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SYSTEM AND METHOD FOR DETERMINING SHEATH LOCATION

FIELD

5 [0001] The present disclosure relates generally to surgical navigation

systems, and in particular to a system and method for determining a position or

location of a sheath within an anatomy.

BACKGROUND

0 [0002] The statements in this section merely provide background

information related to the present disclosure and may not constitute prior art.

[0003] The human anatomy includes many types of tissue that can

either voluntarily or involuntarily, perform certain functions. However, after

disease or injury, certain tissues may no longer operate within general

5 anatomical norms. For example, after disease, injury, age, or combinations

thereof, the heart muscle may begin to experience certain failures or

deficiencies. Some of these failures or deficiencies can be corrected or treated

with implantable medical devices (IMDs). These devices can include

implantable pulse generator (IPG) devices, pacemakers, implantable

0 cardioverter-defibrillator (ICD) devices, cardiac resynchronization therapy

defibrillator devices, or combinations thereof.

[0004] One of the main portions of the IMD can include a lead that is

directly connected to tissue to be affected by the IMD. The lead can include a tip

portion that is directly connected to the anatomical tissue, such as a muscle

5 bundle, and a lead body that connects to the device body or therapeutic driving

device. It is generally known that the device body or case portion can be

implanted in a selected portion of the anatomical structure, such as in a chest or

abdominal wall, and the lead can be inserted through various venous portions so

that the tip portion can be positioned at the selected position near or in the

0 muscle group.

[0005] The IMDs are implantable devices that may require the use of

imaging devices for implantation. The imaging devices can include fluoroscopes
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that expose a patient and a surgeon to ionizing radiation. In addition, the use of

the imaging device can require time for acquiring image data and understanding

the images from the image data.

5 SUMMARY

[0006] A position sensing unit (PSU) system is operable to map and

illustrate mapped and saved points. The system can determine the location of

an electrode by generating a voltage in a patient and calculating an impedance

at the electrode. The calculated impedance is used to determine the position of

0 the electrode as in a patient or other appropriate conducting medium.

[0007] The saved points may be used to create a map determined with

the electrode that can be used to determine a location of a later positioned

electrode. The electrode positioned in the anatomy can include a navigation

catheter, pacing lead, etc.. The map generated with the PSU can be used to

5 guide or navigate a lead to a selected location without external imaging devices.

Generally, the navigation catheter or pacing lead can be inserted into the

anatomy, via a sheath.

[0008] A system for determining a location of an instrument within an

anatomy is provided. The system can include a first instrument navigable within

0 the anatomy, which can define at least one lumen. The first instrument can

include a proximal end and a distal end. The system can further include a

second instrument, which can be received through the at least one lumen and

navigable within the anatomy relative to the first instrument. The system can

include at least one electrode, which can be coupled to the distal end of the first

5 instrument. The at least one electrode can be responsive to electrical activity to

generate at least one signal. The system can include a sensing unit, which can

be in contact with the anatomy to sense electrical activity within the anatomy at a

location near the instrument. The sensing unit can be in communication with the

at least one electrode to receive the at least one signal. The system can further

0 include a control module that can determine, based on the sensed electrical

activity and the at least one signal, the location of the first instrument. The at
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least one electrode can be slittable so that the first instrument can be removed

from about the second instrument.

[0009] In one example, a system for determining a location of an

instrument within an anatomy can be provided. The system can include a first

5 electrode patch in contact with the anatomy. The system can further include a

second electrode patch in contact with the anatomy and spaced apart from the

first electrode patch. The system can include a first instrument, which can be

navigable within the anatomy relative to the first electrode patch and the second

electrode patch. The first instrument can define at least one lumen, and can

0 include a distal end. The system can further include a second instrument, which

can be received through the at least one lumen. The second instrument can be

navigable within the anatomy relative to the first instrument, the first electrode

patch and the second electrode patch. The system can include at least one

electrode coupled to the distal end of the first instrument. The at least one

5 electrode can be responsive to electrical activity to generate at least one signal.

The system can further include a sensing unit, which can be in communication

with the first electrode patch and the second electrode patch to generate

voltages between the first electrode patch and the second electrode patch. The

sensing unit can also be in communication with the at least one electrode of the

0 first instrument to receive the at least one signal. The sensing unit can

determine at least one impedance of the at least one electrode of the first

instrument based on the at least one signal. The system can also include a

control module that can determine, based on the at least one impedance of the

at least one electrode of the first instrument, the location of the first instrument

5 within the anatomy.

[0010] According to various examples, a method can be provided for

determining a location of an instrument within an anatomy. The method can

include providing a first instrument that includes at least one lumen. The method

can include inserting a second instrument into the at least one lumen. The

0 method can further include inserting the second instrument and at least a portion

of the first instrument into the anatomy. The method can also include sensing

electrical activity within the anatomy near the portion of the first instrument. The
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method can include determining, based on the sensed electrical activity, the

location of the first instrument. The method can also include slitting the at least

one electrode to remove the first instrument from the anatomy without removing

the second instrument.

5 [001 1] Further areas of applicability will become apparent from the

description provided herein. It should be understood that the description and

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

intended to limit the scope of the present disclosure.

