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THIN PROFILE CONDUCTOR ASSEMBLY FOR MEDICAL DEVICE
LEADS

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to Provisional Application No.

61/159,572, filed March 12, 2009, which is herein incorporated by

reference in its entirety.

TECHNICAL FIELD

[0002] The present invention relates to implantable medical devices.

More particularly, the present invention relates to configurations and

methods of manufacture for thin profile conductive assemblies for medical

device leads.

BACKGROUND

[0003] Implantable medical devices for treating a variety of medical

conditions with electrical stimuli are well known. Implantable medical

devices generally include a medical electrical lead for delivering an

electrical stimulus to a targeted site within a patient's body such as, for

example, a patient's heart or nervous system. Such leads generally have

an elongated, flexible insulating body, one or more inner conductors

extending through lumens formed in the body and one or more exposed

electrodes connected to the distal ends of the conductors.

[0004] Leads may be introduced into the patient's vasculature at a

venous access site and transvenously guided through veins to the sites

where the lead electrodes will be implanted or otherwise contact tissue at

the targeted therapy site. A pulse generator attached to the proximal ends

of the conductors delivers an electrical stimulus therapy to the targeted site

via the one or more conductors.

SUMMARY

[0005] Discussed herein are various conductor assemblies for

implantable medical electrical leads including conductive layers having



differing electrical conductivities, as well as medical electrical leads

including such conductor assemblies.

[0006] In Example 1, a medical device lead includes a proximal

connector having a proximal end and configured to couple the lead to a

pulse generator, an insulative lead body extending distally from the

proximal connector, and a conductor assembly extending distally from the

proximal end within the lead body. The conductor assembly includes a

non-conductive tubular core member that defines a lumen, an outer

insulative layer, and a multilayer conductor between the tubular core

member and the outer insulative layer. The multilayer conductor is

electrically connected to the proximal connector and includes a first

conductive layer adjacent the tubular core member and a second

conductive layer adjacent the first conductive layer opposite the tubular

core member. A conductivity of the second conductive layer is greater than

a conductivity of the first conductive layer.

[0007] In Example 2 , the medical device lead according to Example

1, wherein a thickness of the first conductive layer in a dimension extending

between the tubular core member and the outer insulative layer is less than

a thickness of the second conductive layer.

[0008] In Example 3 , the medical device lead according to either

Example 1 or 2 , wherein the thickness of the first conductive layer is in the

range of about 10 to about 30 nm and the thickness of the second

conductive layer is in the range of about 0.2 to about 2 µm.

[0009] In Example 4 , the medical device lead according to any of

Examples 1-3, wherein the first conductive layer is comprised of a

paramagnetic material and the second conductive layer is comprised of a

diamagnetic material.

[0010] In Example 5 , the medical device lead according to any of

Examples 1-4, wherein the first conductive layer is comprised of Ti, and the

second conductive layer is comprised of a material selected from the group

consisting of Ag, Al, Au, and Pt.



[001 1] According to Example 6 , a method for making a conductive

assembly for a medical electrical lead includes masking a non-conductive

tubular core member with a pattern. The tubular core member defines a

lumen. The method also includes depositing a first conductive layer on the

masked tubular core member, and depositing a second conductive layer on

the first conductive layer. The second conductive layer has a conductivity

greater than the first conductive layer. The method further includes

removing the mask from the tubular core member such that portions of the

first conductive layer and the second conductive layer deposited on the

mask are removed with the mask and a first conductive pattern remains on

the tubular core member. The method further includes covering the tubular

core member and the first conductive pattern with a first insulative layer.

[0012] In Example 7 , the method according to Example 6 , wherein

masking the tubular core member with the pattern comprises spinning a

fibrous material over the tubular core member.

[0013] In Example 8 , the method according to either Example 6 or 7 ,

wherein the first conductive layer is deposited on the masked tube via

plasma enhanced chemical vapor deposition (PECVD).

[0014] In Example 9 , the method according to any of Examples 6-8,

wherein the second conductive layer is deposited on the first conductive

layer via physical vapor deposition (PVD).

[0015] In Example 10, the method according to any of Examples 6-9,

wherein the second conductive layer is deposited on the first conductive

layer via galvanic deposition.

[0016] In Example 11, the method according to any of Examples 6-

10, wherein a thickness of the first conductive layer in a dimension

extending between the tubular core member and the outer insulative layer

is less than a thickness of the second conductive layer.

[0017] In Example 12, the method according to any of Examples 6-

11, wherein the first conductive layer is comprised of a paramagnetic

material and the second conductive layer is comprised of a diamagnetic

material.



[0018] In Example 13, the method according to any of Examples 6-

12, wherein the tubular core member is covered with the first insulative

layer via any of spray coating, dip coating, pulsed laser deposition, or

condensation.

[0019] In Example 14, the method according to any of Examples 6-

13, wherein the tubular core member and the first insulative layer are

comprised of a polymer.

