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TRACKABLE BIOPSY NEEDLE

FIELD

[0001] The present disclosure relates to a trackable biopsy needle.

BACKGROUND

[0002] This section provides background information related to the

present disclosure which is not necessarily prior art.

[0003] A biopsy is a medical test involving the removal of cells or

tissues with a biopsy needle for examination. Due to the surgeon's viewing

angle and/or surrounding tissue, it can be difficult for a surgeon to direct the

biopsy needle to the area of interest. Surgical navigation systems can track the

location of a biopsy needle handle or proximal region, which is opposite to a

distal region including a needle tip, but if the tip moves or is moved relative to the

handle and/or proximal region, then tracking the tip can become difficult.

SUMMARY

[0004] This section provides a general summary of the disclosure, and

is not a comprehensive disclosure of its full scope or all of its features.

[0005] The present teachings provide for a trackable biopsy needle

assembly including an inner tube of an outer cannula, an inner dielectric layer, a

first coil, a second coil, a third coil, an outer dielectric layer, and an outer tube of

the outer cannula. The inner tube defines a bore. The inner dielectric layer is

secured onto an outer surface of the inner tube. The first, second, and third coils

are wound over the inner dielectric layer. The outer dielectric layer is secured

onto the first coil, the second coil, and the third coil. The outer tube is fastened

to the outer dielectric layer.

[0006] The present teachings further provide for a trackable biopsy

needle assembly including an outer cannula, a tip, and an inner cannula. The

outer cannula includes an outer cannula hub, an outer tube extending from the

outer cannula hub and defining a first outer layer, an inner tube affixed to the

outer tube and defining a bore and a first inner diameter, and a plurality of

conductive coils between the inner tube and the outer tube for tracking a position



of the biopsy needle assembly within a magnetic field. The tip extends from a

distal end of the outer cannula. The tip defines an outer biopsy window, a tip

cavity aligned with the bore, a second outer diameter that is substantially the

same as the first outer diameter, and a second inner diameter that is

substantially the same as the first inner diameter. The inner cannula includes an

inner cannula hub, an inner cannula shaft extending from the inner cannula hub,

and an inner biopsy window defined by the inner cannula shaft proximate to an

inner cannula shaft tip. The inner cannula shaft is sized to be received by the

bore of the outer cannula and the tip cavity of the tip such that the inner biopsy

window aligns with the outer biopsy window.

[0007] The present teachings also provide for a system for tracking a

position of a trackable biopsy needle in a patient space. The system includes an

outer cannula of the biopsy needle including a first coil, a second coil, and a third

coil, each of which are between inner and outer tubes of the outer cannula and

are angled relative to a longitudinal axis of the outer cannula; an electromagnetic

tracking system including a localizer to generate an electromagnetic field for use

in navigating the biopsy needle; an imaging system that images a patient to

provide image data; and a navigation controller for receiving tracked information

from the electromagnetic tracking system and the image data from the imaging

system, where the navigation controller is configured to display the position of

the biopsy needle on the image data.

[0001] Further areas of applicability will become apparent from the

description provided herein. The description and specific examples in this

summary are intended for purposes of illustration only and are not intended to

limit the scope of the present disclosure.

DRAWINGS

[0002] The drawings described herein are for illustrative purposes

only of selected embodiments and not all possible implementations, and are not

intended to limit the scope of the present disclosure.

[0003] Figure 1 is a perspective view of an exemplary navigation

system according to the present teachings;



[0004] Figure 2 is a plan view of a biopsy needle assembly

according to the present teachings;

[0005] Figure 3 is a perspective partial cross-sectional view of a

distal area of the biopsy needle assembly of Figure 2 ;

[0006] Figure 3A is a side view of a sensor assembly of the biopsy

needle assembly;

[0007] Figure 4 is a cross-sectional view taken along line 4-4 of

Figure 3 with an inner cannula of the biopsy needle assembly removed for

clarity;

[0008] Figure 5 is cross-sectional view of area 5 of Figure 2 with

the inner cannula of the biopsy needle assembly removed;

[0009] Figure 6 is a cross-sectional view of area 6 of Figure 5 ; and

[0010] Figure 7 is a cross-sectional view of a distal area of the

biopsy needle assembly of Figure 2 with an outer cannula tip removed from a

remainder of the biopsy needle assembly.