0 DRAWINGS

[0012] The drawings described herein are for illustration purposes only

and are not intended to limit the scope of the present disclosure in any way.

[0013] Fig. 1 is an environmental view of a mapping or navigation

system;

5 [0014] Fig. 2 is a detailed view of a position sensing unit, according to

various embodiments;

[0015] Fig. 3 is a schematic environmental view of a display device

displaying exemplary data generated by the navigation system of Fig. 1;

[0016] Fig. 4 is a detail view of an exemplary navigation catheter and

0 exemplary sheath for use with the navigation system of Fig. 1;

[0017] Fig. 5 is a detail side view of an exemplary electrode for use

with the sheath of Fig. 4 ;

[0018] Fig. 6 is a detail side view of an exemplary electrode for use

with the sheath of Fig. 4 ;

5 [0019] Fig. 7 is a cross-sectional schematic illustration of the electrode

of Fig. 6 , taken along line 7-7 in Fig. 6 ;

[0020] Fig. 8 is a simplified block diagram illustrating a navigation

system for sheath detection;

[0021] Fig. 9 is a dataflow diagram that illustrates a control system

0 performed by a control module associated with the navigation system of Fig. 8 ;

and
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[0022] Fig. 10 is an exemplary flowchart diagram that illustrates one of

various control methods performed by the control module of Fig. 9 .

5 DETAILED DESCRIPTION

[0023] The following description is merely exemplary in nature and is

not intended to limit the present disclosure, application, or uses. It should be

understood that throughout the drawings, corresponding reference numerals

indicate like or corresponding parts and features. As indicated above, the

0 present teachings are directed towards providing a system and method for

determining a location or position of a sheath. It should be noted, however, that

the present teachings could be applicable to any appropriate procedure in which

it is desirable to determine a position of an instrument within an anatomy.

Further, as used herein, the term "module" can refer to an application specific

5 integrated circuit (ASIC), an electronic circuit, a processor (shared, dedicated, or

group) and memory that executes one or more software or firmware programs, a

combinational logic circuit, and/or other suitable hardware or software, firmware

programs or components that provide the described functionality. Therefore, it

will be understood that the following discussions are not intended to limit the

0 scope of the appended claims.

[0024] As discussed herein, a navigation system, such as the

navigation system 20 illustrated in Fig. 1, can be used to navigate a procedure

relative to a patient 26. As discussed in detail herein, various instruments can

be moved relative to the patient 26 and tracked relative to the patient 26.

5 Although an image-guided system can include acquiring image data of the

patient 26, such as with an imaging device 28, such an imaging device is not

required, as discussed herein. A portion of the patients' anatomy can be

mapped by identifying a plurality of points within the patient by determining a

relative location of an instrument. The plurality of points can be illustrated

0 individually, sequentially, or a surface can be illustrated over or without the

plurality of points to illustrate or identify a portion of the anatomy of the patient

26. Once the map has been created of the patient or a portion of the patient,
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either with or without a surface rendered relative to the individual points, a

procedure can be guided or navigated using the map or point data. The point or

map data 90 can be generated without any additional imaging information, such

as image data that can be acquired with a fluoroscopic system, MRI Imaging

5 System, computed tomography (CT) Imaging System, or other imaging systems.

[0025] With reference to Fig. 1, the exemplary mapping or navigation

system 20 is illustrated. The navigation system 20 can be operated by the user

22 with an instrument 24 to map a selected space, such as a portion of the

patient 26. The instrument 24 can also be navigated relative to the patient 26.

0 The instrument 24 can be moved relative to the patient 26 for various

procedures, including lead placement relative to the heart, mapping of the heart,

mapping of a selected organ of the patient 26, or guiding or navigating the

instrument 24 relative to any appropriate portion of the patient 26. Generally, the

instrument 24 can comprise any suitable instrument for use with an anatomy,

5 such as a catheter, balloon catheter, mapping catheter, basket catheter, guide

wire, arthroscopic system, cardiac lead, orthopedic implant, spinal implant, deep-

brain stimulator (DBS) probe, microelectrode recorder probe, macroelectrode

stimulation probe, etc.

[0026] The navigation system 20 can include various components,

0 such as an optional imaging device 28. The optional imaging device 28 can

include a fluoroscope, such as a fluoroscope configured as a C-arm. The C-arm

fluoroscope can include an imaging section 30 and an x-ray emitting section 32.

The imaging device 28 can be controlled by a controller 34. Images acquired

with the imaging device 28 can be displayed on a display 35 that is associated

5 with the imaging device 28, or could be displayed on the display 58. Thus, it will

be understood, that a separate display 35 is not required. In addition, if the

imaging device 28 is an x-ray imaging device any radio-opaque portions will

appear as a part of the image when viewed, including the instrument 24.

[0027] The controller 34 can control the imaging device 28 and can

0 store images generated with the imaging device 28 or transmit data or receive

instructions via a data transmission or communication line 36 to or from a

processor and/or memory, such as one that may be included in a workstation 38.
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While the optional imaging device 28 illustrated here is a fluoroscopic c-arm

other imaging devices, such as CT, MRI, ultrasound, etc., can also be employed.