[0020] In Example 15, the method according to any of Examples 6-

14, and further comprising (a) masking the first insulative layer with a

pattern, (b) depositing a third conductive layer on the masked first

insulative layer, (c) depositing a fourth conductive layer on the third

conductive layer, wherein the fourth conductive layer has a conductivity

greater than the third conductive layer, (d) removing the mask from the first

insulative layer such that portions of the third conductive layer and the

fourth conductive layer deposited on the mask are removed with the mask

and a second conductive pattern remains on the first insulative layer, and

(e) covering the first insulative layer and the second conductive pattern with

a second insulative layer.

[0021] According to Example 16, a conductor assembly for a medical

device lead includes a non-conductive tubular core member having a

lumen, and an outer insulative layer is disposed about the non-conductive

tubular core member. A multilayer conductor is between the tubular core

member and the outer insulative layer. The multilayer conductor defines a

conductor pattern and includes a first conductive layer adjacent to the

tubular core member and a second conductive layer adjacent to the first

conductive layer opposite the tubular core member. A conductivity of the

second conductive layer is greater than a conductivity of the first

conductive layer.

[0022] In Example 17, the conductor assembly according to Example

16, wherein a thickness of the first conductive layer in a dimension

extending between the tubular core member and the outer insulative layer

is less than a thickness of the second conductive layer.



[0023] In Example 18, the conductor assembly according to either

Example 16 or 17, wherein the thickness of the first conductive layer is in

the range of about 10 to about 30 nm and the thickness of the second

conductive layer is in the range of about 0.2 to about 2 µm.

[0024] In Example 19, the conductor assembly according to any of

Examples 16-18, wherein the first conductive layer is comprised of a

paramagnetic material and the second conductive layer is comprised of a

diamagnetic material.

[0025] In Example 20, the conductor assembly according to any of

Examples 16-1 9 , wherein the conductor pattern is helical.

[0026] In Example 2 1, the conductor assembly according to any of

Examples 16-20, wherein turns of the helical pattern have a varying pitch

along a major dimension of the conductor assembly.

[0027] In Example 22, the conductor assembly according to any of

Examples 16-21 , wherein the conductor pattern comprises a plurality of

longitudinally extending conductive filars.

[0028] In Example 23, the conductor assembly according to any of

Examples 16-22, wherein each of the longitudinally extending conductive

filars is substantially straight.

[0029] In Example 24, the conductor assembly according to any of

Examples 16-23, wherein each of the longitudinally extending conductive

filars is undulating.

[0030] In Example 25, the conductor assembly according to any of

Examples 16-24, wherein each of the longitudinally extending conductive

filars is serpentine.

[0031] In Example 26, the conductor assembly according to any of

Examples 16-25, wherein the multilayer conductor defines more than one

conductive path.

[0032] While multiple embodiments are disclosed, still other

embodiments of the present invention will become apparent to those skilled

in the art from the following detailed description, which shows and

describes illustrative embodiments of the invention. Accordingly, the



drawings and detailed description are to be regarded as illustrative in

nature and not restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] FIG. 1 is a schematic view of a cardiac rhythm management

system including a pulse generator coupled to a lead including porous

electrodes deployed in a patient's heart.

[0034] FIG. 2 is a cross-sectional view of a lead shaft assembly

including a single conductor layer according to embodiments of the present

invention.

[0035] FIG. 3 is a side view of a lead portion including a conductor

having a helical pattern, according to an embodiment of the present

invention.

[0036] FIG. 4 is a side view of a lead portion including a conductor

having a helical pattern with alternating winding directions, according to an

embodiment of the present invention.

[0037] FIG. 5 is a side view of a lead portion including a conductor

having a helical pattern with variant winding angles according to an

embodiment of the present invention.

[0038] FIG. 6 is a side view of a lead portion including a conductor

having multiple filars in a helical pattern, according to an embodiment of the

present invention.

[0039] FIGS. 7A-7E illustrate steps in fabricating a conductor with a

helical pattern according to the present invention.

[0040] FIG. 8 is a side view of a lead portion including a conductor

having a plurality of parallel longitudinally extending straight filars,

according to an embodiment of the present invention.

[0041] FIG. 9 is a side view of a lead portion including a conductor

having a plurality of parallel longitudinally extending undulating filars,

according to an embodiment of the present invention.



[0042] FIG. 10 is a side view of a lead portion including a conductor

having a plurality of parallel longitudinally extending serpentine filars,

according to an embodiment of the present invention.

[0043] FIG. 11 is a cross-sectional view of a lead shaft assembly

including a multiple conductor layers according to embodiments of the

present invention.

[0044] FIG. 12 is a side view of a lead portion including multiple

conductors having a helical pattern, according to an embodiment of the

present invention.

[0045] FIG. 13 is a side view of a lead portion including multiple solid

conductors, according to an embodiment of the present invention.

[0046] While the invention is amenable to various modifications and

alternative forms, specific embodiments have been shown by way of

example in the drawings and are described in detail below. The intention,

however, is not to limit the invention to the particular embodiments

described. On the contrary, the invention is intended to cover all

modifications, equivalents, and alternatives falling within the scope of the

invention as defined by the appended claims.