[001 1] Corresponding reference numerals indicate corresponding

parts throughout the several views of the drawings.

DETAILED DESCRIPTION

[0012] Example embodiments will now be described more fully with

reference to the accompanying drawings.

[0013] Figure 1 is an overview of an image-guided navigation

system 10 for use in the non-line-of-site navigating of an instrument, such as a

biopsy needle assembly 110 according to the present teachings. Exemplary

navigation systems include those disclosed in U.S. Pat. No. 7,366,562, issued

April 29, 2008, and U.S. Pat. App. Pub No. 2008/01 32909, published June 5 ,

2008, both of which are incorporated herein by reference. Commercial

navigation systems include the StealthStation® AxiEM™ Surgical Navigation

System by Medtronic Navigation, Inc. of Louisville, Colorado, USA. It should be

appreciated that while the navigation system 10 and biopsy needle assembly

110 are generally described in connection with a brain biopsy, the navigation

system 10 and biopsy needle assembly 110 can be used in any other suitable

procedure.



[0014] The navigation system 10 can identify and track the position of

the biopsy needle assembly 110 , including a distal end or tip thereof, as

described further herein. The navigation system 10 generally includes an

imaging system 12 , a navigation controller 14 , and an electromagnetic tracking

system 16 . The imaging system 12 includes a suitable imaging device, such as

a digital or CCD camera 18 supported by a C-Arm mount 20 or an O-Arm mount,

and an image device controller 22. Image data can be stored in the image

device controller 22 and sent to the navigation controller 14 . Description

regarding the O-Arm imaging system or other appropriate imaging systems can

be found in U.S. Patent Nos. 7,1 88,998, 7,1 08,421 , 7,1 06,825, 7,001 ,045 and

6,940,941 , each of which is incorporated herein by reference.

[0015] The navigation controller 14 includes a computer 24 with a user

interface 26 and a display 28 for displaying image data. The navigation

controller 14 can also include or be connected to an image processor, navigation

processor, and a memory to store instructions and data. The controller 14 can

further include an optimization processor that assists with a navigated

procedure. The image data need not be retained in the computer 24, but may

also be directly transmitted to the navigation controller 14 . Moreover, processing

for the navigation controller 14 can all be done with single or multiple processors

all of which may or may not be included in the navigation controller 14 .

[0016] The navigation controller 14 provides facilities for displaying

image data 30 as an image on the display 28, saving the image data 30, digitally

manipulating the image data 30, or printing a hard copy of the image data 30.

The user interface 26, which may be a keyboard, mouse, touch pen, touch

screen or other suitable device, allows a physician or user 32 to provide inputs to

control the imaging system 12 , via the image device controller 22, or adjust the

display settings of the display 28.

[0017] The EM tracking system 16 generally includes a localizer, such

as a first localizing coil assembly or array 40 and/or a second localizing coil

assembly or array 42, a coil array controller 44, a navigation probe interface 46,

and the biopsy needle assembly 110 . The biopsy needle assembly 110 can

include an instrument tracking device or devices, such as electromagnetic coils,

as will be discussed herein. The electromagnetic coils sense an electromagnetic



field generated by the first and the second localizing coil arrays 40 and 42 and

provide information to the navigation system 10 to determine a location of a

needle tip or distal end of the needle assembly 110 to assist with navigation of

the needle tip relative to a patient 50 within a surrounding patient space. The

discussion of the EM tracking system 16 can be understood to relate to any

appropriate tracking system. Exemplary electromagnetic systems are set forth in

U.S. Patent No. 5,91 3,820, entitled "Position Location System," issued June 22,

1999 and U.S. Patent No. 5,592,939, entitled "Method and System for

Navigating a Catheter Probe," issued January 14 , 1997, each of which are

hereby incorporated by reference.

[0018] With reference to Figure 2 , the biopsy needle assembly 110

generally includes an overall proximal end 112 , an overall distal end 114 that is

opposite to the overall proximal end 112 , an outer cannula 116 , and an inner

cannula 118 .