Moreover, it will be understood that the communication line 36 can be any

appropriate communication line such as a wired communication line, a wireless

5 communication system, or any other data transfer mechanism.

[0028] The navigation system 20 can further include a Position

Sensing Unit (PSU) 40, as illustrated in Fig. 2 . The PSU 40 can include an

impedance or Electrical Potential (EP) system. The PSU 40 can be the

LocaLisa® Intracardiac Navigation System, which was commercially available

0 from Medtronic, Inc. of Minneapolis, Minnesota, USA. The PSU 40 can also be

that disclosed in U.S. Patent Numbers 5,697,377 or 5,983,1 26 to Wittkampf,

incorporated herein by reference. The PSU 40 can include a control or driving

unit 42 that includes one or more input or output connectors 44 to interconnect

with one or more current conducting electrode or drive patches, which can be

5 generally identified by reference numerals 46, 48 and 50. The electrode or drive

patches 46, 48, 50 can be connected directly to the patient 26. As an example,

the LocaLisa® device can be used to generate the current in the patient 26. In

one example, the drive patches 46, 48, 50 can include three drive patches 46,

48, 50 which can create three substantially orthogonal voltage or current axes x ,

0 y, z within the patient 26.

[0029] In this regard, for example, a first y-axis drive patch 46a and a

second y-axis drive patch 46b can be interconnected with the patient 26 to form

a y-axis (such as an axis that is generally superior-inferior of a patient) with a

conductive path such that the conducted current establishes a voltage potential

5 gradient substantially along this axis and between the drive patches 46a and

46b. A related y-axis current flows from the first y-axis drive patch 46a to the

second y-axis drive patch 46b substantially along the y-axis. Likewise, a first x-

axis drive patch 48a and a second x-axis drive patch 48b can be connected with

the patient 26 to create a x-axis (such as an axis that is generally medial-lateral

0 of a patient) with a voltage gradient substantially along the x-axis between the

drive patches 48a and 48b and a corresponding x-axis current. Finally, a first z-

axis drive patch 50a and a second z-axis drive patch 50b can be connected with
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a patient 26 to create a z-axis (such as an axis that is generally anterior-posterior

of a patient) with a voltage potential gradient substantially along the z-axis

between the drive patches 50a and 50b with a corresponding z-axis current.

[0030] The three axes x , y, z are generally formed to have an origin or

5 area of interest that the common intersection or origin of each of the axes x , y, z .

Accordingly, the drive patches 46, 48, 50 can be positioned on the patient 26 to

achieve the selected placement of the axes x , y, z relative to the patient 26.

Each of the drive patches 46a - 50b can be interconnected with the PSU

input/output (I/O) box 42, via a wire connection or other appropriate connection

0 at the connectors 44.

[0031] The current applied between the related patches generate a

small current, (about 1 microampere to about 100 milliamperes), in the patient

along the axis between the respective patch pairs. The induced current can be

of a different frequency for each of the related patch pairs to allow for

5 distinguishing which axis x , y, z is being measured. The current induced in the

patient 26 will generate a voltage gradient across different portions, such as a

heart 80, that can be measured with an electrode, as discussed in further detail

herein.

[0032] The sensed voltage can be used to identify a position along an

0 axis (whereby each axis can be identified by the particular frequency of the

current being measured) to generally determine a position of an electrode along

each of the three axes x , y, z . Although a voltage can be sensed, an impedance

can also be calculated or measured to determine a location in a similar manner.

It will be understood, that a sensing of voltage will not eliminate other possible

5 measurements for position determination, unless specifically indicated. As

discussed further herein, the position of the electrode with respect to each of the

three axes x , y, z can be used as map data 90 to be illustrated on the display 58.

Electrodes within the patient 26 and reference electrode patches 52 are

interconnected with the PSU I/O box 42 such that the signals are processed by

0 high impedance circuitry so as to not load and distort the sensed signals.

[0033] In addition, one or more electrode or reference patches or

reference electrode patches 52 can be interconnected with the patient 26 for
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reference of guiding or mapping with the instrument 24 relative to the patient 26.

The reference electrode patches 52 can include a first reference electrode patch

52a and a second reference electrode patch 52b. The placement of the

reference electrode patches 52a, 52b can be any appropriate position on the

5 patient 26. For example, the first reference electrode patch 52a can be

positioned substantially over the xiphoid process on the skin of the patient 26

directly exterior to the xiphoid process of the patient 26. The second reference

electrode patch 52b can be positioned substantially directly across from the first

reference electrode patch 52a on a dorsal surface of the patient 26. By

0 positioning the reference electrode patch 52a at this location, the reference

electrode patch 52a has relatively little motion with respect to the heart. The

placement of the reference electrode patches 52a,b at these locations, can

enable respiration of the patient 26 to be monitored by measuring the relative

voltage or impedance difference between the two reference electrode patches

5 52a, 52b using the PSU 40.

[0034] In addition to reference electrode patches 52a, 52b being

positioned on or near a xiphoid process of a patient, additional various reference

patches or reference electrode patches can be positioned at other locations on

the patient 26.