DETAILED DESCRIPTION

[0047] FIG. 1 is a schematic view of a cardiac rhythm management

system 10 including an implantable medical device (IMD) 12 with a lead 14

having a proximal end 16 and a distal end 18. In one embodiment, the IMD

12 includes a pulse generator such as a pacemaker or a defibrillator. The

IMD 12 can be implanted subcutaneously within the body, typically at a

location such as in the patient's chest or abdomen, although other

implantation locations are possible. The proximal end 16 of the lead 14

can be coupled to or formed integrally with the IMD 12. The distal end 18

of the lead 14, in turn, can be implanted at a desired location in or near the

heart 20.

[0048] As shown in FIG. 1, a distal portion of the lead 14 is disposed

in a patient's heart 20, which includes a right atrium 22, a right ventricle 24,



a left atrium 26, and a left ventricle 28. In the embodiment illustrated in

FIG. 1, the distal end 18 of the lead 14 is transvenously guided through the

right atrium 22, through the coronary sinus ostium 29, and into a branch of

the coronary sinus 3 1 or the great cardiac vein 33. The illustrated position

of the lead 14 can be used for sensing or for delivering pacing and/or

defibrillation energy to the left side of the heart 20, or to treat arrhythmias or

other cardiac disorders requiring therapy delivered to the left side of the

heart 20. Additionally, it will be appreciated that the lead 14 can also be

used to provide treatment in other regions of the heart 20 (e.g., the right

ventricle 24).

[0049] Although the illustrative embodiment depicts only a single

implanted lead 14, it should be understood that multiple leads can be

utilized so as to electrically stimulate other areas of the heart 20. In some

embodiments, for example, the distal end of a second lead (not shown)

may be implanted in the right atrium 22, and/or the distal end of a third lead

(not shown) may be implanted in the right ventricle 24. Other types of

leads such as epicardial leads may also be utilized in addition to, or in lieu

of, the lead 14 depicted in FIG. 1.

[0050] During operation, the lead 14 can be configured to convey

electrical signals between the IMD 12 and the heart 20. For example, in

those embodiments where the IMD 12 is a pacemaker, the lead 14 can be

utilized to deliver electrical stimuli for pacing the heart 20. In those

embodiments where the IMD 12 is an implantable cardiac defibrillator, the

lead 14 can be utilized to deliver electric shocks to the heart 20 in response

to an event such as a heart attack or arrhythmia. In some embodiments,

the IMD 12 includes both pacing and defibrillation capabilities.

[0051] The electrical signals are carried between the IMD 12 and

electrodes at the distal end 18 by one or more conductors extending

through the lead 14. The one or more conductors are electrically coupled

to a connector suitable for interfacing with the IMD 12 at the proximal end

16 of the lead 14, and to one or more electrodes at the distal end 18 .

According to the present invention, the one or more conductors have a low



profile (i.e., the distance from the center to the outer surface of the lead 14)

to minimize the diameter of the lead 14. In addition, the one or more

conductors are configured to impart flexibility to the lead 14 to facilitate

traversal of tortuous vascular passages during implantation of the lead 14.

Also, in some embodiments, the one or more conductors are configured to

minimize effects of magnetic resonance imaging (MRI) scans on the

functionality and operation of the lead 14. For example, in certain

embodiments, the one or more conductors are configured to dissipate

electromagnetic energy received by the lead 14 during an MRI scan.

[0052] FIG. 2 is a cross-sectional view of a lead shaft assembly 50,

according to an embodiment of the present invention. The shaft assembly

50 is an exemplary configuration for the body of the lead 14 shown in FIG.

1. The shaft assembly 50 includes an inner core layer 52, an inner

conductor 54, and an outer insulative layer 56. The inner conductor 54 is

formed on the inner core layer 52, and the outer insulative layer 56 is

arranged over the inner conductor 54. A more detailed description of a

process for fabricating the shaft assembly 50 will be described in more

detail below with regard to FIGS. 7A-7E.

[0053] The inner core layer 52 defines a lumen 58 through the shaft

assembly 50. In some embodiments, the lumen 58 is sized and shaped to

receive a guide wire or stylet employed during implantation of the lead 14.

The inner core layer 52 is comprised of a flexible, non-conductive material.

In some embodiments, the inner core layer 52 is comprised of a polymeric

material, such as polypropylene, polyamide, polyethylene, or polyurethane.

[0054] The inner conductor 54 may include one or more layers of

conductive material that are deposited onto the inner core layer 52. The

conductive material may be deposited using a variety of techniques

including, but not limited to, plasma enhanced chemical vapor deposition

(PECVD), physical vapor deposition (PVD), or galvanic deposition. The

materials used for the inner conductor 54 may be selected to provide good

conductivity as well as good adherence to the inner core layer 52. In some

embodiments, a thin seed layer is deposited adjacent the inner core layer



52 and a thicker, high conductivity layer is deposited on the seed layer. In

some embodiments, the seed layer is comprised of Ti and the high

conductivity layer is comprised of Ag, Al, Au, or Pt. In other embodiments,

the high conductivity layer is comprised of other materials, such as Nb, Ta,

or Ti. The inner conductor 54 has a thickness tc extending between the

inner core layer 52 and the outer insulative layer 56. In some

embodiments, the total thickness tc of the inner conductor 54 is in the range

of about 0.2 µm to about 2.0 µm. The thickness tc for the inner conductor

54 is less than the thickness of conventional lead conductors, providing for

a lead with a lower profile and greater flexibility.