[0019] The outer cannula 116 includes an outer cannula hub 120 near

the overall proximal end 112 , an outer cannula tip 122 at the overall distal end

114 , and a sensor assembly 124 (Figures 3 and 3A), which extends between the

outer cannula hub 120 and the outer cannula tip 122. The outer cannula hub

120 defines a hub through bore 126 including a first hub opening 128 and a

second hub opening 130 at opposite ends of the hub through bore 126. The first

hub opening 128 is closer to the overall proximal end 112 than the second hub

opening 130 is and thus the first hub opening 128 is between the overall

proximal end 112 and the second hub opening 130. The outer cannula hub 120

further defines one or more locking surfaces or tabs 132, which protrude into the

hub though bore 126 and are configured to cooperate with the inner cannula 118

to secure the inner cannula 118 within the outer cannula 116 , as further

described herein.

[0020] With additional reference to Figures 3-6, the sensor assembly

124 generally includes an inner tube 134, an inner dielectric 136, a first coil 138,

a second coil 140, a third coil 142, an outer dielectric 144, an adhesive 146, and

an outer tube 148.

[0021] The inner tube 134 of the sensor assembly 124 includes an

inner surface 150 (Figure 4) and an outer surface 152 (Figure 3), which is



opposite to the inner surface 150. The inner surface 150 defines a sensor

assembly bore 154 (Figure 4) for receipt of the inner cannula 118 , as further

described herein. The inner tube 134 and the sensor assembly bore 154 extend

from within the outer cannula hub 120 to the outer cannula tip 122. The inner

tube 134 can be made of any suitable material, such as a polymeric material or a

metal, such as stainless steel.

[0022] The outer surface 152 of the inner tube 134 is covered with the

inner dielectric 136. The inner dielectric 136 is a sleeve sized to fit over the inner

tube 134. The inner dielectric 136 can be any suitable dielectric, such as a heat

shrink tube. Any suitable heat shrink tube can be used, including part number

0801 00CST from Vention Medical of Salem, New Hampshire, formerly Advanced

Polymers. To secure the inner dielectric 136 to the outer surface 152, heat is

applied to inner dielectric 136 to shrink the inner dielectric 136 onto the outer

surface 152 of the inner tube 134.

[0023] The first, second, and third coils 138, 140, and 142 are wound

onto the inner dielectric 136. The first coil 138 is closest (and more proximal) to

the outer cannula hub 120, the third coil 142 is closest (or more distal) to the

outer cannula tip 122, and the second coil 140 is between the first coil 138 and

the third coil 142. Each of the first, second, and third coils 138, 140, and 142 are

wound to provide two layers with 340 winds per layer. The first, second, and

third coils 138, 140, and 142 are wound such that they each are angled or

slanted at about 55° relative to a longitudinal axis A of the sensor assembly 124

(Figures 3 and 3A), the longitudinal axis A extending along an axial center of the

sensor assembly bore 154. To hold each of the first, second, and third coils 138,

140, and 142 at the desired angle, a suitable adhesive can be used, such as

Hollister Medical Adhesive 7730. The first, second, and third coils 138, 140, 142

can also be wound in any suitable number of layers including any suitable

number of winds per layer.

[0024] Each of the first, second, and third coils 138, 140, and 142 are

clocked or rotated about the longitudinal axis A at about 120° relative to each

other. For example and with reference to Figure 3A, the second coil 140 is

rotated about the longitudinal axis A about 120° relative to the first coil 138, and

the third coil 142 is rotated about 120° relative to the second coil 140, or about



240° relative to the first coil 138. The first, second, and third coils 138, 140, and

142 are spaced about 13.5 millimeters apart as measured between center points

of neighboring ones of the first, second, and third coils 138, 140, and 142 (see

Figures 3 and 3A). The third coil 142 is spaced apart a suitable distance from a

distal end 156 of the inner tube 134, such as about 5.0 millimeters, or at any

position within a two inch range, from the most distal point of the third coil 142, or

about 10.48 millimeters from a midpoint of the third coil 142. Any suitable

conductive coil can be used, such as 58 AWG SP (single build polyurethane

insulated) copper magnet wire conforming to NEMA MW79C. By arranging the

first, second, and third coils 138, 140, and 142 as described above, the

electromagnetic fields of the coils 138-1 42 are vectored at 90° relative to each

other as described in U.S. Patent Publication No. 201 0/021 0939 (serial no.

