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(57) Abrege/Abstract:

A surgical instrument (100) can include a body (126), a tracking device (84), and a handle (114). The body can Include proximal

and distal ends, and a flow passage extending therebetween.

be bent between the proximal and distal ends from a first configuration to a second bent configuration and m

configuration. The tracking device can be positioned adjacent
can be coupled to the proximal end of the body and can includ

The body can be formed from a malleable material such that it can
aintain the bent
the distal end for tracking a distal tip of the instrument. The handle
e an Internal flow passage In fluid communication with the body flow

passage. The tracking device can include a pair of lead wires wound around the body to the handle, where the wound wires can
conform to the bent configuration of the body such that they do not strain or break during bending of the body.
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(57) Abstract: A surgical instrument (100) can include a body (126), a tracking device (84), and a handle (114). The body can in-
clude proximal and distal ends, and a flow passage extending therebetween. The body can be formed from a malleable material
such that 1t can be bent between the proximal and distal ends from a first configuration to a second bent configuration and main -
tain the bent configuration. The tracking device can be positioned adjacent the distal end for tracking a distal tip of the mstrument.
The handle can be coupled to the proximal end of the body and can include an internal flow passage 1n tluid communication with
the body flow passage. The tracking device can include a pair of lead wires wound around the body to the handle, where the
wound wires can conform to the bent configuration ot the body such that they do not strain or break during bending ot the body.
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NAVIGATED MALLEABLE SURGICAL INSTRUMENT
FIELD
[0002] The present disclosure relates generally to a navigatead
malleable surgical instrument.
BACKGROUND

[0003] The statements in this section merely provide background
information related to the present disciosure and may not constitute prior art.

[0004] Surgical procedures can be performed on anatomies such as
the human anatomy for providing a therapy to the anatomy. One area of
surgery includes procedures performed on facial cavities of a patient such as
on the ear, nose or throat (ENT). In such a procedure, a surgical instrument
such as a suction device may be inserted into such a cavity to perform a
procedure for example. Because the viewing angie of a surgeon at the area of

interest can be obscured by the surrounding tissue of the cavity, the ability of a

surgeon to effectively apply a fherapy, such as a suction procedure, can be
reduced. Therefore, it i1s desirable to provide a mechanism so that a surgeon
can provide a therapy witﬁout minimization or reduction of effectiveness of the
procedure or in viewing the area to apply the therapy.

[0005] in navigation systems, instruments are provided with tracking
devices. Sometimes, however, such tracking devices can be difficult to
manipulate or cumbersome to the instrument. In other instances, the tracking
devices can be positioned in a handle or proximal region of the instrument such

that if the distal tip moves or is moved relative to the handie, the distal tip can

no longer be accurately tracked.
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[0006] In some procedures, it may also be difficult to effectively guide
the surgical instrument through various shaped cavities of the anatomy. In an
effort to address this difficulty, instruments have been developed that include
flexible elongated portions configured to be permanently flexible. While these
flexible instruments can conform to internal cavities of the anatomy, they do not
retain any specific configuration, such that they are generally not suitable for

certain procedures, such as an ENT suction procedure.

SUMMARY

[0007] This section provides a general summary of the disclosure,
and is not a comprehensive disclosure of its full scope or all of its features.

[0008] In one form, a surgical instrument is provided and can include
an elongated body portion, a tracking device, and a handle portion. The
elongated body portion can include a proximal end, a distal end, and an inner
diameter defining a first internal flow passage between the proximal and distal
ends. The body portion can be formed from a malleable metallic material such
that the body portion can be bent between the proximal and distal ends from a
first configuration to a second bent configuration and maintain the bent
configuration. The tracking device can be positioned adjacent or near the distal
end and can be adapted to cooperate with a navigation system to track a distal
tip of the instrument. The handle portion can be coupled to the proximal end of
the body portion and can include a second internal flow passage in fluid
communication with the first internal flow passage. The tracking device can
include at least a pair of lead wires wound around the body portion from the
tracking device to the handle portion, the wound lead wires can be configured
to conform to the bent configuration of the body portion such that they do not
strain or break during bending of the body portion.

[0009] In another form, a surgical instrument is provided and can
include an elongated tubular body portion, a tubular insert portion, and a
sleeve. The tubular body portion can have a proximal end, a distal end, and an
inner diameter defining a first internal flow passage between the proximal and

distal ends. The body portion can be formed from a malleable metallic material
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such that the body portion can be bent between the proximal and distal ends
from a first configuration to a second bent configuration and maintain the bent
configuration. The tubular insert portion can have a proximal end and a distal
tip, the proximal end of the insert portion can be received in the inner diameter
of the distal end of the body portion, and the insert portion can be formed of a
rigid, non-bendable material. The sleeve can be configured to be received over
the insert portion and extend from the distal end thereof partially towards the
proximal end. The instrument can further include a tracking device and a
handle portion. The tracking device can be coupled to the sleeve adjacent to
the distal tip of the insert, and can be adapted to cooperate with a navigation
system to track the distal tip of the instrument. The handle portion can be
coupled to the proximal end of the body portion and can include a second
internal flow passage in fluid communication with the first internal flow passage.
The tracking device can include at least a pair of lead wires helically wound
around the body portion at an acute angle relative to a longitudinal axis of the
body portion, where the helically wound pair of iead wires can be configured to
conform to the bent configuration of the body portion such that they do not
strain or break during bending of the body portion. A flexible outer layer can
cover the body portion, sleeve, insert and tracking device.