0 [0035] With reference to Fig. 1, the PSU I/O box 42 can be

interconnected with the workstation 38, via a connection or data transfer system

56. The data transfer system 56 can include a wire transmission, wireless

transmission, or any appropriate transmission. The data transfer system 56 can

transmit signals 92, which can be analog or digital signals, regarding voltages

5 sensed by the reference electrode patches 52a, 52b and signals 199, which can

be analog or digital signals, regarding voltages sensed by electrodes on the

instrument 24, as will be discussed herein. The workstation 38 can use the

signals 92, 199 to determine a relative location of the instrument 24 and to

display the determined relative location on the display 58 as instrument position

0 data 201 (Fig. 3).

[0036] With continuing reference to Fig. 1, the display 58 can be

integral with or separate from the workstation 38. In addition, various
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interconnected or cooperating processors and/or memory can be provided to

process various information, each may be a part of the workstation 38 or

separate therefrom. In one example, the workstation 38 can include one or more

processors and one or more data storage devices. As can be appreciated, the

5 processors can comprise one or more processing elements capable of

implementing a control module 200. At least one of the data storage devices

can store one or more instructions contained in a control system associated with

the control module 200. In one example, the data storage device can be at least

one of random access memory (RAM), read only memory (ROM), a cache, a

0 stack, or the like, which may temporarily or permanently store electronic data.

As will be discussed, the control module 200 can receive the signals 92 from the

reference electrode patches 52 and the signals 199 from the instrument 24 to

determine the position of the instrument 24, and display the determined positions

or other data on the display 58.

5 [0037] The navigation system 20 can further include user input or data

input devices such as a keyboard 60, a joystick 62, or a foot pedal 64. Each of

the input devices, 60-64 can be interconnected with the workstation 38 or

appropriate systems for inputting information or data into the workstation 38.

This information or data can include identifying appropriate information, as

0 discussed further herein, such as various components, or anatomic regions.

[0038] The instrument 24 can include an electrode, as discussed

further herein, which is able to sense the voltage generated within the patient 26

due to the drive patches 46a - 50b positioned on the patient 26. The sensed

voltage can be used to calculate an impedance of the tissue in the patient 26

5 based upon the voltage potential gradient generated between the respective

pairs of drive patches 46a-50b and the corresponding current. Generally, the

current is carried due to an electrolyte in the patient 26, such as blood, interstitial

fluid, etc. within a heart 80 and body of the patient 26. The calculated

impedance or sensed voltage can be used to determine a location of the

0 electrode of the instrument 24 relative to a selected reference, such as reference

electrode patch 52a or 52b.
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[0039] With reference to Fig. 4 , according to various embodiments,

one or more instruments 24 can be used with the PSU 40, such as a mapping or

navigation catheter 100, which can be passed through a deflectable sheath 102.

As the navigation catheter 100 can comprise any suitable navigation catheter

5 100 known in the art, such as a Swan-Ganz Balloon Catheter System sold by

Edwards Lifesciences, the navigation catheter 100 will not be discussed in great

detail herein. Briefly, however, the navigation catheter 100 can include various

portions, such as an expandable, inflatable or balloon portion 106, a catheter

108 that can define a lumen 110 and one or more electrodes 112 .

0 [0040] The balloon portion 106 can be formed at a distal end 114 of

the catheter 108. The balloon portion 106, when inflated, can act as a stop when

the navigation catheter 100 is being moved through the heart 80 or other

anatomical portion. The balloon portion 106 can be inflated or deflated as

selected by the user 22. For example, the inflation of the balloon portion 106

5 can be performed in any appropriate manner such as directing a fluid, such as a

liquid or gas, through the lumen 110 .

[0041] The electrodes 112 can include a first or tip electrode 112a and

a second or ring electrode 112b. The tip electrode 112a can be coupled to a

distal end 108a of the catheter 108, while the ring electrode 112b can be

0 provided on a proximal end 106a of the balloon portion 106. The electrodes 112

can be used to sense voltages within the patient 26 when the navigation catheter

100 is positioned within the patient 26 and the drive patches 46-50 are active or

being driven. In this regard, with reference to Fig. 1, the electrodes 112 can

sense voltages produced within the patient 26 by the drive patches 46-50, which

5 can be transmitted to the PSU 40 as a signal 89. Various conductors can be

used to transfer the sensed voltages from the electrodes 112 to the PSU I/O box

42. From the sensed voltages, the PSU 40 can calculate impedances to

determine a position of the navigation catheter 100 within the anatomy. With

reference to Fig. 3 , the position of the navigation catheter 100 can be displayed

0 as an icon 100i on the display 58. Note that the icon 100i can be superimposed

on the map data 90 illustrated on the display 58. The navigation catheter 100
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can be moved relative to the patient 26 in any appropriate manner, such as with

the sheath 102.

[0042] With further reference to Fig. 4 , the sheath 102 can define a

throughbore or lumen 120, which can receive the navigation catheter 100. The

5 sheath 102 can be used by the user 22 to direct or guide the navigation catheter

100 within the anatomy, and can also be used to direct or guide a lead for use

with an IMD within the anatomy. The sheath 102 can be composed of a suitable

deflectable material, such as a biocompatible polymer, and can include a

proximal end 122, a steering mechanism 124 and a distal end 126. The

0 proximal end 122 of the sheath 102 can generally extend outside of the

anatomy, and can be configured to enable the user 22 to manipulate and direct

the sheath 102 within the anatomy.

