable distances).

[0096] In some embodiments, window members 26 and
26A are substantially mirror-images of one another, meaning
that they expose or define substantially the same area of
viewing/imaging through window members 26, 26 A. In other
embodiments, window members 26, 26A can expose or
define different areas of viewing/imaging relative to one
another.

[0097] In exemplary embodiments, each window member
26, 26A is configured and dimensioned to substantially
expose ultrasound transducer 110 (or the other transducers
260, 360, 410, etc.) when positioned above the ultrasound
transducer 110, as similarly shown in FIG. 31 with detachable
device 220 and its associated window member 226 exposing
ultrasound transducer 110. Thus, exposed ultrasound trans-
ducer 110 via window 26 positioned above it (or transducer
110 via window 226 above it, etc.) is available for substan-
tially unobstructed ultrasound imaging through window
member 26 when the device 20 is releasably/detachably
mounted with respect to the distal end 112 of elongated probe
106.

[0098] Moreover and as discussed further below, after
device 20 is releasably/detachably mounted with respect to
the distal end 112 of elongated probe 106 so that window
member 26 is positioned above transducer 110, a user can
then circumferentially rotate the device 20 relative to the
probe 106 (e.g., about 180 degrees) until the second window
member 26 A is positioned above transducer 110 for substan-
tially unobstructed ultrasound imaging through window
member 26A. As such and as discussed below, device 20 with
window members 26, 26 A allows a user to utilize the protrud-
ing section 24 at two different angles relative to exposed
transducer 110 having unobstructed imaging through win-
dow member 26 or window member 26A.

[0099] Exemplary window members 26, 26 A each extend
from a distal end 27 to a proximal end 28 on housing section
22 (FIG.19). The distal end 21 of housing section 22 includes
a distal annular or ring-like section 29, and the proximal end
23 of housing section 22 includes a proximal annular or
ring-like section 31.

[0100] Inexemplary embodiments, annular sections 29, 31
are substantially continuous, and window members 26, 26 A
do not extend through annular sections 29, 31, although the
present disclosure is not limited thereto. For example, it is
noted that window members 26 and/or 26A can extend
through annular section 29, and/or window members 26 and/
or 26 A can extend through annular section 31.

[0101] In general, annular sections 29, 31 are configured
and dimensioned to surround and/or house the outer periph-
ery 113 of the distal end 112 of elongated probe 106, as
similarly shown in FIG. 31 with detachable device 220 and
annular sections 229, 231 (or surround the other probes dis-
closed herein). In certain embodiments, housing section 22
(e.g., section 29 and/or 31) can include a recess or the like
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(e.g., asmall recess integrated on the interior surface of hous-
ing 22) that is configured and dimensioned to engage a tab or
protrusion on the outer periphery 113 of the distal end 112 of
elongated probe 106. In other embodiments, the outer periph-
ery 113 includes a recess or the like that is configured to
engage a tab or protrusion on the interior surface of housing
22.

[0102] Insome embodiments and as shown in FIG. 20, the
distal end 21 of housing section 22 includes an abutment
surface 30 that is configured and dimensioned to abut against
the distal end 112 of probe 106 when device 20 is mounted
with respect to probe 106, as similarly shown in FIG. 31 with
detachable device 220 and abutment surface 230. Abutment
surface 30 may or may not extend across the distal end 21 of
housing section 22 to prevent lumen 25 from extending
through distal end 21 of housing section 22.

[0103] As noted above and as shown in FIGS. 18 and 20,
protruding section 24 extends or protrudes from housing sec-
tion 22. In general, protruding section 24 extends or protrudes
from the distal end 21 of housing 22. Protruding section 24
may or may not be integral with housing section 22.

[0104] In some embodiments, exemplary protruding sec-
tion 24 takes the form of a curette member 24 or the like,
although the present disclosure is not limited thereto. Curette
member 24 generally defines a tissue cutting element 32
which can be used, for example, to resect tissue (e.g., a
tumor).