[0010] Further areas of applicability will become apparent from the
description provided herein. [t should be understood that the description and

specific examples are intended for purposes of illustration only and are not

iIntended to limit the scope of the present teachings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] The present teachings will become more fully understood from
the following detailed description and the following drawings. The drawings are
for illustrative purposes only and are not intended to limit the scope of the
present disclosure.
[0012] Figure 1 is a perspective view of an exemplary navigation

system according to the principles of the present disclosure;
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[0013] Figure 2 is a top plan view of an exemplary malleable suction
instrument for use with the navigation system according to the principles of the
present disclosure;

[0014] Figure 3 is a side view of the exemplary suction instrument
according to the principles of the present disclosure;

[0015] Figure 4 is a partial perspective view of a distal region of the
exemplary suction instrument according to the principles of the present
disclosure;

[0016] Figure 5 is a partial side view of the distal region of the
exemplary suction instrument according to the principles of the present
disclosure;

[0017] Figure 5A is an exploded view of an exemplary wire routing
configuration according to the principles of the present disclosure;

[0018] Figure 6 is a partial sectional view of the exemplary suction
instrument of Figure 5 according to the principles of the present disclosure;

[0019] Figure 7 is a partial view of a handle portion of the exemplary
suction instrument according to the principles of the present disclosure;

[0020] Figures 8 and 9 Iillustrate views of exemplary alternative
tracking sensor configurations according to the principles of the present
disclosure;

[0021] Figure 10 is a view of exemplary bent or formed configurations
of the exemplary malleable suction instrument according to the principles of the
present disclosure;

[0022] Figure 11 is a partial perspective view of the distal region of
the exemplary suction instrument illustrating an exemplary alternative tracking
arrangement according to the principles of the present disclosure; and

[0023] Figure 12 is a partial perspective view of the distal region of
the exemplary suction instrument illustrating another exemplary alternative

tracking arrangement according to the principles of the present disclosure.
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DETAILED DESCRIPTION OF THE VARIOUS EMBODIMENTS

[0024] The following description is merely exemplary in nature and is
In no way intended to limit the present disclosure, its application, or uses. It
should also be understood that throughout the drawings, corresponding
reference numerals indicate like or corresponding parts and features.

[0025] Figure 1 is a diagram schematically illustrating an overview of
an Image-guided navigation system 10 for use in the non-line-of-site navigating
of a surgical instrument 100, such as a navigable malleable suction device or
suction instrument, according to various exemplary embodiments of the present
disclosure. Exemplary navigation systems include those disclosed in U.S. Pat.
No. 7,366,562, issued on April 29, 2008 to John H. Dukesherer et al. and U.S.
Pat. App. Pub No. 2008/0132909, published June 5, 2008, to Bradley A
Jascob et al. Commercial navigation systems include the StealthStation®
AXIEM™ Surgical Navigation System sold by Medtronic Navigation, Inc. having
a place of business in Louisville, Colorado, USA. It should be appreciated that
while the navigation system 10 and suction instrument 100 are generally
described in connection with an ear, nose and throat (ENT) procedure,
navigation system 10 and suction instrument 100 can be used in various other
appropriate procedures.

[0026] Generally, the navigation system 10 can be used to track a
location of suction instrument 100, including a distal tip or end thereof, as will
be described herein. Navigation system 10 can generally include an optional
Imaging system 20, such as a fluoroscopic X-ray imaging device configured as
a C-arm 24 and an image device controller 28. The C-arm imaging system 20
can be any appropriate imaging system, such as a digital or CCD camera,

which are well understood in the art. Image data obtained can be stored in the
C-arm controller 28 and sent to a navigation computer and/or processor
controller or work station 32 having a display device 36 to display image data
40 and a user interface 44. The work station 32 can also include or be
connected to an image processor, navigation processor, and a memory to hold

instruction and data. The work station 32 can include an optimization
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processor that assists in a navigated procedure. It will also be understood that
the image data is not necessarily first retained in the controller 28, but may also
be directly transmitted to the workstation 32. Moreover, processing for the
navigation system and optimization can all be done with a single or multiple
processors all of which may or may not be included in the work station 32.

[0027] The work station 32 provides facilities for displaying the image
data 40 as an image on the display device 36, saving, digitally manipulating, or
printing a hard copy image of the received image data. The user interface 44,
which may be a keyboard, mouse, touch pen, touch screen or other suitable
device, allows a physician or user 50 to provide inputs to control the imaging
device 20, via the C-arm controller 28, or adjust the display settings of the
display device 36.

[0028] With continuing reference to Figure 1, the navigation system
10 can further include a tracking system, such as an electromagnetic (EM)
tracking system 60. The discussion of the EM tracking system 60 can be
understood to relate to any appropriate tracking system. The EM tracking
system 60 can include a localizer, such as a coll array 64 and/or second coll
array 68, a coil array controller 72, a navigation probe interface 80, and the
trackable suction instrument 100. Instrument 100 can include an instrument
tracking device or devices 84, as will be discussed herein. Briefly, the tracking
device 84 can include an electromagnetic coil to sense a field produced by the
localizing coll arrays 64, 68 and provide information to the navigation system 10
to determine a location of the tracking device 84. The navigation system 10
can then determine a position of a distal tip of the suction instrument 100 to
allow for navigation relative to the patient 34 and patient space.