[0043] The steering mechanism 124, in one example, can comprise a

pull wire 124a, which can be coupled to an interior surface 120a of the lumen

5 120 near the distal end 126. In one example, the pull wire 124a could be

coupled to an electrode 130 and could serve as a conductor for the electrode

130. As is generally known, the pull wire 124a can be manipulated or pulled by

the user to curve or bend the distal end 126 of the sheath 102. This can enable

the distal end 126 of the sheath 102 to navigate the curvatures within the

0 anatomy and to direct the exit of an instrument from the lumen 120.

[0044] With reference to Fig. 4 , the distal end 126 of the sheath 102

can include one or more electrodes 130. In one example, the sheath 102 can

include two electrodes 130, and in one example, the sheath 102 can include four

electrodes 130. The use of at least two electrodes 130 can enable the PSU 40

5 to determine a position of the distal end 126 of the sheath 102 based on voltages

sensed by the electrodes 130. In this regard, the electrodes 130 can be used to

sense voltages within the patient 26 when the sheath 102 is positioned within the

patient 26 and the drive patches 46-50 are active or being driven. The

electrodes 130 can sense voltages produced within the patient 26 by the drive

0 patches 46-50, and from the sensed voltages impedances can be calculated by

the PSU 40 to determine a position of the sheath 102. Various conductors can

be used to transfer the sensed voltages from the electrodes 130 to the PSU I/O



Attorney Docket No. 5074D-062POA
Medtronic No. P0028275.00

box 42. With reference to Fig. 3 , the position of the distal end 126 of the sheath

102 can be displayed on the display 58 as an icon 102i. Note that the icon 102i

can be superimposed on the map data 90 illustrated on the display 58.

[0045] The sheath 102 can be used to insert various instruments into

5 the anatomy, and in one example, can be used to guide a lead into the anatomy.

Due to the size of a connector on the proximal end of the lead, it can be

desirable to cut or slit the sheath 102 after the lead has been properly positioned

in the anatomy. In order to slit the sheath 102, the electrodes 130 can be

slittable.

0 [0046] In one example, with reference to Fig. 5 , at least one of the

electrodes 130 can comprise an electrode 130a, which can comprise a metal

portion, such as a metal electrode 132, which can be coupled to a conductive

polymer band 134. The metal electrode 132 can have any desired shape, but

can generally be shaped and sized such that the metal electrode 132 does not

5 extend completely around or about the circumference of the sheath 102. For

example, the metal electrode 132 can comprise a triangular shape, which can be

positioned to guide a cutting tool to the side of the metal electrode 132, but the

metal electrode 132 could comprise any suitable shape, such as a trapezoid,

rectangle, square, oval, diamond, etc. The metal electrode 132 can be coupled

0 to the PSU 40 via a suitable connector 132a. It should be noted that the

connector 132a can also comprise the pull wire 124a, if desired. The metal band

136 can be coupled to and in communication with the conductive polymer band

134.

[0047] The conductive polymer band 134 can be coupled to the metal

5 electrode 132 such that the electrode 130 can circumscribe the sheath 102.

Thus, the size of the metal electrode 132 can influence the size of the polymer

band 134. In one example, the metal electrode 132 can be embedded in the

polymer band 134, however, it should be understood that the metal electrode

132 can be coupled adjacent to and not embedded within the polymer band 134.

0 The polymer band 134 can be composed of any suitable conductive polymeric

material, such as a silicon-based conductive polymeric material, and can



Attorney Docket No. 5074D-062POA
Medtronic No. P0028275.00

cooperate with the metal electrode 132 to sense a voltage within the patient 26

uniformly about the circumference of the sheath 102.

[0048] In one of various examples, with reference to Figs. 6 and 7 , at

least one of the electrodes 130 on the sheath 102 can comprise an electrode

5 130b, which can include a metal portion, such as a metal band 136 and a

conductive polymer band 138. It should be noted that the electrodes 130 on the

sheath 102 can comprise any desired combinations of the electrodes 130a and

130b. The metal band 136 can in one example comprise a gold (Au) metal

band, however, the metal band 136 can comprise any conductive metal or metal

0 alloy that can be easily slit with a cutting device. The metal band 136, in one

example, can be positioned within the sheath 102, such that the metal band 136

is adjacent to an interior surface 139 of the sheath 102. The metal band 136 can

be coupled to the PSU 40 via a suitable connector 136a. It should be noted that

the connector 136a can also comprise the pull wire 124a, if desired. The metal

5 band 136 can also be coupled to and in communication with the conductive

polymer band 138 via a bore 140 defined through the sheath 102.

