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IMPLANTABLE MEDICAL LEAD WITH BIASED ELECTRODE

TECHNICAL FIELD

[0001] The present disclosure relates to medical devices, more particularly to

implantable medical leads.

BACKGROUND

[0002] In the medical field, implantable leads are used with a wide variety of

medical devices. For example, implantable leads are used with implantable cardiac

pacemakers that provide therapeutic stimulation to the heart by delivering pacing,

cardioversion or defibrillation pulses via the leads. Implantable cardiac

pacemakers deliver such pulses via electrodes disposed on the leads, e.g., near

distal ends of the leads. Implantable medical leads may be configured to allow

electrodes to be positioned at desired cardiac locations so that the pacemaker can

deliver pulses to the desired locations.

[0003] Implantable medical leads are also used with other types of stimulators to

provide, as examples, neurostimulation, muscular stimulation, or gastric

stimulation to target patient tissue locations via electrodes on the leads and located

within or proximate to the target tissue. As one example, implantable medical

leads may be positioned proximate to the vagal nerve for delivery of

neurostimulation to the vagal nerve. Additionally, implantable medical leads may

be used by medical devices for patient sensing and, in some cases, for both sensing

and stimulation. For example, electrodes on implantable medical leads may detect

electrical signals within a patient, such as an electrocardiogram, in addition to

delivering electrical stimulation.

[0004] For delivery of cardiac pacing pulses to the left ventricle (LV), an

implantable medical lead is typically placed through the coronary sinus and into a

coronary vein. However, when located in the coronary sinus or a coronary vein, an

LV lead may also be located near the phrenic nerve. Phrenic nerve stimulation is

generally undesirable during LV pacing therapy. In some instances, the

implantable lead may need to be specifically positioned to avoid phrenic nerve



stimulation during LV pacing therapy, which may result in placing the electrodes

of the LV lead at a non-optimal site for LV pacing.

[0005] In some cases, implantable medical leads with ring electrodes are used as

an alternative to cuff electrodes for delivery of neurostimulation to the vagal nerve.

However, when located near the vagal nerve, the implantable medical lead may

also be located near neck muscles. Stimulation of neck muscles is generally

undesirable during therapeutic vagal stimulation.

SUMMARY OF THE DISCLOSURE

[0006] In general, the present disclosure is directed toward controlling the

direction of a stimulation field. An implantable medical lead may include at least

one ring or ring-like electrode with an uneven width. For example, the width of

the ring electrode as measured along the longitudinal direction of the lead may

vary about the perimeter of the lead.

[0007] The uneven width of the electrode may bias a stimulation field in a

particular direction, e.g., a radial or transverse direction relative to the longitudinal

axis of the lead. For example, rather than distributing equally about the perimeter

of the lead, as would typically occur when stimulation is delivered via a ring

electrode with a substantially even width about the perimeter of the lead, the

stimulation field may be biased toward the portion or "side" of the lead body

where the electrode has an increased surface area. Electrodes with an uneven

width, referred to herein as biased electrodes, may be useful for controlling the

direction of propagation of the stimulation field in order to, for example, avoid

phrenic nerve stimulation during LV pacing or neck muscle stimulation during

vagal neurostimulation.

[0008] In one embodiment, an implantable medical lead comprises a lead

insulative body insulation and an electrode along a perimeter of the insulative

body, wherein a width of the electrode as measured along a longitudinal direction

of the lead varies about a perimeter of the lead.

[0009] In another embodiment, a system comprises an implantable medical lead,

wherein the lead comprises a lead body insulation and an electrode, wherein a

width of the electrode as measured along a longitudinal direction of the lead varies



about a perimeter of the lead. The system further comprises a medical device that

delivers electrical stimulation via the electrode.

[0010] In yet another embodiment, a method of implanting an implantable medical

lead comprises inserting the lead into a patient. The lead includes lead body

insulation, and an electrode positioned on the perimeter of lead body insulation,

wherein a width of the electrode as measured along a longitudinal direction of the

lead varies about a perimeter of the lead. The method of implanting the

implantable medical lead further comprises visualizing an orientation of the lead

within the patient; adjusting the orientation of the lead based on the visualization;

and delivering therapy to the patient using the electrode.

[0011] In another embodiment, a method of manufacturing an implantable medical

lead comprises forming a lead body with at least one conductor; and coupling an

electrode to the conductor. A width of the electrode as measured along a

longitudinal direction of the lead varies about a perimeter of the lead after coupling

the electrode to the conductor.

[0012] A method comprises implanting an electrical stimulation lead within a

patient. The lead comprises a lead body, and an electrode, wherein a width of the

electrode as measured along a longitudinal direction of the lead varies about a

perimeter of the lead. The method further comprises delivering stimulation

therapy to a tissue within the patient using the electrode.

[0013] The details of one or more embodiments are set forth in the accompanying

drawings and the description below.

BRIEF DESCRIPTION OF DRAWINGS

[0014] FIG. 1 is a conceptual diagram illustrating an example implantable medical

device system.

[0015] FIG. 2A is a side view of a distal end of an embodiment of an implantable

medical lead including a biased ring electrode.