[0105] However, rather than or in addition to tissue cutting
element 32, protruding section 24 can take a variety of dif-
ferent forms/shapes/geometries, and/or include a variety of
different instruments/devices and/or combination of instru-
ments/devices. It is noted that although the illustrated
embodiment features a device 20 that includes a protruding
section 24 having a tissue cutting element 32, the present
disclosure is not limited thereby. For example, other instru-
ments/elements/features that may be associated with the dis-
closed protruding section 24 include, without limitation, a
probe, a knife, a suction device, a scissor, a cautery unit,
forceps, a grasping device and the like. It is noted that such
other instruments/elements/features may be associated with
protruding section 24 in addition to or in lieu of tissue cutting
element 32.

[0106] In exemplary embodiments and as shown in FIGS.
18 and 20, the tissue cutting element 32 of protruding section
24 extends from the housing section 22 at about a 45 degree
angle relativeto the longitudinal axis B of lumen 25, although
the present disclosure is not limited thereto. Rather, tissue
cutting element 32 of protruding section 24 can extend from
the housing section 22 at other angles relative to the longitu-
dinal axis B of lumen 25 (e.g., at about a 90 degree angle, as
similarly discussed below with reference to element 132 of
device 120).

[0107] In use, it is noted that device 20 can be detachably/
releasably mounted with respect to the outer periphery 113 of
the distal end 112 of elongated probe 106 of ultrasound
assembly 100, as similarly shown in FIG. 31 with detachable
device 220 (or mounted to the distal end (e.g., 262, 362, 412)
of other various elongated probes (e.g., 256, 356, 406, ctc.) of
the disclosed ultrasound assemblies (e.g., 250, 350, 400,
etc.)).

[0108] More particularly, a user could position the distal
end 112 of probe 106 into the lumen 25 of the proximal end 23
of housing section 22, and thereafter advance the distal end
112 within the lumen 25 of housing section 22 until the distal
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end 112 of probe 106 contacts and/or is positioned adjacent to
or near the abutment surface 30 of the distal end 21 ofhousing
section 22 (as similarly shown in FIG. 31 with detachable
device 220).

[0109] In this position, the outer periphery 113 of the distal
end 112 of elongated probe 106 is positioned or housed within
the lumen 25 of the housing section 22, with the annular
sections 29, 31 surrounding and/or housing the outer periph-
ery 113 of the distal end 112 of elongated probe 106, and with
the distal end 112 of probe 106 contacting and/or positioned
adjacentto ornear the abutment surface 30 of the distal end 21
of housing section 22. As such, exemplary device 20 advan-
tageously fits snuggly on the distal end 112 of probe 106 so
that it will not move on its own once it is positioned on the
probe 106, but allows a user to remove the device 20 from the
probe 106 when desired, and also allows the user to rotate the
device 20 circumferentially around the probe 106 (e.g.,
device 20 can be moved/rotated circumferentially around the
circumference of probe 106) when desired, as further dis-
cussed below.

[0110] Forexample, after the distal end 112 of probe 106 is
housed within lumen 25 of the housing section 22 (e.g., with
the annular sections 29, 31 surrounding the distal end 112), a
user could rotate the device 20 circumferentially around the
probe 106 until window member 26 is positioned above trans-
ducer 110 for substantially unobstructed ultrasound imaging
through window member 26.

[0111] In use, the probe 106 and detachably mounted
device 20 may be advantageously introduced to a desired
anatomical region with real-time ultrasound imaging via
transducer 110 operating through window member 26 (e.g.,
to localize the pituitary gland and surrounding structures).
The protruding section 24 with tissue cutting element 32 may
be used to resect tissue (e.g., to remove pituitary tumors while
observing the extent of resection through ultrasound imag-
ing). Alternatively, the mounted device 20 may support alter-
native structures/elements/surgical devices/sections 24 (e.g.,
a probe, a knife, a suction device, a scissor, a cautery unit,
forceps or a grasping device) that may be used to achieve
desired clinical/diagnostic results.

[0112] Thereafter, a user can then rotate the device 20 cir-
cumferentially around and relative to the probe 106 (e.g.,
about 180 degrees) until the second window member 26A is
positioned above transducer 110 for substantially unob-
structed ultrasound imaging through window member 26A.
In this position, the probe 106 and detachably mounted device
20 may be advantageously introduced to a desired anatomical
region with real-time ultrasound imaging via transducer 110
operating through window member 264, and the protruding
section 24 with tissue cutting element 32 may be used to
resect tissue. As such and as noted, device 20 with window
members 26, 26A allows a user to utilize the protruding
section 24 at two different angles relative to exposed trans-
ducer 110 having unobstructed imaging through window
member 26 or window member 26A.