[0029] The EM tracking system 60 can use the coll arrays 64, 68 to
create an electromagnetic field used for navigation. The coll arrays 64, 68 can
include a plurality of coils that are each operable to generate distinct
electromagnetic fields into the navigation region of the patient 34, which is
sometimes referred to as patient space. Representative electromagnetic
systems are set forth in U.S. Patent No. 5,913,820, entitled “Position Location
System,” issued June 22, 1999 and U.S. Patent No. 5,592,939, entitled
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"Method and System for Navigating a Catheter Probe,” issued January 14,
1997.

[0030] The coll arrays 64, 68 can be controlled or driven by the coil
array controller 72. The coil array controller 72 can drive each coil in the coll
arrays 64, 68 in a time division multiplex or a frequency division multiplex
manner. In this regard, each coil may be driven separately at a distinct time or
all of the coils may be driven simultaneously with each being driven by a
different frequency.

[0031] Upon driving the coils in the coil arrays 64, 68 with the coil
array controller 72, electromagnetic fields are generated within the patient 34 in
the area where the medical procedure is being performed, which is again
sometimes referred to as patient space. The electromagnetic fields generated
In the patient space induce currents in the tracking device 84 positioned on or
In the suction instrument 100. These induced signals from the tracking device
84 can be delivered to the navigation probe interface 80 and subsequently
forwarded to the coil array controller 72. The navigation probe interface 80 can
also include amplifiers, filters and buffers to directly interface with the tracking
device 84 In the instrument 100. Alternatively, the tracking device 84, or any
other appropriate portion, may employ a wireless communications channel,
such as that disclosed in U.S. Patent No. 6,474,341, entitled “Surgical
Communication Power System,” issued November 5, 2002, as opposed to
being coupled directly to the navigation probe interface 80.

[0032] The tracking system 60, If it Is using an electromagnetic
tracking assembly, essentially works by positioning the coil arrays 64, 638
adjacent to the patient 32 to generate a magnetic field, which can be low
energy, and generally referred to as a navigation field. Because every point in
the navigation field or patient space is associated with a unique field strength,
the electromagnetic tracking system 60 can determine the position of the
instrument 100 by measuring the field strength at the tracking device 84
location. The coil array controller 72 can receive the induced signals from the

tracking device 84 and transmit information regarding a location, where location
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information can include both x, y, and z position and roll, pitch, and yaw
orientation information, of the tracking device 84 associated with the tracked
suction instrument 100. Accordingly, six degree of freedom (6 DOF)
information can be determined with the navigation system 10.

[0033] Referring now to Figures 2-10, the navigated malleable
surgical instrument 100 will be described in greater detail. In one exemplary
configuration, the malleable surgical instrument 100 can be used for suction,
including fluid and tissue removal in ENT procedures. It should be appreciated,
however, that the navigated malleable surgical instrument 100 can be used In
various other surgical procedures as may be desired and can be provided In
the form of a malleable or flexible endoscope, a malleable or flexible catheter,
and/or a malleable cannula. Thus, while the following description continues
with reference to a navigated malleable suction instrument 100, the discussion
IS also applicable to the surgical instruments discussed above.

[0034] Suction instrument 100 can include a tube assembly 110, a
handle assembly 114 and a tracking sensor arrangement 118. Suction
instrument 100 can be configured for a single use such that it would be
disposed after such use. The tube assembly 110 can include a malleable
elongated tubular body 126 and an insert portion 130. The tubular body 126
can include an outer diameter 134 and an inner diameter 138 and can have a
first end 142 coupled to the handle assembly 114 and a second opposite end
148 configured to receive insert portion 130, as shown in Figure 6. The second
end 148 can include an internal annular recess 152 having an inner diameter
156 greater than the inner diameter 138 of the remaining portion of body 126,
as also shown in Figure 6. The malleable elongated body 126 can be formed
from various aluminum alloys, such as AL 3003-O, and various stainless steel
alloys, such as 304 annealed, such that it is malleable to facilitate being bent or
formed into various configurations and retaining the bent or formed
configuration, as will be discussed herein. The body 126 can also be provided
In various lengths and diameters, including 7, 9 and 12 French diameters.

[0035] The Insert portion 130 can be configured to provide non-

malleable support for at least the tracking sensor 84. Insert portion 130 can
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include an outer diameter 160 substantially equal to the inner diameter 156 of
annular recess 152, and an inner diameter 164 substantially equal to the inner
diameter 138 of malleable elongated body 126, as also shown in Figure 6. In
this manner, the substantially equal inner diameters 138, 164 can provide for a
substantially constant flow path 166 for suction. It should be appreciated,
however, that the inner diameters 138, 164 can also be provided with varying
dimensions. Insert portion 130 can include a first end 172 and a second
opposite end 176. The first end 172 of the insert portion 130 can be received In
annular recess 152, as shown Iin Figure 6. Insert portion can include a rigid
construction to facilitate receiving and housing tracking device 84, as will be
described herein. In this manner, insert portion 130 can be formed or
manufactured from stainless steel or other biocompatible rigid materials such
that insert portion 130 is not malleable like elongated body 126. The insert
portion can also include an exemplary axial length of approximately 10 mm.
[0036] Insert portion 130 can include a sleeve 190 received on an
exterior thereof, as shown in Figures 5 and 6. Sleeve 190 can include an inner
diameter 194 substantially equal to the outer diameter of insert portion 130, and
an outer diameter 198 substantially equal to the outer diameter 134 of body
126. It should be appreciated that sleeve 190 can also be configured with
different diameters relative to body 126. Sleeve 190 can extend over a portion
of insert 130 from the first end 172 of the insert portion 130 towards the second
end, as shown in Figure 6. In one exemplary configuration, sleeve 190 can
extend from the first end 172 and contact the first end 142 of body 126 when
the insert portion 130 is coupled to annular recess 152 of body 126. In another
exemplary configuration, sleeve 190 can extend from the first end 172 of body
portion 130 in a similar manner as discussed above, but can stop short of the
first end 142 of body 126, as shown in Figure 6. Sleeve 190 can be fixed to
insert portion 130, and insert portion 130 can be fixed to annular recess 152
with an appropriate adhesive. Sleeve 190 can be formed of a polymeric
material or other suitable materials. Sleeve 190 can also include a first end
220 configured to substantially align with the second end 176 of insert 130.