12/770,1 8 1) , filed on April 29, 201 0 , which is incorporated herein by reference.

Thus, six degrees of freedom information can be determined for the biopsy

needle assembly 110 based on the positions of the first, second, and third coils

138, 140, and 142. In addition to arranging the first, second, and third coils 138,

140, and 142 rotated approximately 120° relative to each other about the

longitudinal axis A and angled or slanted about 55° relative to the longitudinal

axis A , any other suitable angles or arrangements can be provided, such as

described in U.S. Patent Publication No. 201 0/021 0939, which has been

incorporated herein by reference.

[0025] The sensor assembly further includes a first flexible printed

circuit board or flex circuit 160, a second flexible printed circuit board or flex

circuit 162, and a third flexible printed circuit board or flex circuit 164, each of

which are mounted to the inner dielectric 136 with a suitable adhesive or any

other suitable manner, such as disclosed in, for example, U.S. Patent Publication

No. 201 0/0234724 (serial no. 12/400,951 ) , filed on March 10 , 2009, which is

incorporated herein by reference. The first flex circuit 160 is mounted between

the first coil 138 and the outer cannula hub 120. The second flex circuit 162 is

mounted between the first coil 138 and the second coil 140. The third flex circuit

164 is mounted between the second coil 140 and the third coil 142. The first,

second, and third flex circuits 160, 162, and 164 can be aligned with each other

or rotated at various angles relative to each other, such as 120° relative to each



other as illustrated in Figure 3 . Each of the first, second, and third flex circuits

160, 162, and 164 include a first pair of conductors 166, a second pair of

conductors 168, and a third pair of conductors 170 respectively.

[0026] Ends of the first coil 138 are electrically connected to the first

pair of conductors 166 of the first flex circuit 160 with a pair of first coil leads 172.

Current is conducted between the first flex circuit 160 and the coil array

controller 44 of the EM tracking system 16 with a pair of first cable leads 174,

which extend between the first pair of conductors 166 and the coil array

controller 44. Ends of the second coil 140 are electrically connected to the

second pair of conductors 168 of the second flex circuit 162 with a pair of second

coil leads 176. Current is conducted between the second flex circuit 162 and the

coil array controller 44 of the EM tracking system 16 with a pair of second cable

leads 178, which extend between the second pair of conductors 168 and the coil

array controller 44. Ends of the third coil 142 are electrically connected to the

third pair of conductors 170 of the third flex circuit 164 with a pair of third coil

leads 180. Current is conducted between the third flex circuit 164 and the coil

array controller 44 of the EM tracking system 16 with a pair of third cable leads

182, which extend between the third pair of conductors 170 and the coil array

controller 44. In place of one or more of the first, second, and third flexible

circuits 160, 162, and 164, crimp-type connectors can be used, or the coil leads

172, 176, 180 can be connected directly to the cable leads 174, 178, 182, such

as by soldering.

[0027] The first, second, and third coils 138, 140, and 142; the first,

second, and third conductors 166, 168, and 170; and the associated leads are all

covered with the outer dielectric 144. The outer dielectric 144 is positioned such

that it covers and extends to the distal end 156 of the inner tube 134, or

terminates between the third coil 142 and the distal end 156. The outer dielectric

144 can be any suitable dielectric, such as a heat shrink tube. Any suitable heat

shrink tube can be used, including part number 1051 00CST from Vention

Medical of Salem, New Hampshire, formerly Advanced Polymers. Heat is

applied to the outer dielectric 144 to shrink it and secure the outer dielectric 144

in position. The inner dielectric 136 is secured to the outer dielectric 144



proximate to the distal end 156 of the inner tube 134 with a suitable adhesive to

maintain electrical isolation of the first, second, and third coils 138, 140, and 142.