[0113] More specifically, when the transducer 110 is
aligned with window 26, the protruding section 24 and tissue
cutting element 32 is positioned about 180 degrees around the
probe 106 from transducer 110 (e.g., the transducer 110 is
positioned on the top side of the probe 106, while the cutting
element 32 is positioned on the bottom side of the probe).
Thus, imaging can occur via transducer 110 through window
26 at the top side of the probe 106, and cutting can occur via
element 32 at the bottom side of the probe.
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[0114] After transducer 110 is aligned with window 26 A,
the protruding section 24 and tissue cutting element 32 is
positioned on the same side of the probe 106 as the transducer
110 (e.g., the transducer 110 is positioned on the top side of
the probe 106, and the cutting element 32 is positioned on the
top side of the probe). Thus, imaging can occur viatransducer
110 through window 26A at the top side of the probe 106, and
cutting can occur via element 32 at the top side of the probe.
[0115] When desired by a user, the device 20 can be
removed from probe 106. More particularly, a user can hold
the probe 106 or handle 102 in one hand, and slide the device
20 off of and away from the distal end 112 of the probe 106
with the other hand.

[0116] FIGS. 24-28 depict an alternative detachable device
120 that is similar to device 20, with some differences. Simi-
lar to device 20, the device 120 1s configured to detachably/
releasably mount with respect to various elongated probes
(e.g., 106,256,356, 406, etc.). Device 120 includes a housing
section 122 and a protruding section 124 that extends or
protrudes from the housing section 122. Housing section 122
is a hollow, substantially cylindrical housing section 122
having a lumen or cavity 125 therethrough. Housing section
122 includes two window members 126 and 126A there-
through, with each window member 126, 126A configured to
substantially expose ultrasound transducer 110 when posi-
tioned above the ultrasound transducer 110. Thus, exposed
ultrasound transducer 110 via window 126 positioned above
it (or transducer 110 via window 126 A above it) is available
for substantially unobstructed ultrasound imaging through
window member 126 when the device 120 is releasably/
detachably mounted with respect to the distal end 112 of
elongated probe 106.

[0117] The distal end 121 of housing section 122 includes
an abutment surface 130 that is configured and dimensioned
to abut against the distal 112 of probe 106 when device 120 is
mounted with respect to probe 106.

[0118] As shown in FIGS. 24 and 26, protruding section
124 extends or protrudes from housing section 122. In exem-
plary embodiments, the tissue cutting element 132 of protrud-
ing section 124 extends from the housing section 122 at about
a 90 degree angle relative to the longitudinal axis B' of lumen
125, although the present disclosure is not limited thereto.
[0119] Device 120 can be detachably mounted to and
removed from probe 106, as similarly discussed above in
conjunction with device 20. Moreover, after the device 120 is
mounted to probe 106, the device 120 can be circumferen-
tially rotated around and relative to probe 106 so that window
126 or 126A is aligned with transducer 110. As such and as
similar to device 20, the device 120 can be mounted to probe
106 by sliding the device 120 down the distal end 112 and
lining up one of the two windows 126, 126 A with the trans-
ducer 110. The device 120 can then be turned while still on the
probe 106 to the other window 126 or 126A, thus giving the
user a different cutting angle with cutting element 132.
[0120] FIGS. 30-31 depict another alternative detachable
device 220 that is similar to device 20, 120 with some differ-
ences.

[0121] Similar to device 20/120, the device 220 is config-
ured to detachably/releasably mount with respect to various
elongated probes (e.g., 106, 256, 356, 406, etc.). Device 220
includes a housing section 222 and a protruding section 224
that extends or protrudes from the housing section 222. Hous-
ing section 222 is a hollow, substantially cylindrical housing
section 222 having a lumen or cavity 225 therethrough. Hous-
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ing section 222 includes two window members 226 and 226 A
therethrough, with each window member 226, 226 A config-
ured to substantially expose ultrasound transducer 110 when
positioned above the ultrasound transducer 110. Thus,
exposed ultrasound transducer 110 via window 226 posi-
tioned above it (or transducer 110 via window 226A above it)
is available for substantially unobstructed ultrasound imag-
ing through window member 226 when the device 220 is
releasably/detachably mounted with respect to the distal end
112 of elongated probe 106.