The first end 220 can include a rounded or chamfered blunt distal tip 222 such
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that it can be placed against surrounding tissue during a suction procedure
without cutting or damaging such tissue.

[0037] With particular reference to Figures 4 and 5, sleeve 190 can
include a plurality of flattened sections 206 configured to facilitate receiving and
supporting the tracking sensor arrangement 118, as will be described herein.
In one exemplary configuration, sleeve 190 can include at least three flattened
sections 206 configured to attachably receive tracking device 84. In this
configuration, the tracking device 84 can include three coil assemblies 214, as
will be described herein. Briefly, in one exemplary configuration, the three coill
assemblies 214 can each include a cylindrical configuration as shown In
Figures 4 and 5, having an overall axial length of approximately 1.5 mm to 2
mm, an overall diameter of approximately 0.3 to 0.5 mm, and a plurality of wire
windings wound along a cylindrical base to form the cylindrical configuration.
The plurality of windings can form the coil assembly 214 having the generally
uniform cylindrical configuration, as generally shown in Figure 5. Each
flattened section 206 can include a slot or depression 218 formed therein and
configured to receive a corresponding coil assembly 214, as shown for
example in Figures 5 and 6. Each slot 218 can be formed in the corresponding
flattened section 206 at a 0 to 90 degree angle to a longitudinal axis 208 of the
tube assembly 110. In one exemplary configuration, each slot 218 can be
formed at a 45 or 55 degree angle to longitudinal axis 208, as shown in Figure
5. Each of the three flattened sections 206 can be positioned equidistantly or
120 degrees around a circumference of sleeve 190 so that the three coll
assemblies 214 are therefore likewise positioned equidistantly around the
circumference of sleeve 90, as also generally shown in Figures 4-6. It should
be appreciated that the coil assemblies can also be coupled to the sleeve
without the flattened sections 206, and can be aligned at different orientations
relative to the longitudinal axis, including parallel thereto. In this regard, the
sleeve 190 can include an outer surface with a circular shape in cross-section
configured to receive the coil assemblies 214.

[0038] The coll assemblies 214 can include three coll assemblies as

described above that cooperate with the navigation system 10 such that 6 DOF

10
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tracking information can be determined. It should be appreciated, however,
that two coil assemblies 214 could also be used in conjunction with navigation
system 10 such that 6 DOF tracking information can also be determined. In a
configuration where three coil assemblies 214 are utilized, two of the three coll
assemblies can be positioned at an angle relative to the longitudinal axis 208
with the third coil assembly being positioned at an angle relative to the
longitudinal axis 208 or parallel thereto. The three coll assemblies 214 can
also each be positioned at an angle relative to each other. As discussed
above, an exemplary angle of the three coil assemblies 214 relative to the
longitudinal axis 208 can be 45 or 55 degrees, which also provides for optimal
packaging and spacing of the coil assemblies circumferentially around sleeve
190. It should be appreciated that while an angle of 45 or 55 degrees has been
discussed, other angles could be utilized with coil assemblies 214 and
instrument 100 as may be required. It should also be appreciated, as
discussed above, that the coil assemblies could be positioned parallel or
perpendicular to the longitudinal axis 208.

[0039] In a configuration where tracking device 84 includes two coill
assemblies 214, the two coil assemblies can similarly be positioned equidistant
or 180 degrees spaced around an outer perimeter of sleeve 190, as well as can
each be positioned at an angle relative to each other and at an angle relative to
the longitudinal axis 208 of the tube assembly 110. In this configuration, the
two coil assemblies can also cooperate with navigation system 10 such that 6
DOF tracking information can be determined. In one exemplary configuration,
the two coil assemblies 214 can be positioned at an angle of about 0 to 90
degrees, including about 45 degrees relative to longitudinal axis 208 of the tube
assembly 210.

[0040] With additional reference to Figures 8 and 9, two exemplary
coil assemblies 214A and 214B having alternative winding configurations are
illustrated operatively associated with an exemplary tubular structure 223 of an
exemplary instrument. Coil assemblies 214A and 214B can each include an
overall non-linear shape as compared to the overall cylindrical configuration of

coils assemblies 214 shown in Figure 5. Coil assembly 214A can include a

11
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central arcuate depression or concavity 224 such that the depression 224 has a
smaller outer diameter than opposed ends 225 of the plurality of windings, as
generally shown in Figure 8. The winding configuration of coil assembly 214A
can provide an ability to maximize an amount of coil windings on a base wire
while working towards minimizing an overall outer dimension or size of an
instrument. In this regard, coil assembly 214A Iis shown Iin Figure 8 with the
arcuate depression 224 substantially conforming to an outer surface 226 of the
tubular structure 223 such that the coill assembly or assemblies 214A
essentially nest around the outer surface 226 of the tubular structure. In this
regard, because of the general clearance provided by a cylindrical coill
assembly positioned adjacent to an outer diameter of the tubular structure 223,
a gap or space 221 on either end of the coil can include additional windings
without effectively increasing the overall outer diameter of the entire assembly.
This can allow for greater or stronger sensitivity in the navigated space.