[0049] In this regard, with reference to Fig. 7 , the conductive polymer

band 138 can be formed about the circumference of the sheath 102, and

generally, can be formed about an exterior surface 142 of the sheath 102 at

0 about the same location as the metal band 136, such that the metal band 136

and conductive polymer band 138 are concentric about the sheath 102. The

conductive polymer band 138 can be formed over the bore 140, so that during

the forming of the conductive polymer band 138, at least a portion 138a of the

conductive polymer can flow through the bore 140 to contact the metal band

5 136. The portion 138a of the conductive polymer within the bore 140 can enable

electrical communication between the metal band 136 and the conductive

polymer band 138. The conductive polymer band 138 can comprise any suitable

conductive polymeric material, such as a silicon-based conductive polymeric

material, however any suitable conductive polymeric material could be

0 employed.

[0050] With reference to Fig. 4 , the electrodes 130 can sense voltages

produced within the patient 26 by the drive patches 46-50, which can be output
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as a signal 199, and from the sensed voltages impedances can be calculated by

the PSU 40 to determine a position of the sheath 102. With reference to Fig. 8 ,

a simplified block diagram schematically illustrates an exemplary navigation

system 20 for implementing the control module 200. The navigation system 20

5 can include the instrument 24, which in one example can comprise the

navigation catheter 100 having the electrodes 112 , and the sheath 102 having

the electrodes 130. The navigation system 20 can also comprise the drive

patches 46, 48, 50, the reference electrodes 52, the PSU 40, which can include

the PSU I/O box 42, the display 58 and the workstation 38, which can implement

0 the control module 200.

[0051] In one example, the PSU 40, via the PSU I/O box 42, can

transmit a voltage 98 to the drive patches 46, which can create voltages in the

patient 26. The electrodes 130 of the sheath 102 can transmit a signal 199 to

the PSU I/O box 42, which can comprise the voltages sensed by the electrodes

5 130. Based on the voltages sensed by the electrodes 130, the control module

200 can determine a position of the sheath 102 within the anatomy. The

electrodes 112 of the navigation catheter 100 can sense the voltages within the

patient 26, and can transmit this data as the signal 89 to the PSU I/O box 42.

Based on the sensed voltages, the PSU 40 can determine a position or location

0 of the navigation catheter 100 within the anatomy.

[0052] The reference electrodes 52 can sense the voltages generated

by the drive patches 46, 48, 50, and can transmit these sensed voltages as a

signal 10 1 to the PSU I/O box 42. The signals 89, 199, 10 1 received by the PSU

I/O box 42 can be transmitted to the workstation 38 as the signal 56, which can

5 be received as input by the control module 200. Based on the data in the signal

56, the control module 200 can determine the position of the sheath 102 relative

to the navigation catheter 100, and can output this data as instrument position

data 201 for the display 58. The instrument position data 201 can comprise the

icons 100i, 102i, which can indicate the position of the navigation catheter 100

0 and sheath 102 within the anatomy. The control module 200 can also output the

map data 90 to the display 58. The instrument position data 201 can be

superimposed on the map data 90, if desired.
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[0053] In this regard, with reference to Fig. 9 , a dataflow diagram

illustrates the control system that can be embedded within the control module

200. Various embodiments of the control system according to the present

disclosure can include any number of sub-modules embedded within the control

5 module 200. The sub-modules shown may be combined and/or further

partitioned to similarly determine a position of the navigation catheter 100 and

the sheath 102. In various embodiments, the control module 200 can include a

PSU control module 202 and a navigation control module 204.

[0054] The PSU control module 202 can receive as input sheath data

0 206, navigation catheter data 208 and reference data 2 10 . The sheath data 206

can comprise the voltages sensed by the electrodes 130 of the sheath 102 or the

data provided by signal 199. The navigation catheter data 208 can comprise the

voltages sensed by the electrodes 112 of the navigation catheter 100, which can

comprise the data from the signal 89. The reference data 2 10 can comprise the

5 voltages sensed by the reference electrode patches 52a, 52b, which can

comprise the data from the signal 10 1 . The PSU control module 202 can also

receive start-up data 2 12 as input. The start-up data 2 12 can comprise a signal

to activate the PSU 40.

[0055] Based on the start-up data 2 12 , the PSU 40 can output drive

0 data 2 14 . The drive data 2 14 can comprise a signal, which can drive the drive

patches 46, 48, 50. Based on the sheath data 206, the navigation catheter data

208 and the reference data 2 10 , the PSU control module 202 can set position

data 2 16 for the navigation control module 204. The position data 2 16 can

comprise data indicative of the position of the sheath 102 within the anatomy,

5 and the position of the navigation catheter 100 relative to the reference

electrodes 52. The position of the sheath 102 can be determined based on the

impedances of the electrodes 130 of the sheath 102, which can be determined

from the voltages sensed by the electrodes 130 of the sheath 102.

[0056] The navigation control module 204 can receive as input the

0 position data 2 16 . Based on the position data 2 16 , the navigation control

module 204 can output the map data 90, and instrument position data 201 . The

instrument position data 201 can comprise the icon 100i, which can graphically
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represent the position of the navigation catheter 100 and/or the icon 102i, which

can graphically represent the position of the sheath 102. The navigation control

module 204 can also set the start-up data 2 12 for the PSU control module 202,

based upon receipt of an input, such as a user input from one of the user input

5 devices 60-64.