[0028] A suitable adhesive 146 (Figure 4) is applied over the outer

dielectric 144. The inner tube 134 is inserted within the outer tube 148 to secure

the outer dielectric 144 to the outer tube 148. Any suitable adhesive can be

used, such as Loctite® adhesive number M-31 CL by Henkel Corporation of

Germany. The inner tube 134 is positioned such that the distal end 156 of the

inner tube 134 does not extend beyond, but is rather recessed within the outer

tube 148.

[0029] With additional reference to Figure 7 for example, the outer

cannula tip 122 generally includes a rounded distal tip end 190 and a proximal

tip end 192 opposite to the distal tip end 190. The outer cannula tip 122 defines

an outer window 194 between the distal tip end 190 and the proximal tip end

192. The proximal tip end 192 defines a tip proximal opening 196, which

provides access to a tip cavity 198 defined by the outer cannula tip 122. At the

proximal tip end 192, the outer cannula tip 122 includes an outer recessed

surface 200 and an inner recessed surface 202 that is opposite to the outer

recessed surface 200.

[0030] The outer cannula tip 122 is positioned with respect to the

sensor assembly 124 such that the proximal tip end 192 is seated between the

outer dielectric 144 and the outer tube 148. The outer tube 148 is thus over and

generally surrounds the outer recessed surface 200, and the inner recessed

surface 202 is over and generally surrounds outer surface 152 of the inner tube

134 and the outer dielectric layer 144 at the distal end 156 of the inner tube 134.

An inner surface or diameter 204 of the outer cannula tip 122 distal to the inner

recessed surface 202 is generally flush with the inner surface or diameter 150 of

the inner tube 134 to provide a smooth surface for the inner cannula 118 to

move along. Further, the outer tube 148 defines an outer diameter 206 that is

generally flush with an outer diameter 208 of the outer cannula tip 122 (Figure

2), to thereby provide the biopsy needle assembly 110 with a generally smooth

overall outer surface between the cannula hub 120 and the overall distal end

114 . Thus, the outer tube 148 and outer cannula tip 122 together provide a

generally smooth inner surface or diameter 150/204 and a generally smooth



outer surface or diameter 206/208 between the cannula hub 120 and the overall

distal end 114 . The inner cannula 118 can be any suitable inner cannula, and

thus Applicants' outer cannula 116 with the sensor assembly 124 can be

interchangeable with most any other inner cannula biopsy needle. By packaging

the first, second, and third coils 138, 140, and 142 between the inner and outer

tubes 134 and 148, the coils 138-1 42 are concealed and protected from

damage.

[0031] The outer cannula tip 122 can be made of any suitable material,

such as a suitable metallic or polymeric material, as illustrated. When the outer

cannula tip 122 is made of a polymer, it may be over molded to the outer

dielectric layer 144 and/or the outer tube 148. The outer cannula tip 122 can be

secured to the outer dielectric layer 144 and/or the outer tube 148 in any other

suitable manner as well, such as with a suitable adhesive 208 or weld.

[0032] As illustrated in Figures 2 and 3 , the inner cannula 118 includes

an inner cannula hub 2 10 , which defines a through bore 2 12 with a proximal

opening 2 14 and a distal opening 2 16 . At the proximal opening 2 14 is a flange

2 18 for cooperation with a syringe or other biopsy collection device. The flange

2 18 can be part of a Luer lock or any other suitable coupling device. Near the

proximal opening 2 14 , the through bore 2 12 is enlarged to accommodate the

syringe or other biopsy collection device. At an exterior of the inner cannula hub

2 10 proximate to the distal opening 2 16 are locking recesses 220, which are

configured to engage the locking surfaces 132 to retain the inner cannula 118 in

cooperation with the outer cannula 116 .

[0033] From the distal opening 2 16 of the inner cannula hub 2 10

extends elongated inner cannula shaft 230, which terminates at a shaft tip 232.

The inner cannula shaft 230 has a length that is approximately equal to the

combined length of the sensor assembly 124 and the outer cannula tip 122.

Proximate to the shaft tip 232, is an inner cannula window 234 defined by the

inner cannula shaft 230. When the outer window 194 is aligned with the inner

cannula window 234, the biopsy sample of interest can be collected

therethrough. The biopsy sample is collected by rotating the inner cannula

window 234, which is provided with a sharp edge, relative to the outer window

194.