[0041]  With particular reference to Figure 9, coil assembly 214B can
include an overall arcuate convex shape 227 configured to conform to and nest
within an inner diameter 229 of the exemplary tubular structure. Similar to coil
assembly 214A, such a configuration can provide for maximizing an amount of
windings on the base wire while also working towards minimizing the inner
diameter 229 of the tubular structure 223 that would be required to receive one
or more colil assemblies 214B.

[0042] With particular reference to Figures 5 and 5A, the tracking
sensor arrangement 118 will now be described In detail. Tracking sensor
arrangement 118 can include the tracking device 84 having the two or three coll
assemblies 214, as well as a first set of lead wires 228, a printed circuit board
232 and a second set of lead wires 236. The first set of lead wires 228 can
include a pair of lead wires 228A for each coil assembly 214, as generally
shown in Figure 6. Each respective pair of lead wires 218A can be routed to a
first end of a respective pair of connections 240 on printed circuit board 232. |t
should be appreciated that while tracking device 84 is described as having

three coil assemblies, more or less coil assemblies can be utilized as may be
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desired or required depending on, for example, characteristics of the navigation
system being utilized as well as the number of degrees of freedom desired.

[0043] Printed circuit board 232 can include a flexible backing 244
such that it can readily conform to the contour of an outer surface of the body
126, as shown for example in Figure 4. The flexible printed circuit board 232
can wrap entirely or partially around a perimeter of the body 126 and can be
positioned adjacent the second end 148 of body 126, as generally shown in
Figures 5 and 6. In this manner, the insert portion 130, In its inserted position
shown in Figure 6, can be under all or substantially all of the printed circuit
board 232. The rigid insert portion 130 can thus prevent the malleable body
126 from bending or flexing in a region of the printed circuit board 232. In one
exemplary configuration, the printed circuit board can be an integral part of
sleeve 190.

[0044] The second set of lead wires can include three respective
pairs of wires 236A, 236B, 236C, as generally shown in Figure 5 with reference
to the partial exploded view in Figure 5A. It should be appreciated that while
Figures 2-5, 6-7 and 10 show the second set of lead wires 236 as one element,
this is for illustration purposes only and it should be understood that the second
set of lead wires shown in Figures 2-5, 6-7 and 10 include the three respective
pairs of lead wires 236A-C, as shown in Figure 5A. Each pair of lead wires
236A-C can be twisted together and positioned adjacent each other, as also
shown in Figure 5A. The twisted pairs 236A-C of wires can reduce electrical
interference or cross-talk between each pair of adjacent lead wires. Each pair
of lead wires can be connected to a single coil assembly 214. The lead wires
can also include a Teflon coating or other appropriate lubricous or friction
reducing coating on an outer surface thereof. Each pair of lead wires 236A-C
can be coupled to an opposite end of respective connectors 240 on printed
circuit board 232. It should be appreciated that the lead wires 228 could
alternatively extend up the body 126 as a twisted pair of lead wires without the
use of printed circuit board 232, or could extend up to and be terminated

directly to the respective twisted pair of lead wires 236.
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[0045] The second set of lead wires 236, which includes the three
pairs of twisted wires 236A-C, can be helically wound around elongated body
126 from the printed circuit board 232 to the second end 148, as generally
shown for example in Figures 3-5A. The wires 236 can be wound around the
outside of body 126 at an angle a relative to the longitudinal axis 208 of
approximately 0 to 85 degrees, including about 30 degrees, as generally shown
in Figures 5 and 5A. Each revolution of the wires 236 around body 126 can be
spaced apart from each other by a distance D of approximately 2 to 45 mm,
including about 5 mm, as shown with reference to Figure 5. |In one exemplary
configuration, the range can include from about 15 — 45 mm. The helical
winding of the wires 236 at an acute angle relative to the longitudinal axis along
with the relatively close spacing of the wires and the Teflon coating facilitate
being able to bend the malleable body 126 at significant angles, including
beyond ninety degrees, without breaking or otherwise damaging the wires 236,
as will be discussed herein. It should be appreciated that the wires 236 can
also be positioned along body 126 in a single revolution from the printed circuit
board 232 or the tracking device 84 to the second end 148. In this regard, the
revolution spacing can be from about 2 mm to a length of the body 126. The
wires 236 can also be positioned along body 126 from the printed circuit board
232 to the second end 148 without being wound around body 136.

[0046] Once the second set of wires 236 has been helically wound
around the outside of tubular body 126 to the first end 142, the wires can be
routed into slots 254 in handle assembly 114 and connected to respective lead
wires of a cable connector assembly 258, as generally shown in Figure 7. The
cable connector assembly 258 can be connected to the navigation probe
interface 80, as generally shown in Figure 1. The handle assemble 114 can
include two half sections 264, with one half section being shown in Figure 7 for
Illustration purposes.