[0057] With reference now to Fig. 10 , a flowchart diagram illustrates an

exemplary method performed by the control module 200. At block 300, the

method can determine if start-up data 2 12 has been received. If start-up data

2 12 has been received, then the method can go to block 302. Otherwise, the

0 method can loop.

[0058] At block 302, the method can output the drive data 2 14 to drive

the drive patches 46, 48, 50. At block 304, the method can determine

impedances of the reference electrodes 52, based on the reference data 2 10 . At

block 306, the method can determine impedances of the electrodes 130 of the

5 sheath 102, based on the sheath data 206. At block 308, the method can

determine impedances of the electrodes 112 of the navigation catheter 100,

based on the navigation catheter data 208. At block 3 10 , the method can

determine a position of the navigation catheter 100, given the impedances of the

electrodes 112 of the navigation catheter 100 and the impedances of the

0 reference electrodes 52.

[0059] At block 3 12 , the method can determine a position of the sheath

102, given the impedances of the electrodes 130 of the sheath 102 and the

impedances of the reference electrodes 52. At block 3 14 , the method can output

the map data 90 and the instrument position data 201 to the display 58. At block

5 3 18 , the method can determine if a shut-down request was received. If a shut

down request was not received, then the method can go to block 302.

[0060] Thus, the navigation system 20 can provide a passive means

for determining a location or position of the sheath 102 within the anatomy. In

this regard, by sensing the impedances of the electrodes 130 of the sheath 102,

0 the navigation system 20 can determine the position of the sheath 102 within the

anatomy. This can enable the user 22 to know where the sheath 102 relative to

other instruments in the anatomy, such as the navigation catheter 100. This can
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provide the user 22 with better situational awareness of the position of the

sheath 102 relative to the navigation catheter 100, which can enable the user 22

to more effectively manipulate the navigation catheter 100 via the sheath 102. In

addition, knowing the position of the sheath 102 within the anatomy may enable

5 the user 22 to perform a mapping procedure faster.

[0061] While specific examples have been described in the

specification and illustrated in the drawings, it will be understood by those of

ordinary skill in the art that various changes may be made and equivalents may

be substituted for elements thereof without departing from the scope of the

0 present disclosure. Furthermore, the mixing and matching of features, elements

and/or functions between various examples is expressly contemplated herein so

that one of ordinary skill in the art would appreciate from this disclosure that

features, elements and/or functions of one example may be incorporated into

another example as appropriate, unless described otherwise, above. Moreover,

5 many modifications may be made to adapt a particular situation or material to the

teachings of the present disclosure without departing from the essential scope

thereof. Therefore, it is intended that the present disclosure not be limited to the

particular examples illustrated by the drawings and described in the specification

as the best mode presently contemplated for carrying out this disclosure, but that

0 the scope of the present disclosure will include any embodiments falling within

the foregoing description.

[0062] For example, while the position of the sheath 102 has been

described as being determined based on a sensed voltage of the electrodes 130,

the sheath 102 may be constructed somewhat differently. In this regard, at least

5 one tracking device, such as an electromagnetic coil, could be coupled at or near

the distal end 126 of the sheath 102. Then, a suitable navigation system could

be used to determine a position of the sheath 102, such as the StealthStation®

AXI EM™ Electromagnetic Tracking System, commercially available from

Medtronic, Inc. of Minneapolis, Minnesota, USA, or the navigation system

0 described in commonly assigned U.S. Serial No. 12/1 15,907, filed on May 6 ,

2008, which is incorporated herein by reference.
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CLAIMS

What is claimed is:

1. A system for determining a location of an instrument within an

5 anatomy comprising:

a first instrument navigable within the anatomy that defines at

least one lumen, and includes a proximal end and a distal end;

a second instrument received through the at least one lumen

and navigable within the anatomy relative to the first instrument;

0 at least one electrode coupled to the distal end of the first

instrument, the at least one electrode responsive to electrical activity to generate

at least one signal;

a sensing unit in contact with the anatomy to sense electrical

activity within the anatomy at a location near the instrument, the sensing unit in

5 communication with the at least one electrode to receive the at least one signal;

a control module that determines, based on the sensed

electrical activity and the at least one signal, the location of the first instrument;

and

wherein the at least one electrode is slittable so that the first instrument

0 can be removed from about the second instrument.

2 . The system of Claim 1, further comprising:

a first drive patch in contact with the anatomy; and

a second drive patch in contact with the anatomy and spaced

5 apart from the first drive patch, the first drive patch and the second drive patch

positioned at or near the location.

3 . The system of Claim 2 , further comprising:

a first reference patch in contact with the anatomy and spaced apart from

0 the first drive patch and the second drive patch; and

a second reference patch in contact with the anatomy and

spaced apart from the first drive patch, the second drive patch and the first



Attorney Docket No. 5074D-062POA
Medtronic No. P0028275.00

reference patch, the first reference patch and the second reference patch

positioned at or near the location.

4 . The system of Claim 3 , wherein the sensing unit generates a

5 voltage between the first drive patch and the second drive patch and the sensed

electrical activity comprises voltages sensed between the first reference patch

and the second reference patch.

5 . The system of Claim 4 , wherein the at least one electrode of the

0 first instrument is responsive to the voltages between the first drive patch,

second drive patch, and the at least one signal from the at least one electrode

comprises at least one voltage sensed by the at least one electrode.