[0055] The cross-section of the inner conductor 54 may be

fabricated to provide a desired impedance at the lead electrode or

electrodes to which the inner conductor 54 is attached. In some

embodiments, the cross-section of the inner conductor 54 is such that the

impedance of each lead electrode is less than about 80 Ω. For example,

the impedance of each lead electrode may be in the range of about 20 Ω to

about 80 Ω.

[0056] The outer insulative layer 56 is arranged over the inner

conductor 54 to isolate the inner conductor 54 from the tissue adjacent to

the lead 14. The outer insulative layer 56 is made of a flexible, highly

durable, fatigue resistant, and bio-compatible insulative material. In some

embodiments, the outer insulative layer 56 is comprised of a polymeric

material, such as styrene isoprene butadiene (SIBS),

polytetrafluoroethylene (PTFE), polyethylene (PE), polypropylene (PP),

fluorinated ethylene propylene (FEP), ethylene-tetrafluoroethylene (ETFE),

or another biocompatible polymer. In some embodiments, the outer

insulative layer 56 is deposited over the inner conductor 54 using

processes such as spray coating, dip coating, pulsed laser deposition

(PLD), or condensation. The outer insulative layer 56 may alternatively be

formed over the combined inner core layer 52 and inner conductor 54 by

pulling the assembly through a tube of insulative material.



[0057] According to some embodiments, the inner conductor 54 is

formed with certain characteristics to provide desired physical, electrical,

and/or magnetic properties for the lead 14. For example, the conductive

material of the inner conductor 54 may be patterned to minimize the effects

of magnetic resonance imaging (MRI) fields on the performance and

response of the lead 14. In some embodiments, the inner conductor 54 is

patterned to have an inductance that prevents the MRI fields from heating

the lead electrodes. In addition, the material or materials for the inner

conductor 54 may be selected to provide distortion free imaging by

minimizing image artifacts and voids around the lead 14. For example

because the magnetization induced in a material when placed in a

magnetic field is a function of the magnetic susceptibility of the material,

conductive materials having a low magnetic susceptibility (e.g., similar to

the magnetic susceptibility of water) may be used. The inner conductor 54

may also be patterned to provide a desired level of flexibility in the lead 14,

or to provide increased or decreased flexibility in portions of the lead 14.

Furthermore, in embodiments with multiple inner conductors, active

electrical elements, such as capacitors and diode AC switches, may be

integrated between the conductor paths to avoid coupling of the MRI field

into the lead 14.

[0058] FIGS. 3-6 are side views of various embodiments of the shaft

assembly 50 shown in FIG. 2 . Portions of the inner conductor 54 and the

outer insulative layer 56 are removed to illustrate each of the layers of the

shaft assembly 50. The following embodiments are merely by way of

example, and the inner conductor 54 may have any pattern or configuration

to provide a lead 14 with desired properties.

[0059] FIG. 3 is a side view of a shaft assembly 50a according to an

embodiment of the present invention. The shaft assembly 50a includes an

inner core layer 52a, an inner conductor 54a, and an outer insulative layer

56a. The inner core layer 52a, inner conductor 54a, and the outer

insulative layer 56a may have properties substantially similar to inner core

layer 52, inner conductor 54, and outer insulative layer 56, respectively, as



described above with regard to FIG. 2 . In the embodiment shown in FIG. 3 ,

the inner conductor 54a includes a helical pattern. The helical pattern

includes coil members 60 that are separated by spaces 62. The coil

members 60 are integral with each other and form a continuous member

around the inner core layer 52a. The coil members 60 have a winding

angle θ with respect to an axis orthogonal to the major axis of the shaft

assembly 50a. In some embodiments, the winding angle θ is in the range

of about 1° to about 15°. The winding angle θ , as well as the coil-to-coil

width of spaces 62 (i.e., pitch length) and the width of coil members 60,

may be controlled to minimize the effect of MRI fields on the inner

conductor 54a.

[0060] FIG. 4 is a side view of a shaft assembly 50b according to

another embodiment of the present invention. The shaft assembly 50b

includes an inner core layer 52b, an inner conductor 54b, and an outer

insulative layer 56b. The inner core layer 52b, inner conductor 54b, and

the outer insulative layer 56b may have properties substantially similar to

inner core layer 52, inner conductor 54, and outer insulative layer 56,

respectively, as described above with regard to FIG. 2 . In the embodiment

shown in FIG. 4 , the inner conductor 54b includes a helical pattern having

alternating winding directions. The helical pattern includes coil members

70 that are separated by spaces 72. The coil members 70 are integral with

each other and form a continuous member around the inner core layer 52b.

The direction that the coil members 70 are angled with respect to the inner

core layer 52b changes at coil transition section 74. The coil members 70

have a winding angle θ with respect to an axis orthogonal to the major axis

of the shaft assembly 50b. In some embodiments, the winding angle of the

oppositely directed coil members 70 is substantially the same as the

winding angle θ . Alternatively, the winding angle of at least some of the

coil members 70 may differ from the winding angle θ . In some

embodiments, the winding angle θ is in the range of about 1° to about 15°.