[0047]  With particular reference to Figure 6 and continued reference
to Figures 2-5A, 7 and 10, the tube assembly 110 can include a polymeric outer
heat shrink 272 covering the entire assembly, as shown In the cross-sectional

view of Figure 6. Thus, the heat shrink 272 can cover the elongated body 126,
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the insert portion 130, and the sensor arrangement 118 including the wires
helically wound along the body 126. The heat shrink 272 can provide an outer
covering or shell over the tube assembly 110 and sensor arrangement 118
while providing sufficient flexibility for both bending of the body 126 and slight
relative movement of the helically wound wires 236 as a result of the bending.
In this regard, the wires can be moveably captured between the heat shrink
and the tubular body. The heat shrink covering can also serve as an electric
Isolation barrier. It should be appreciated that while the heat shrink covering is
only shown in Figure 6, it has not been shown in the other various views for
clarification purposes only to better illustrate the sensor arrangement 118 and
routing of wires 236. In this regard, it should be understood that the heat shrink
272 can cover the tube assembly 110 and sensor arrangement 118 shown In
Figures 2-10.

[0048] As discussed above, the handle assembly 114 can include
multiple components, such as for example two halves, with one of the halves
shown in Figure 7 receiving the first end of the suction tube assembly 110 In
fluid communication with a suction passage 280 formed therein. The suction
passage 280 can terminate at a connector 284 protruding from a proximal end
of the handle (Figures 2 and 3) and can be configured to receive a suction hose
or other arrangement in fluid communication with a suction source (not shown).
Once the wires are connected to the cable assembly and routed in the slots
254 as discussed above, the other half of handle assembly 114 can connected
and an adhesive can be used to bond the handle halves together to form the
handle as shown in Figures 2 and 3.

[0049] With particular reference to Figure 2, handle assembly 114
can include a suction adjustment feature 290 which can be in the form of a bore
292 extending from an outer surface 294 of the handle assembly 114 and into
fluid communication with the suction passage 280. |n operation, a surgeon or
user 50 of the instrument 100 can place their thumb or another object over the
bore 292 to vary an opening of the bore 292 and thus vary an amount of
suction pressure realized in the flow path or passage 166. For example, if the

bore 292 is left completely open or uncovered, a majority it not all of the suction
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will be through the bore 292 and not the first end 172 of insert portion 130. On
the other hand, if the bore 192 is completely covered or closed off, a maximum
amount of suction will be realized at end 172. Varying the opening of bore 292
between fully closed and fully opened can therefore correspondingly vary an
amount of realized suction at end 172.

[0050] In operation and with additional reference to Figure 10, the
malleable elongated body 126 can be bent into various configurations, as
generally shown by the exemplary configurations 300A-D. The malleable
nature of body 126 can provide the ability for body 126 to be bent into such
various configurations without kinking and can maintain the various
configurations until bent or shaped into another configuration. Further,
malleable body 126 can be bent or shaped as discussed above without require
additional tools, such as a mandrel to facilitate the bending. This Is
advantageous, for example, in that a surgeon can bend body 126 multiple
times by hand during a procedure Iin close proximity to the patient without
having to resort to additional tools or other equipment to facilitate the bending
while performing the procedure.

[0051] Moreover, the helically wound configuration of wires 236 along
with the Teflon coating provides for the ability to bend malleable body 126 at
various angles including through ninety degrees without breaking the wires.
More specifically, by winding wires 236 helically around body 126 at an angle
relative to the longitudinal axis and at a close proximity to each other, the
wound wires can conform to the bent shape and move or flex axially with the
bent tube such that they do not strain and/or break during the bending. In
addition, the Teflon coating provides added lubricity for the wires to have
relative motion between the tube and the outer shrink coating 272 during
bending.

[0052] Further, by providing the tracking device 84 near the distal tip
222, the distal tip 222 of the suction instrument can be tracked to provide
substantially accurate position data for the distal tip of suction instrument 100
when out of a line of sight in a body cavity of patient 34. This is particularly

useful for the malleable suction instrument 100 because, for example, the tip
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can be bent or moved relative to the handle and still be tracked. On the other
hand, If the tracking device was in the handle (such as in a hind tracked
system) and the body 126 was subsequently bent or shaped, the navigation
system would no longer be able to accurately track the position of the distal tip.
In this regard, the present teaching provide a tip tracked malleable suction
instrument that can be bent or shaped into various configurations as may be
required during a procedure, and the distal tip can be accurately tracked in any
of the various bent positions.

[0053] In use, the patient 34 can be positioned on an operating table
or other appropriate structure and appropriate image data of a patient or
navigation space can be obtained, such as an ENT area. The image data can
be registered to the navigation space as i1s known in the art. The surgeon 50
can determine a shape of the malleable suction instrument 100 to reach a
target site and bend the suction instrument 100 to the determined shape where
iInstrument 100 retains the bent shape, as discussed above. The bent or
shaped surgical instrument 100 can then be guided to the target site with an
icon representing the position of the distal tip of instrument 100 being
superimposed on the image data. The icon can show the tracked relative
position of the distal tip as instrument 100 is navigated to the target site. In
addition, if during navigation of the shaped instrument 100 to the target site, the
surgeon determines that the shaped configuration will need to be altered, the
surgeon can bend and/or reshape the instrument 100 to a newly shaped
configuration and proceed again as discussed above.