[0034] Tracking the position of the biopsy needle assembly 110 ,

particularly the overall distal end 114 thereof, will now be described. The EM

tracking system 16 drives current through the first coil array 40 and optionally the

second coil array 42 to generate an electromagnetic navigation field. The first,

second, and third coils 138, 140, and 142 are each operable to sense the

electromagnetic field and generate an output to the EM tracking system 16 .

Alternatively, the first, second, and third coils 138, 140, and 142 are each

operable to generate the electromagnetic field that can then be received by the

first and the second coil arrays 40 and 42.

[0035] Because every point in the navigation field is associated

with a unique field strength, the electromagnetic tracking system 16 can

determine the position of the instrument biopsy needle assembly 110 by

measuring the field strength at each of the first, second, and third coils 138, 140,

and 142. The coil array controller 44 can receive information regarding the field

strength and transmit location information including x , y, and z position and roll,

pitch, and yaw orientation information, of the tracked biopsy needle assembly

110 . Accordingly, six degree of freedom information can be determined with the

navigation system 10 . Because the first, second, and third coils 138, 140, and

142 are arranged as described above, such as proximate to the overall distal

end 114 , the position of the overall distal end 114 can be more accurately

determined.

[0036] The foregoing description of the embodiments has been

provided for purposes of illustration and description. It is not intended to be

exhaustive or to limit the disclosure. Individual elements or features of a

particular embodiment are generally not limited to that particular embodiment,

but, where applicable, are interchangeable and can be used in a selected

embodiment, even if not specifically shown or described. The same may also be

varied in many ways. Such variations are not to be regarded as a departure from

the disclosure, and all such modifications are intended to be included within the

scope of the disclosure.



CLAIMS

What is claimed is:

A trackable biopsy needle assembly comprising:

an inner tube of an outer cannula defining a bore;

an inner dielectric layer secured onto an outer surface of the

tube;

a first coil, a second coil, and a third coil wound over the inner

dielectric layer;

an outer dielectric layer secured onto the first coil, the second coil,

and the third coil; and

an outer tube of the outer cannula fastened to the outer dielectric.

2 . The biopsy needle assembly of Claim 1, wherein the inner tube

and the outer tube are formed of steel, the inner tube defines a first inner

diameter and the outer tube defines a first outer diameter.

3 . The biopsy needle assembly of Claim 1, wherein the inner

dielectric and the outer dielectric are each secured with a heat shrink; and

wherein the outer tube of the outer cannula is fastened to the outer

dielectric layer with an adhesive.

4 . The biopsy needle assembly of Claim 1, wherein each of the first

coil, the second coil, and the third coil are wound into a first layer and a second

layer.

5 . The biopsy needle assembly of Claim 4 , wherein each first layer

and each second layer include about 340 coil winds.

6 . The biopsy needle assembly of Claim 1, wherein the first coil, the

second coil, and the third coil are each wound at an angle of about 55° relative to

a longitudinal axis of the outer cannula.



7 . The biopsy needle assembly of Claim 6 , wherein the first coil, the

second coil, and the third coil are each rotated at about 120° relative to one

another about the longitudinal axis.

8 . The biopsy needle assembly of Claim 1, wherein the first coil, the

second coil, and the third coil are spaced about 13.5 millimeters apart as

measured between center points of each of the first coil, the second coil, and the

third coil.

9 . The biopsy needle assembly of Claim 1, wherein the third coil is

spaced apart about 5.0 millimeters from a distal end of the inner tube.

10 . The biopsy needle assembly of Claim 1, further comprising a tip

defining an outer biopsy window, the tip fastened to a distal end of at least one of

the inner tube and the outer tube, the tip defining a second inner diameter that is

substantially the same as the first inner diameter and a second outer diameter

that is substantially the same as the first outer diameter.

11. The biopsy needle assembly of Claim 1, further comprising a tip

defining an outer biopsy window, a second inner diameter that is substantially

the same as the first inner diameter, and a second outer diameter that is

substantially the same as the first outer diameter;

wherein a proximal end of the tip is secured between the outer tube

and the inner tube.