The winding angle θ , as well as the pitch length and the width of coil



members 70, may be controlled to minimize the effect of MRI fields on the

inner conductor 54b.

[0061] FIG. 5 is a side view of a shaft assembly 50c according to

another embodiment of the present invention. The shaft assembly 50c

includes an inner core layer 52c, an inner conductor 54c, and an outer

insulative layer 56c. The inner core layer 52c, inner conductor 54c, and the

outer insulative layer 56c may have properties substantially similar to inner

core layer 52, inner conductor 54, and outer insulative layer 56,

respectively, as described above with regard to FIG. 2 . In the embodiment

shown in FIG. 5 , the inner conductor 54c includes a helical pattern that

includes a varying winding angle. The helical pattern includes coil

members 80 that are separated by spaces 82. The coil members 80 are

integral with each other and form a continuous member around the inner

core layer 52c. The angle at which the coil members 80 are disposed with

respect to the inner core layer 52c changes at coil transition section 84.

The coil members 80 have a first winding angle θ i with respect to an axis

orthogonal to the major axis of the shaft assembly 50c along a first portion

of the shaft assembly 50c, and a second winding angle Θ2 with respect to

an axis orthogonal to the major axis of the shaft assembly 50c along a

second portion of the shaft assembly 50c. In some embodiments, the first

winding angle Θ1 is in the range of about 1° to about 15°, and the second

winding angle Θ2 is in the range of about 15° to about 60°. The winding

angles Θ1 and Θ2, as well as the pitch length and the width of coil members

80, may be controlled to minimize the effect of MRI fields on the inner

conductor 54c.

[0062] FIG. 6 is a side view of a shaft assembly 5Od according to

another embodiment of the present invention. The shaft assembly 5Od

includes an inner core layer 52d, an inner conductor 54d, and an outer

insulative layer 56d. The inner core layer 52d, inner conductor 54d, and

the outer insulative layer 56d may have properties substantially similar to

inner core layer 52, inner conductor 54, and outer insulative layer 56,

respectively, as described above with regard to FIG. 2 . In the embodiment



shown in FIG. 6 , the inner conductor 54d includes two co-radial conductive

filars 90 and 92 that include a helical pattern. The helical pattern of

conductive filar 90 includes coil members 94, and the conductive filar 92

includes coil members 96. The coil members 94 are integral with each

other and form a continuous member around the inner core layer 52d.

Likewise, the coil members 96 are integral with each other and form a

continuous member around the inner core layer 52d. The coil members 94

and 96 each have a winding angle θ with respect to an axis orthogonal to

the major axis of the shaft assembly 5Od. In some embodiments, the

winding angle θ is in the range of about 1° to about 15°. The winding angle

θ as well as the spacing between the filars 90 and 92 and the width of coil

members 94 and 96, may be controlled to minimize the effect of MRI fields

on the inner conductor 54d.

[0063] FIGS. 7A-7E illustrate steps in an embodiment of a process

for fabricating the shaft assembly 50. The process illustrated in FIGS. 7A-

7E may be employed to fabricate any of the shaft assemblies 50a-50d

illustrated in FIGS. 3-6. In FIG. 7A, a first step of the process is shown,

wherein a portion of the inner core layer 52 is shown masked with a

pattern. The inner core layer 52 may be masked with a pattern that is

related to the desired pattern that the conductive layer 54 will have. In the

embodiment shown, a fiber 100 is wound or spun over the inner core layer

52. For example, the inner core layer 52 may be rotated, and the fiber 100

subsequently wrapped around the rotating inner core layer 52. In some

embodiments, the fiber 100 is a metal fiber. The fiber 100 is wound or

spun onto the inner core layer 52 tight enough to impress into the surface

102 of the inner core layer 52, as is shown in FIG. 7A. In embodiments in

which the conductive layer 54 deposited on the inner core layer 52 is not

patterned (i.e., the conductive layer 54 is a solid member), then this step

may be omitted.

[0064] FIG. 7B is a side view of a second step of a process for

fabricating the shaft assembly 50, in which the combined inner core layer

52 and fiber 100 is base coated with a base layer 104. The seed layer 104



is comprised of a material that adheres well to the material of the inner core

layer 52. In some embodiments, the material is conductive and

paramagnetic. One example material that may be deposited as the base

layer 104 is titanium. In some embodiments, the base layer 104 has a

thickness in the range of about 10 nm to about 30 nm. The base layer 104

may be deposited onto the shaft assembly 50 using a variety of techniques

including, for example, plasma enhanced chemical vapor deposition

(PECVD). This technique is described in European Patent No. 0897997,

entitled "Composite Material," which is hereby incorporated by reference in

its entirety.

[0065] FIG. 7C is a side view of a third step of a process for

fabricating the shaft assembly 50, in which a conductive layer 106 of

material is deposited onto the base layer 104. In the embodiment shown,

the combined base layer 104 and conductive layer 106 form the inner

conductor 54 as described above with regard to FIG. 2 . The conductive

layer 106 has a conductivity that is greater than the conductivity of the base

layer 104. In addition, the conductive layer 106 may be diamagnetic.