[0054] With additional reference to Figure 11, an alternative tracking
device arrangement 84" will now be discussed. As can be seen in Figure 11,
tracking device 84" can include two or three wrapped coil assemblies 214" that
can be used in place of the coil assemblies 214. Coil assemblies 214’ can be
wrapped around sleeve 190 proximate the distal tip 222. In one exemplary
configuration, the coil assemblies 214" can be individually wrapped around
sleeve 190 In an overlapping manner with a wrap axis having a non-normal and
non-parallel angle to longitudinal axis 208. In the exemplary configuration

Illustrated, coil assemblies 214" can be wrapped around sleeve 190 at an angle
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relative to each other and longitudinal axis 208. In another exemplary
configuration, coil assemblies 214’ can be wrapped around sleeve 190 and
spaced axially apart from each other. A further discussion of the coll
assemblies 214’ can be found in U.S. Application Serial No. 12/770,181, filed
on April 29, 2010 and entitled “Method and Apparatus for Surgical Navigation®.

[0055] With additional reference to Figure 12, another alternative
tracking device arrangement 84" is shown associated with instrument 100.
Tracking device 84" can also be used in place of tracking device 84 and can
include a plurality of oval coil assemblies 214" positioned about sleeve 190
proximate distal tip 222. In one exemplary configuration, two to four coill
assemblies 214” can be positioned about sleeve 190 proximate distal tip 222.
In the exemplary configuration illustrated, four coil assemblies 214" can be
circumferentially spaced around sleeve 190 proximate distal tip 222, and an
axial coil 304 can be positioned proximally of coil assemblies 214", as shown In
Figure 12. In one exemplary configuration, two oval coil assemblies 214" can
be provided with the axial coil 304. The two coil assemblies 214" can also
include two pair of coil assemblies 214" provided with the axial coil 304.

[0056] The coil assemblies 214" can be formed in various selected
shapes, such as elliptical, circular, or oval. In one exemplary configuration, the
axial coil 304 can be concentric with and wrapped around an outer surface of
sleeve 190 or body 126, as shown in Figure 12. A further discussion of coill
assemblies 214" and axial coil 304 can be found in U.S. Application Serial No.
13/016,740, filed on January 28, 2011 and entitled “Method and Apparatus for
Image-Based Navgation®.

[0057] While one or more specific examples have been described
and illustrated, it will be understood by those skilled in the art that various
changes may be made and equivalence may be substituted for elements
thereof without departing from the scope of the present teachings as defined Iin
the claims. Furthermore, the mixing and matching of features, elements and/or

functions between various examples may be expressly contemplated herein so
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that one skilled in the art would appreciate from the present teachings that
features, elements and/or functions of one example may be incorporated into
another example as appropriate, unless described otherwise above. Moreover,
many modifications may be made to adapt a particular situation or material to

the present teachings without departing from the essential scope thereof.
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CLAIMS

We claim:
1. A surgical instrument, comprising:

an elongated body portion having a proximal end and a distal end, wherein the
elongated body portion has an inner diameter defining a first internal flow passage
between the proximal and distal ends, and wherein the elongated body portion is
formed from a malleable metallic material such that the elongated body portion can be
bent between the proximal and distal ends from a first configuration to a second bent
configuration and maintain the bent configuration:

a sleeve configured to extend from the distal end of the elongated body portion,
wherein the sleeve includes a depression formed in an outer surface of the sleeve, and
wherein the depression has a longitudinal axis positioned at an acute angle relative to a
longitudinal axis of the elongated body portion;

a tracking assembly positioned adjacent the distal end and adapted to cooperate
with a navigation system to track a distal tip of the surgical instrument, wherein the
tracking assembly comprises a printed circuit board and a first coil, and wherein the first
coll is mounted on the sleeve and in the depression at the acute angle relative to the
longitudinal axis of the elongated body;

a handle portion coupled to the proximal end of the elongated body portion and
Including a second internal flow passage in fluid communication with the first internal
flow passage;

a first pair of lead wires wound around the elongated body portion from the

tracking assembly to the handle portion, wherein the first pair of lead wires are
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configured to conform to a bent configuration of the elongated body portion such that

the first pair of lead wires do not strain or break during bending of the elongated body
portion;

a set of wires connecting the printed circuit board to the first coil, wherein the
printed circuit board connects the first pair of lead wires to the set of wires: and

an insert received in the sleeve and the distal end of the elongated body portion,
wherein the insert is straight and tubular-shaped, and wherein the insert is under at
least a portion of the printed circuit board and prevents bending or flexing in a region of

the printed circuit board.

2. The surgical instrument of claim 1, wherein the first pair of lead wires is

helically wound around the elongated body portion from the tracking assembly to the

handle portion.

3. The surgical instrument of claim 2, wherein the first pair of lead wires are

helically wound around the elongated body portion with consecutive revolutions of the

first pair of lead wires being axially spaced apart by 15 — 45 mm.

4. The surgical instrument of claim 3, further comprising an outer polymeric

shrink fit layer covering the elongated body portion and the tracking assembly.

5. The surgical instrument of claim 3, wherein the first pair of lead wires are
twisted together and helically wound around the body at an angle of 5 - 45 degrees

relative to the longitudinal axis of the elongated body portion.
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6. The surgical instrument of claim 2, wherein the first pair of lead wires
comprises a lubricous coating.
7. The surgical instrument of claim 1, wherein the acute angle is 55 degrees.

8. The surgical instrument of claim 1, wherein:

the sleeve includes three depressions equally spaced circumferentially around an
outer surface of the sleeve;

each of the three depressions has a longitudinal axis positioned at a respective
acute angle of about 55 degrees relative to the longitudinal axis of the elongated body
portion;

the tracking assembly includes a plurality of coils;

the plurality of coils comprise the first coil, a second coil and a third coil; and

each of the plurality of coils is wound along a base to form a cylindrical

configuration that is disposed in a respective one of the three depressions formed in the

outer surface of the sleeve.