6 . The system of Claim 5 , wherein based on the sensed electrical

5 activity between the first drive patch and the second drive patch and the at least

one signal from the at least one electrode, the control module determines at

least one impedance of the at least one electrode of the first instrument.

7 . The system of Claim 6 , the control module determines a

0 position of the second instrument relative to the anatomy based on the at least

one impedance of the at least one electrode of the first instrument.

8 . The system of Claim 4 , wherein the second instrument further

comprises:

5 at least one second instrument electrode at a distal end, the at least one

second instrument electrode responsive to the voltage to generate at least one

second instrument signal that indicates at least one voltage sensed by the at

least one second instrument electrode; and

wherein the sensing unit is in communication with the at least one second

0 instrument electrode to receive the at least one second instrument electrode

signal, and based on the sensed electrical activity and the at least one second
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instrument signal, the control module determines at least one impedance of the

at least one second instrument electrode of the second instrument.

9 . The system of Claim 8 , wherein the control module determines

5 a position of the first instrument relative to the anatomy based on the at least one

impedance of the at least one second instrument electrode of the second

instrument.

10 . The system of Claim 9 , wherein the control module determines

0 a position of the first instrument relative to the second instrument.

11. The system of Claim 10 , further comprising a display that

displays the position of the first instrument relative to the second instrument.

5 12 . The system of Claim 1, wherein the first instrument further

comprises at least one pull wire, which is coupled near the distal end of the first

instrument and extends to the proximal end of the instrument to enable

deflection of the distal end of the first instrument by manipulating the at least one

pull wire at the proximal end.

0

13 . The system of Claim 1, wherein the second instrument

comprises a catheter, balloon catheter, mapping catheter, basket catheter, guide

wire, arthroscopic system, cardiac lead, implant or combinations thereof.

5 14 . A system for determining a location of an instrument within an

anatomy comprising:

a first electrode patch in contact with the anatomy;

a second electrode patch in contact with the anatomy and

spaced apart from the first electrode patch;

0 a first instrument navigable within the anatomy relative to the first

electrode patch and the second electrode patch that defines at least one lumen,

and includes a distal end;
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a second instrument received through the at least one lumen

and navigable within the anatomy relative to the first instrument, the first

electrode patch and the second electrode patch;

at least one electrode coupled to the distal end of the first

5 instrument, the at least one electrode responsive to electrical activity to generate

at least one signal;

a sensing unit in communication with the first electrode patch and the

second electrode patch to generate voltages between the first electrode patch

and the second electrode patch, the sensing unit in communication with the at

0 least one electrode of the first instrument to receive the at least one signal and to

determine at least one impedance of the at least one electrode of the first

instrument based on the at least one signal; and

a control module that determines, based on the at least one

impedance of the at least one electrode of the first instrument, the location of the

5 first instrument within the anatomy.

15 . The system of Claim 14 , wherein the at least one electrode

further comprises:

a metal portion that is in communication with the sensing unit;

0 and

a conductive polymeric band coupled to the metal portion, the

conductive polymeric band coupled about a circumference of the first instrument.

16 . The system of Claim 15 , wherein the metal portion comprises a

5 metal electrode that does not circumscribe the circumference of the first

instrument.

17 . The system of Claim 15 , wherein the metal portion comprises a

band that circumscribes the circumference of the first instrument, the band able

0 to be slit with a cutting member.
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18 . The system of Claim 14 , wherein the at least one electrode is

able to be slit so that the first instrument can be removed without removing the

second instrument.

5 19 . The system of Claim 16 , wherein the metal electrode has a

shape adapted to direct a cutting instrument, the shape selected from the group

comprising a triangle, diamond, trapezoid, oval, circle, rectangle and a polygon.

20. The system of Claim 17 , wherein the metal band is positioned

0 within the first instrument, the conductive polymeric band is formed about an

exterior of the first instrument and the first instrument defines a bore, which

receives a portion of the conductive polymeric band to enable electrical

communication between the metal band and the conductive polymeric band.

5 2 1 . The system of Claim 20, wherein the metal band and

conductive polymeric band are concentric about the first instrument.

22. A method for determining a location of an instrument within an

anatomy comprising:

0 providing a first instrument that includes at least one lumen;

inserting a second instrument into the at least one lumen;

inserting the second instrument and at least a portion of the first

instrument into the anatomy;

sensing electrical activity within the anatomy near the portion of the first

5 instrument;

determining, based on the sensed electrical activity, the location of the

first instrument; and

slitting the at least one electrode to remove the first instrument from the

anatomy without removing the second instrument.

0

23. The method of Claim 22, further comprising:

coupling a first drive patch to the anatomy;
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coupling a second drive patch to the anatomy at a location

spaced apart from the first drive patch; and

generating voltages in the first drive patch and the second drive

patch.

5

24. The method of Claim 23, wherein the first instrument includes at

least one electrode and sensing the electrical activity further comprises:

sensing at least one voltage with the at least one electrode; and

determining, based on the at least one sensed voltage, an

0 impedance of the at least one electrode of the first instrument.
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