Example materials that may be used for the conductive layer 106 include,

for example, gold or copper. The conductive layer 106 may have a

thickness that is greater than the thickness of the base layer 104. In some

embodiments, the thickness of the conductive layer 106 is in the range of

about 0.2 µm to about 2.0 µm. For ease of illustration, this substantial

difference in thickness is not illustrated in FIG. 7C. The use of a larger

volume of a diamagnetic material, which has negative magnetic

susceptibility, with a very small volume of paramagnetic material results in

substantially distortion free imaging, with minimal image artifacts or voids

around the lead in the magnetic resonance image. In addition, if gold is

used for the conductive layer 106, good x-ray contrasting is provided.

[0066] The conductive layer 106 may be deposited onto the base

layer 104 in a variety of ways. In some embodiments, the conductive layer

106 is deposited via physical vapor deposition (PVD). In other

embodiments, the conductive layer 106 is deposited via galvanic



deposition. In further embodiments, the conductive layer 106 is deposited

by sputtering, such as laser sputtering. In still further embodiments, the

conductive layer 106 is deposited using other techniques suitable for

coating the base layer 104 with the conductive layer 106.

[0067] FIG. 7D is a side view of a fourth step of a process for

fabricating the shaft assembly 50, in which the mask (i.e., fiber 100) is

removed from the inner core layer 52. When the fiber 100 is removed from

the inner core layer 52, the portions of the base layer 104 and the

conductive layer 106 that were on the fiber 100 are also removed. As a

result, coil members 110 remain on the inner core layer 52, and the

portions of the assembly from which the fiber 100 was removed define

spaces 112 between the coil members 110. In the embodiment shown, the

spaces 112 are indented relative to the outer surface 102 (FIG. 7A) due to

the tight winding of the fiber 100. In the step shown in FIG. 7D, the inner

core layer 52 is exposed in the spaces 112. In an alternative embodiment,

the fiber 100 does not indent the outer surface 102 of the inner core layer

52.

[0068] FIG. 7E is a side view of a fifth step of a process for

fabricating the shaft assembly 50, in which the outer insulative layer 56 is

arranged over the conductive layer 106. The outer insulative layer 56 coats

the outside of the shaft assembly 50 and fills the spaces 112 between the

coil members 110 with the insulative material to isolate adjacent coil turns

from each other. In some embodiments, the outer insulative layer 56 is

deposited over the conductive layer 106 using processes such as spray

coating, dip coating, pulsed laser deposition (PLD), or condensation. The

outer insulative layer 56 may alternatively be formed over the combined

inner core layer 52 and inner conductor 54 by pulling the assembly through

a tube of insulative material.

[0069] It will be appreciated that the configuration for the inner

conductor 54 is not limited to the helical pattern shown, and that the

principles of the present invention may be applied to inner conductors 54

having other types of patterns. For example, FIG. 8 is a side view of a



shaft assembly 5Oe including an inner core layer 52e, an inner conductor

54e, and an outer insulative layer 56e. The inner core layer 52e, inner

conductor 54e, and the outer insulative layer 56e may have properties

substantially similar to inner core layer 52, inner conductor 54, and outer

insulative layer 56, respectively, as described above with regard to FIG. 2 .

In the embodiment shown in FIG. 8 , the inner conductor 54e includes a

plurality of parallel longitudinally extending straight filars 120. In some

embodiments, the filars 120 are connected to the same contact at the IMD

12 to carry a signal between the IMD 12 and the heart 20. In other

embodiments, each of the filars 120 is employed to carry a separate signal

between the IMD 12 and the heart 20.

[0070] FIG. 9 is a side view of a shaft assembly 5Of including an

inner core layer 52f, an inner conductor 54f, and an outer insulative layer

56f. The inner core layer 52f, inner conductor 54f, and the outer insulative

layer 56f may have properties substantially similar to inner core layer 52,

inner conductor 54, and outer insulative layer 56, respectively, as described

above with regard to FIG. 2 . In the embodiment shown in FIG. 9 , the inner

conductor 54f includes a plurality of parallel longitudinally extending

undulating filars 130. In some embodiments, the filars 130 are connected

to the same contact at the IMD 12 to carry an electrical signal between the

IMD 12 and the heart 20. In other embodiments, each of the filars 130 is

employed to carry a separate electrical signal between the IMD 12 and the

heart 20.

[0071] FIG. 10 is a side view of a shaft assembly 5Og including an

inner core layer 52g, an inner conductor 54g, and an outer insulative layer

56g. The inner core layer 52g, inner conductor 54g, and the outer

insulative layer 56g may have properties substantially similar to inner core

layer 52, inner conductor 54, and outer insulative layer 56, respectively, as

described above with regard to FIG. 2 . In the embodiment shown in FIG.

10, the inner conductor 54g includes a plurality of parallel longitudinally

extending serpentine filars 140. In some embodiments, the filars 140 are

connected to the same contact at the IMD 12 to carry an electrical signal



between the IMD 12 and the heart 20. In other embodiments, each of the

filars 140 is employed to carry a separate electrical signal between the IMD

12 and the heart 20.