9. The surgical instrument of claim 8, wherein:
the sleeve further includes three flattened planar sections spaced

circumferentially around the outer surface of the sleeve; and

each of the three depressions is formed in a corresponding one of the three

flattened planar sections.
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10.  The surgical instrument of claim 8, wherein:

the tracking assembly comprises a plurality of pairs of lead wires extending
between the handle portion and the printed circuit board:;

the printed circuit board is mounted on the distal end of the elongated body
portion;

the first coil corresponds to the first pair of lead wires:

the second coil corresponds to a second pair of lead wires;

the third coil corresponds to a third pair of lead wires:

the plurality of pairs of lead wires comprise the first pair of lead wires, the second
pair of lead wires, and the third pair of lead wires; and

each of the plurality of pairs of lead wires is helically wound around the elongated
body portion adjacent to each other from the tracking assembly to the handle portion
with consecutive revolutions of the plurality of pairs of lead wires being axially spaced

apart by 15 - 45 mm.

11. The surgical instrument of claim 10, further comprising a second set of

wires, wherein:

the printed circuit board has a flexible backing configured to conform to an outer

cylindrical surface of the elongated body portion; and

the second set of wires is connected to the printed circuit board at one end and
helically wound around the elongated body portion adjacent to each other from the
circuit board to the handle portion with each revolution of the second set of wires being

axially spaced apart by 30 mm.
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12.- The surgical instrument of claim 11, further comprising an outer polymeric

shrink layer covering the sleeve, the insert, the printed circuit board and the elongated

body portion, wherein the plurality of lead wires are moveably captured between the

outer polymeric shrink layer and the elongated body portion.

13.  The surgical instrument of claim 1, wherein the coil includes a plurality of
windings wound around a core to form a generally cylindrical shape having an outer

diameter of less than 0.5 mm and an axial length between 1.5 and 2.0 mm.

14.  The surgical instrument of claim 1, wherein:

the first coll includes a plurality of windings wound to form at least a partially

concave or concave outer surface; and

the concave outer surface is configured to nest around a cylindrical surface of the

sleeve.

15.  The surgical instrument of claim 1, wherein:

the tracking assembly includes a second coil adjacent to the distal end of the

elongated body portion; and

the first coll and the second coll are orientated perpendicular to the longitudinal

axis of the elongated body portion.

16.  The surgical instrument of claim 1, wherein:

the tracking assembly includes a second coil; and
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the first coil and the second coil are individually wrapped around the elongated
body portion adjacent a distal tip of the sleeve and at an acute angle relative to a

longitudinal axis of the elongated body portion.

17.  The surgical instrument of claim 16, wherein:
the tracking assembly includes a third coil: and
the first coil, the second coil, and the third coil are individually wrapped around

the elongated body portion in an overlapping manner relative to each other.

18.  The surgical instrument of claim 1, wherein:
the first coll is an axial coil: and

the tracking assembly includes two oval-shaped coils adjacent the distal tip of the

sleeve.

19. A surgical instrument, comprising:

an elongated tubular body portion having a proximal end and a distal end,
wherein the elongated body portion has (i) an inner diameter defining a first internal flow
passage between the proximal and distal ends, and (ii) an annular recess formed in the
Inner diameter of the distal end, and wherein the elongated body portion is formed from
a malleable metallic material such that the elongated body portion can be bent between
the proximal and distal ends from a first configuration to a second bent configuration
and maintain the bent configuration;

a tubular insert portion having a proximal end and a distal tip, wherein the

proximal end of the tubular insert portion is received in the annular recess of the distal
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end of the elongated body portion, and wherein the insert portion is formed of a rigid,

non-bendable material:

a polymeric sleeve configured to be received over only a portion of the insert
portion and extend from the distal end of the insert portion towards the proximal end of
the insert portion;

a 'tracking assembly coupled to the sleeve and the elongated body portion,
wherein the tracking assembly is adapted to cooperate with a navigation system to track
the distal tip of the insert portion, wherein the tracking assembly includes a printed
éircﬁit board and at least two electromagnetic coils, wherein the at least two
electromagnetic coils are each wrapped around a core and disposed in respective
depressions in an outer surface of the sleeve, wherein each of the at least two
electromagnetic coils is positioned at an acute angle rélative to a longitudinal axis of the
elongated body portion, and wherein the at least two electromagnetic coils and at least

a portion of the printed circuit board are supported by the insert;

a handle portion coupled to the proximal end of the elongated body portion and

Including a second internal flow passage in fluid communication with the first internal

flow passage,

wherein the tracking assembly includes a pair of lead wires for each of the at
least two electromagnetic coils, wherein the pairs of lead wires are helically wound
around the body adjacent to each other and at an acute angle relative to the longitudinal
axis of the elongated body portion;

a plurality of wires connecting the at least two electromagnetic coils to the printed

circuit board.
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wherein the printed circuit board connects the pairs of lead wires to the plurality

of wires, and
wherein the insert is under at least a portion of the printed circuit board and
prevents bending or flexing in a region of the printed circuit board; and

a flexible polymeric outer heat shrink layer covering the elongated body portion,

the sleeve, the insert and the tracking assembly,

wherein the pairs of lead wires are moveably captured between the elongated

body portion and the flexible polymeric outer heat shrink layer.

20.  The surgical instrument of claim 1, wherein the first coil is wrapped around

a core and disposed in the depression formed in the outer surface of the sleeve at the

acute angle relative to the longitudinal axis of the elongated body.

#1395681
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