[0122] The distal end 221 of housing section 222 includes
an abutment surface 230 that is configured and dimensioned
to abut against the distal 112 of probe 106 when device 220 is
mounted with respect to probe 106.

[0123] As shown in FIGS. 30-31, protruding section 224
extends or protrudes from housing section 222. In exemplary
embodiments, the tissue cutting element 232 (or other alter-
native surgical device/element/feature) of protruding section
224 extends from an extending member 264 of protruding
section 224.

[0124] Device 220 can be detachably mounted to and
removed from probe 106, as similarly discussed above in
conjunction with device 20/120. Moreover, after the device
220 is mounted to probe 106, the device 220 can be circum-
ferentially rotated around and relative to probe 106 so that
window 226 or 226A is aligned with transducer 110. As such
and as similar to device 20/120, the device 220 can be
mounted to probe 106 by sliding the device 220 down the
distal end 112 and lining up one of the two windows 226,
226A with the transducer 110. The device 220 can then be
turned while still on the probe 106 to the other window 226 or
226A, thus giving the user a different cutting angle with
cutting element 232.

[0125] According to the present disclosure, the disclosed
instruments/assemblies (e.g., 100, 250, 350, 400, etc.) and
associated devices (e.g., 20, 120, 220, 420—when present)
may be used in conjunction with an endoscope and/or endo-
scopic camera, thereby permitting simultaneous ultrasound
imaging and conventional viewing. Thus, the elongated
probe/member (e.g., 106,256, 356, 406, etc.) may be adapted
to cooperate with an endoscopic element that transmits
images for viewing by medical personnel, thereby augment-
ing the ultrasound imaging delivered by the ultrasound trans-
ducer (e.g., 110,260, 360, 410) associated with the elongated
probe/member. In addition, the disclosed elongated probe/
member may include one or more fiducials (e.g., flats or
notches) or other antennae that may allow for the handle
member and/or elongated member to be monitored/viewed
by conventional neuro-navigation systems. In this way, the
disclosed assemblies/systems (e.g., 100, 250, 350, 400, etc.)
may be advantageously integrated into intra-operative navi-
gation systems, such as brain lab or stealth systems, so that the
disclosed device/assembly may serve as a pointer for intra-
operative navigation systems while also giving real-time
feedback using ultrasound, which optionally may be merged
with pre-operative MRI or CT scans.

[0126] Although the systems, assemblies and methods have
been described with respect to exemplary embodiments
herein, it is apparent that modifications, variations, changes
and/or enhancements may be made thereto without departing
from the scope of the disclosure as defined by the appended
claims. For example, as an alternative to the use of a side-
firing ultrasound transducer as described hereinabove, and/or
in addition thereto, one or more end-firing ultrasound trans-
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ducers, and/or 360 degree ultrasound transducers may be
employed, whether mounted with respect to the distal end of
the longitudinal shaft of the associated ultrasound probe,
adjacent thereto, or otherwise, for use as desired by the sur-
gical practitioner. Accordingly, the present disclosure
expressly encompasses all such modifications, variations,
changes and/or enhancements. Moreover, the assemblies,
systems and methods of the present disclosure are susceptible
to many implementations and applications, as will be readily
apparent to persons skilled in the art from the disclosure
hereof.

[0127] Whereas the disclosure has been described in con-
nection with ultrasound assemblies for cranial procedures/
applications, such description has been utilized only for pur-
poses of disclosure and is not intended as limiting the
disclosure. To the contrary, it is to be recognized that the
disclosed ultrasound assemblies (e.g., 100, 250, 350, 400,
etc.) and related instruments/devices are capable of use for
other procedures/applications (e.g., spinal surgical proce-
dures, orthopedic applications, minimally invasive surgical
procedures, etc., as described and disclosed in U.S. Pat. Nos.
8,343,056 and 8,206,306, the entire contents of each being
incorporated by reference herein).