[0072] In certain applications, the lead 14 (FIG. 1) may include

multiple co-axial conductors to carry signals having different purposes or

electrical characteristics between the IMD 12 and the heart 20. For

example, FIG. 11 is a cross sectional view of a shaft assembly 150

including an inner core layer 152, a first inner conductor 154, an

intermediate insulative layer 156, a second inner conductor 158, and an

outer insulative layer 160. The first inner conductor 154 is formed on the

inner core layer 152, the intermediate insulative layer 156 is formed on the

first inner conductor 154, the second inner conductor 158 is formed on the

intermediate insulative layer 156, and the outer insulative layer 160 is

arranged over the inner conductor 158. The inner core layer 152 may have

properties substantially similar to the inner core layer 52, the inner

conductors 154 and 158 may have properties substantially similar to the

inner conductor 54, and the intermediate insulative layer 156 and the outer

insulative layer 160 may have properties substantially similar to the outer

insulative layer 56. In addition, the layers of the shaft assembly 150 may

be formed using techniques substantially similar to those described above

with regard to FIGS. 7A-7E.

[0073] FIG. 12 is a side view of a shaft assembly 150a according to

an embodiment of the present invention. The shaft assembly 150a

includes an inner core layer 152a, a first inner conductor 154a, an

intermediate insulative layer 156a, a second inner conductor 158a, and an

outer insulative layer 160a. In the embodiment shown in FIG. 12, the inner

conductors 154a and 158a each includes a helical pattern. The helical

pattern of the first inner conductor 154a includes coil members 162 that are

separated by spaces 164, and the helical pattern of the second inner

conductor 158a includes coil members 166 that are separated by spaces

168. The coil members 162 and 166 are oppositely oriented with respect to

an axis orthogonal to the major axis of the shaft assembly 150a. The coil



members 162 have a winding angle θ that, in some embodiments, is in the

range of about 1° to about 15°. In the embodiment shown, the winding

angle of the oppositely directed coil members 166 of the second inner

conductor 158a is substantially the same as the winding angle θ . In

alternative embodiments, the winding angle of the oppositely directed coil

members 166 is different than the winding angle θ .

[0074] FIG. 13 is a side view of a shaft assembly 150b according to

an embodiment of the present invention. The shaft assembly 150b

includes an inner core layer 152b, a first inner conductor 154b, an

intermediate insulative layer 156b, a second inner conductor 158b, and an

outer insulative layer 160b. In the embodiment shown in FIG. 12, the inner

conductors 154a and 158a are a solid layer of conductive material.

[0075] It will be appreciated that while two inner conductors 154 and

158 are shown in the embodiments of FIGS. 12 and 13, any number of

inner conductors may be included in the shaft assembly 150 by patterning

additional layers of conductive material on the outside of the shaft

assembly, separated by layers of insulative material. In addition, it will be

appreciated that the inner conductors 154 and 158 may be fabricated into

any pattern including, for example, those described above in FIGS. 3-6 and

FIGS. 8-10.

[0076] In summary, the present invention relates to a medical device

lead including a thin profile conductor assembly. A proximal connector

includes a proximal end that is configured to couple the lead to a pulse

generator. An insulative lead body extends distally from the proximal

connector. The conductor assembly extends distally from the proximal end

within the lead body and includes a non-conductive tubular core member

that defines a lumen, an outer insulative layer, and a multilayer conductor

between the tubular core member and the outer insulative layer. The

multilayer conductor is electrically connected to the proximal connector and

includes a first conductive layer adjacent to the tubular core member and a

second conductive layer adjacent to the first conductive layer opposite the

tubular core member. A conductivity of the second conductive layer is



greater than a conductivity of the first conductive layer. A medical device

lead conductor as described has a very low profile, providing leads having

small diameters. In addition, the conductor is configured to impart

increased flexibility to the lead to facilitate traversal of tortuous vascular

passages during implantation of the lead. The conductor may also include

features or configurations that make the lead suitable for magnetic

resonance imaging (MRI) environments.

[0077] Various modifications and additions can be made to the

exemplary embodiments discussed without departing from the scope of the

present invention. While the embodiments described above refer to

particular features, the scope of this invention also includes embodiments

having different combinations of features and embodiments that do not

include all of the described features. Accordingly, the scope of the present

invention is intended to embrace all such alternatives, modifications, and

variations as fall within the scope of the claims, together with all equivalents

thereof. For example, while the deposited conductive material has been

described with regard to the inner conductor(s) of a cardiac lead it will be

appreciated that the principles of the present invention are applicable to

other types of leads, such as neuromodulation leads, as well as other types

of conductive coating applications, such as housings, flexible electrodes,

and electromagnetic interference (EMI) shielding.



CLAIMS

I claim:

1. A medical device lead comprising:

a proximal connector having a proximal end and configured to

couple the lead to a pulse generator;

an insulative lead body extending distally from the proximal

connector;

a conductor assembly extending distally from the proximal

end within the lead body, the conductor assembly

comprising a non-conductive tubular core member that

defines a lumen, an outer insulative layer, and a

multilayer conductor between the tubular core member

and the outer insulative layer, wherein the multilayer

conductor is electrically connected to the proximal

connector and includes a first conductive layer adjacent

the tubular core member and a second conductive layer

adjacent the first conductive layer opposite the tubular

core member, and wherein a conductivity of the second

conductive layer is greater than a conductivity of the first

conductive layer.