12 . The biopsy needle assembly of Claim 11, wherein the tip is

secured with an over mold.

13 . The biopsy needle assembly of Claim 1, further comprising:

a first flexible circuit between the first coil and a proximal end of the

inner tube, the first coil is connected to the first flexible circuit with a first coil

lead, the first circuit is configured to be connected to a coil array controller of an

electromagnetic tracking system with a first cable lead;



a second flexible circuit between the first coil and the second coil,

the second coil is connected to the second flexible circuit with a second coil lead,

the second circuit is configured to be connected to the coil array controller with a

second cable lead; and

a third flexible circuit between the second coil and the third coil, the

third coil is connected to the third flexible circuit with a third coil lead, the third

circuit is configured to be connected to the coil array controller with a third cable

lead.

14 . The biopsy needle assembly of Claim 10 , further comprising an

inner cannula defining an inner biopsy window and configured to be received

within the bore defined by the inner tube such that the inner biopsy window is

aligned with the outer biopsy needle.

15 . A trackable biopsy needle assembly comprising:

an outer cannula including:

an outer cannula hub;

an outer tube extending from the outer cannula hub and

defining a first outer diameter;

an inner tube affixed to the outer tube, the inner tube

defining a bore and a first inner diameter; and

a plurality of conductive coils between the inner tube and the

outer tube for tracking a position of the biopsy needle assembly within a

magnetic field;

a tip extending from a distal end of the outer cannula, the tip

defining an outer biopsy window, a tip cavity aligned with the bore, a second

outer diameter that is substantially the same as the first outer diameter, and a

second inner diameter that is substantially the same as the first inner diameter;

and

an inner cannula including:

an inner cannula hub;

an inner cannula shaft extending from the inner cannula

hub; and



an inner biopsy window defined by the inner cannula shaft

proximate to an inner cannula shaft tip;

wherein the inner cannula shaft is sized to be received by the bore

of the outer cannula and the tip cavity of the tip such that the inner biopsy

window aligns with the outer biopsy window.

16 . The biopsy needle assembly of Claim 15 , wherein the plurality of

conductive coils include a first coil, a second coil, and a third coil each connected

to a first flexible circuit, a second flexible circuit, and a third flexible circuit

respectively; and

wherein each of the first coil, the second coil, and the third coil are

wound into a first layer including about 340 coil winds and a second layer

including about 340 coil winds.

17 . The biopsy needle assembly of Claim 16 , wherein the first coil, the

second coil, and the third coil are each wound at about 55° relative to a

longitudinal axis of the outer cannula;

wherein the third coil is spaced apart about 5.0 millimeters from a

distal end of the inner tube; and

wherein the first coil, the second coil, and the third coil are spaced

bout 13.5 millimeters apart as measured between center points of each of the

first coil, the second coil, and the third coil.

18 . A system for tracking a position of a trackable biopsy needle in a

patient space comprising:

an outer cannula of the biopsy needle including a first coil, a

second coil, and a third coil, each of which are between inner and outer tubes of

the outer cannula and angled relative to a longitudinal axis of the outer cannula;

an electromagnetic tracking system including a localizer to

generate an electromagnetic field for use in navigating the biopsy needle;

an imaging system that images a patient to provide image data;

and



a navigation controller for receiving tracked information from the

electromagnetic tracking system and the image data from the imaging system,

where the navigation controller is configured to display the position of the biopsy

needle on the image data.

19 . The system of Claim 18 , wherein the first coil, the second coil, and

the third coil are connected to the coil array controller with individual cable leads.

20. The system of Claim 18 , wherein the first coil, the second coil, and

the third coil are each wound into a first layer including about 340 coil winds and

a second layer including about 340 coil winds;

wherein the first coil, the second coil, and the third coil are each

wound at about 55° relative to the longitudinal axis of the outer cannula;

wherein the first coil, the second coil, and the third coil are each

rotated at about 120° relative to each other about the longitudinal axis; and

wherein the third coil is spaced apart about 5.0 millimeters from a

distal end of the outer cannula.
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