[0128] For example, exemplary devices 20, 120, 220, 420,
etc. of the present disclosure can be mounted with respect to
the medical diagnostic instruments (e.g., to the distal ends of
the longitudinal shafts of the ultrasound probes of the medical
diagnostic instruments) that are described and disclosed in
U.S. Pat. Nos. 8,343,056 and 8,206,306 noted above, and
thereafter utilized for surgical/clinical/diagnostic purposes
(e.g., during a broad variety of spinal surgical applications/
procedures or the like).

[0129] Since many changes could be made in the above
construction and many widely different embodiments of this
disclosure could be made without departing from the scope
thereof, it is intended that all matter contained in the drawings
and specification shall be interpreted as illustrative and not in
alimiting sense. Additional modifications, changes, and sub-
stitutions are intended in the foregoing disclosure. Accord-
ingly, it is appropriate that the appended claims be construed
broadly and in a manner consistent with the scope of the
disclosure.

1. An ultrasound assembly comprising:

an elongated probe extending from a proximal end to a
distal end, the proximal end extending from and
mounted with respect to a handle member, the elongated
probe supporting an ultrasound transducer configured to
obtain ultrasound images to determine a location of the
elongated probe relative to surrounding anatomical
structures or features, the ultrasound transducer includ-
ing an array of ultrasonic energy generation elements;
and

a detachable surgical device positioned proximal to and
detachably mounted to an outer periphery of the distal
end of the elongated probe, the detachable surgical
device including a housing section and a protruding
section with the housing section having a first window
member configured to align with and expose the ultra-
sound transducer;

wherein the elongated probe, ultrasound transducer and
detachable surgical device are cooperatively configured,
oriented and dimensioned to allow an operator to insert
the detachable surgical device and the distal end of the
elongated probe into a desired anatomical location to
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permit the operator to: (i) perform thereat a surgical
procedure of the desired anatomical location by utilizing
the detachable surgical device mounted to the outer
periphery of the distal end of the elongated probe, and
(ii) obtain ultrasound imaging of the desired anatomical
location via the exposed ultrasound transducer.

2. The ultrasound assembly of claim 1, wherein the pro-
truding section extends from the housing section and includes
a curette member having a tissue cutting element.

3. The ultrasound assembly of claim 1, wherein the pro-
truding section extends from the housing section; and

wherein the protruding section includes an instrument

selected from a group consisting of a curette, a probe, a
knife, a suction device, a scissor, a cautery unit, forceps
and a grasping device.

4. The ultrasound assembly of claim 1, wherein the housing
section of the detachable surgical device is hollow and sub-
stantially cylindrical, and defines a lumen within the housing
section.

5. The ultrasound assembly of claim 4, wherein the lumen
is configured and dimensioned to house the outer periphery of
the distal end of the elongated probe.

6. The ultrasound assembly of claim 1, wherein the housing
section further includes a second window member configured
to align with and expose the ultrasound transducer.

7. The ultrasound assembly of claim 6, wherein the first and
second window members are spaced equidistantly apart from
one another on the housing section.

8. The ultrasound assembly of claim 6, wherein after the
detachable surgical device is detachably mounted to the distal
end of the elongated probe so that first window member is
positioned above the ultrasound transducer for substantially
unobstructed ultrasound imaging through the first window
member, a user can then circumferentially rotate the detach-
able surgical device around the probe until the second win-
dow member is positioned above the ultrasound transducer
for substantially unobstructed ultrasound imaging through
the second window member.

9. The ultrasound assembly of claim 1, wherein a distal end
of the housing section includes a distal annular section, and a
proximal end of the housing section includes a proximal
annular section; and

wherein the distal and proximal annular sections are con-

figured and dimensioned to surround and house the outer
periphery of the distal end of the elongated probe.

10. The ultrasound assembly of claim 1, wherein a distal
end of the housing section includes an abutment surface that
is configured and dimensioned to abut against the distal end of
the elongated probe.

11. The ultrasound assembly of claim 1, wherein the pro-
truding section of the detachable surgical device extends from
a distal end of the housing section.