2 . The medical device lead of claim 1, wherein a thickness of the first

conductive layer in a dimension extending between the tubular core

member and the outer insulative layer is less than a thickness of the

second conductive layer.

3 . The medical device lead of claim 2 , wherein the thickness of the first

conductive layer is in the range of about 10 to about 30 nm and the

thickness of the second conductive layer is in the range of about 0.2 to

about 2 µm.



4 . The medical device lead of claim 1, wherein the first conductive

layer is comprised of a paramagnetic material and the second conductive

layer is comprised of a diamagnetic material.

5 . The medical device lead of claim 4 , wherein the first conductive

layer is comprised of Ti, and the second conductive layer is comprised of a

material selected from the group consisting of Ag, Al, Au, and Pt.

6 . A method for making a conductive assembly for a medical electrical

lead, the method comprising:

masking a non-conductive tubular core member with a

pattern, wherein the tubular core member defines a

lumen;

depositing a first conductive layer on the masked tubular core

member;

depositing a second conductive layer on the first conductive

layer, wherein the second conductive layer has a

conductivity greater than the first conductive layer;

removing the mask from the tubular core member such that

portions of the first conductive layer and the second

conductive layer deposited on the mask are removed with

the mask and a first conductive pattern remains on the

tubular core member; and

covering the tubular core member and the first conductive

pattern with a first insulative layer.

7 . The method of claim 6 , wherein masking the tubular core member

with the pattern comprises spinning a fibrous material over the tubular core

member.



8 . The method of claim 6 , wherein the first conductive layer is

deposited on the masked tube via plasma enhanced chemical vapor

deposition (PECVD).

9 . The method of claim 6 , wherein the second conductive layer is

deposited on the first conductive layer via physical vapor deposition (PVD).

10. The method of claim 6 , wherein the second conductive layer is

deposited on the first conductive layer via galvanic deposition.

11. The method of claim 6 , wherein a thickness of the first conductive

layer in a dimension extending between the tubular core member and the

outer insulative layer is less than a thickness of the second conductive

layer.

12. The method of claim 6 , wherein the first conductive layer is

comprised of a paramagnetic material and the second conductive layer is

comprised of a diamagnetic material.

13 . The method of claim 6 , wherein the tubular core member is covered

with the first insulative layer via any of spray coating, dip coating, pulsed

laser deposition, or condensation.

14. The method of claim 6 , wherein the tubular core member and the

first insulative layer are comprised of a polymer.

15 . The method of claim 6 , and further comprising:

masking the first insulative layer with a pattern;

depositing a third conductive layer on the masked first

insulative layer;



depositing a fourth conductive layer on the third conductive

layer, wherein the fourth conductive layer has a

conductivity greater than the third conductive layer;

removing the mask from the first insulative layer such that

portions of the third conductive layer and the fourth

conductive layer deposited on the mask are removed with

the mask and a second conductive pattern remains on

the first insulative layer; and

covering the first insulative layer and the second conductive

pattern with a second insulative layer.

16. A conductor assembly for a medical device lead, the conductor

assembly comprising:

a non-conductive tubular core member having a lumen;

an outer insulative layer disposed about the non-conductive

tubular core member; and

a multilayer conductor between the tubular core member and

the outer insulative layer, wherein the multilayer

conductor defines a conductor pattern and includes a first

conductive layer adjacent to the tubular core member and

a second conductive layer adjacent to the first conductive

layer opposite the tubular core member, and wherein a

conductivity of the second conductive layer is greater

than a conductivity of the first conductive layer.

17 . The conductor assembly of claim 16 , wherein a thickness of the first

conductive layer in a dimension extending between the tubular core

member and the outer insulative layer is less than a thickness of the

second conductive layer.



18 . The conductor assembly of claim 17 , wherein the thickness of the

first conductive layer is in the range of about 10 to about 30 nm and the

thickness of the second conductive layer is in the range of about 0.2 to

about 2 µm.

19 . The conductor assembly of claim 16 , wherein the first conductive

layer is comprised of a paramagnetic material and the second conductive

layer is comprised of a diamagnetic material.

20. The conductor assembly of claim 16 , wherein the conductor pattern

is helical.

2 1. The conductor assembly of claim 20, wherein turns of the helical

pattern have a varying pitch along a major dimension of the conductor

assembly.

22. The conductor assembly of claim 16 , wherein the conductor pattern

comprises a plurality of longitudinally extending conductive filars.

23. The conductor assembly of claim 22, wherein each of the

longitudinally extending conductive filars is substantially straight.

24. The conductor assembly of claim 22, wherein each of the

longitudinally extending conductive filars is undulating.

25. The conductor assembly of claim 22, wherein each of the

longitudinally extending conductive filars is serpentine.

26. The conductor assembly of claim 16 , wherein the multilayer

conductor defines more than one conductive path.
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