12. The ultrasound assembly of claim 1, wherein the handle
member defines a guide channel that is sized and configured
for receipt of a K-wire or guidewire; and

wherein the guide channel is sized and configured to permit

the K-wire or guidewire to run alongside the elongated
probe.

13. The ultrasound assembly of claim 1 further comprising
at least one hollow receiver member mounted with respect to
the elongated probe;

wherein the at least one hollow receiver member is config-

ured and dimensioned to receive a K-wire or guidewire.
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14. The ultrasound assembly of claim 13, wherein the at
least one hollow receiver member includes a first hollow
receiver member and a second hollow receiver member
mounted with respect to the elongated probe, each hollow
receiver member configured and dimensioned to receive the
K-wire or guidewire; and

wherein the first hollow receiver member is mounted with

respect to a distal portion of the elongated probe and the
second hollow receiver member is mounted with respect
to a proximal end of the elongated probe.

15. The ultrasound assembly of claim 13, wherein the at
least one hollow receiver member extends from a distal por-
tion of the elongated probe to a proximal end of the elongated
probe.

16. An ultrasound assembly comprising:

an elongated probe extending from a proximal end to a

distal end, the proximal end extending from and
mounted with respect to a handle member, the elongated
probe supporting an ultrasound transducer configured to
obtain ultrasound images to determine a location of the
elongated probe relative to surrounding anatomical
structures or features, the ultrasound transducer includ-
ing an array of ultrasonic energy generation elements;
and

a detachable surgical device positioned proximal to and

detachably mounted to an outer periphery of the distal
end of the elongated probe, the detachable surgical
device including a housing section and a protruding
section with the housing section having: (i) a first win-
dow member configured to align with and expose the
ultrasound transducer when the detachable surgical
device is in a first mounted position relative to the elon-
gated probe, and (ii) a second window member config-
ured to align with and expose the ultrasound transducer
when the detachable surgical device is in a second
mounted position relative to the elongated probe;
wherein the elongated probe, ultrasound transducer and
detachable surgical device are cooperatively configured,
oriented and dimensioned to allow an operator to insert
the detachable surgical device and the distal end of the
elongated probe into a desired anatomical location to
permit the operator to: (i) perform thereat a surgical
procedure of the desired anatomical location by utilizing
the detachable surgical device mounted to the outer
periphery of the distal end of the elongated probe, and
(i1) obtain ultrasound imaging of the desired anatomical
location via the exposed ultrasound transducer when the

Aug. 20,2015

detachable surgical device is in the first or second
mounted position relative to the elongated probe.

17. The ultrasound assembly of claim 16, wherein the
protruding section extends from a distal end of the housing
section and includes a curette member having a tissue cutting
element.

18. The ultrasound assembly of claim 17, wherein the
housing section of the detachable surgical device is hollow
and substantially cylindrical, and defines a lumen within the
housing section; and

wherein the lumen is configured and dimensioned to house

the outer periphery of the distal end of the elongated
probe.
19. The ultrasound assembly of claim 18, wherein the distal
end of the housing section includes a distal annular section,
and a proximal end of the housing section includes a proximal
annular section;
wherein the distal and proximal annular sections are con-
figured and dimensioned to surround and house the outer
periphery of the distal end of the elongated probe; and

wherein the distal end of the housing section includes an
abutment surface that is configured and dimensioned to
abut against the distal end of the elongated probe.

20. A method for performing a procedure, comprising:

providing an elongated probe extending from a proximal

end to a distal end, the elongated probe supporting an
ultrasound transducer;
detachably mounting a surgical device to an outer periph-
ery of the distal end of the elongated probe, the detach-
ably mounted surgical device including a housing sec-
tion and a protruding section with the housing section
having a window member configured to align with and
expose the ultrasound transducer;
introducing and inserting the elongated probe, the exposed
ultrasound transducer, and the detachably mounted sur-
gical device to a desired anatomical location while
obtaining ultrasound images, via the exposed ultrasound
transducer, for use in assessing the position of the elon-
gated probe and the detachably mounted surgical device
relative to surrounding anatomical structures;

performing a surgical procedure of the desired anatomical
location by utilizing the detachably mounted surgical
device; and

obtaining ultrasound imaging, via the exposed ultrasound

transducer, of the desired anatomical location for the
surgical procedure.
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