[0016] FIG. 2B is a cross-sectional view of a distal end of the implantable medical

lead of FIG. 2A.



[0017] FIG. 3 is a side view of a distal end of another embodiment of an

implantable medical lead including two biased ring electrodes that are

complimentary along an interface between the two electrodes.

[0018] FIG. 4 is a side view of a distal end of another embodiment of an

implantable medical lead including three biased ring electrodes and illustrating

electrical conductors within the lead body.

[0019] FIG. 5 is a flowchart illustrating a method of using an implantable medical

lead with a biased electrode.

[0020] FIG. 6 is a flowchart illustrating a method of manufacturing an implantable

medical lead with a biased electrode.

DETAILED DESCRIPTION

[0021] In general, the present disclosure is directed toward controlling the

direction of propagation of a stimulation field. An implantable medical lead may

include at least one biased ring electrode. A width of the biased ring electrode in a

longitudinal direction of the lead varies about the perimeter of the lead. The biased

electrode may aid in directing a stimulation field in a particular transverse or radial

direction. For example, rather than distributing equally about the perimeter of the

lead, the stimulation field may be biased to the portion or side of the lead where the

biased electrode has an increased surface area. Controlling the direction of the

stimulation field may be useful, for example, to avoid phrenic nerve stimulation

during LV pacing or neck muscle stimulation during vagal neurostimulation.

[0022] While the description primarily refers to implantable medical leads and

implantable medical devices, such as pacemakers and pacemaker-cardioverter-

defibrillators, that deliver stimulation therapy to a patient's heart, the features of

the leads described herein are useful in other types of medical device systems,

which may include other types of implantable medical leads and implantable

medical devices. For example, leads including the features described herein may

be used in systems with medical devices that deliver neurostimulation to the vagal

nerve. As other examples, leads including the features described herein may be

used in systems that deliver other types of neurostimulation therapy (e.g., spinal

cord stimulation or deep brain stimulation), stimulation of one or more muscles or



muscle groups, stimulation of one or more organs, such as gastric stimulation,

stimulation concomitant to gene therapy, and, in general, stimulation of any tissue

of a patient.

[0023] Furthermore, although described herein as being coupled to IMDs,

implantable medical leads of according to the present disclosure may also be

percutaneously coupled to an external medical device for deliver of electrical

stimulation to target locations within the patient. Additionally, the disclosure is

not limited to embodiments that deliver electrical stimulation to a patient, and

includes embodiments in which electrical signals or other physiological parameters

are sensed via an implantable medical lead with an electrode having an uneven

width about the perimeter of the lead.

[0024] For example, for effective cardiac pacing, stimulation therapy can be of

adequate energy for a given location to cause depolarization of the myocardium.

Sensing a physiological parameter of the patient may be used to verify that pacing

therapy has captured the heart, i.e., initiated a desired response to the therapy such

as, for example, providing pacing, resynchronization, defibrillation and/or

cardioversion. Such sensing may include sensing an evoked R-wave or P-wave

after delivery of pacing therapy, sensing for the absence of an intrinsic R-wave or

P-wave prior to delivering pacing therapy, or detecting a conducted depolarization

in an adjacent heart chamber.

[0025] These and other physiological parameters may be sensed using electrodes

that may be also used to deliver stimulation therapy. For example, a system may

sense physiological parameters using the same electrodes used for providing

stimulation therapy or electrodes that are not used for stimulation therapy. As with

stimulation therapy, selecting which electrode(s) are used for sensing physiological

parameters of a patient may alter the signal quality of the sensing techniques. For

this reason, sensing techniques may include one or more algorithms to determine

the suitability of each electrode or electrode combination in the stimulation therapy

system for sensing one or more physiological parameters. Sensing physiological

parameters may also be accomplished using electrode or sensors that are separate

from the stimulation electrodes, e.g., electrodes capable of delivering stimulation



therapy, but not selected to deliver the stimulation therapy that is actually being

delivered to the patient.

[0026] Accordingly, a biased electrode having an uneven width about the

perimeter of the lead may be selected used, for example, for delivery of electrical

stimulation, sensing electrical signals, such as an electrocardiogram for the reasons

mentioned above, impedance measurements, or uses known for implanted

electrodes in the art. A biased electrode can bias the electric field relative to the

lead body. For example, allowing pacing of the left ventricle while reducing nerve

stimulation such as Phrenic nerve stimulation. Additionally, targeting nerve

stimulation such as the vagus nerve while limiting skeletal muscle stimulation is

also achieved through use of a biased electrode.

[0027] In addition, while the examples shown in the figures include leads coupled

at their proximal ends to a stimulation therapy controller, e.g., implantable medical

device, located remotely from the electrodes, other configurations are also possible

and contemplated. In some examples, a lead comprises a portion of a housing, or a

member coupled to a housing, of stimulation generator located proximate to or at

the stimulation site, e.g., a microstimulator. In other examples, a lead comprises a

member at stimulation site that is wirelessly coupled to an implanted or external

stimulation controller or generator. For this reason, as referred to herein, the term

of a "lead" includes any structure having one or more stimulation electrodes

disposed on its surface.

[0028] FIG. 1 is a conceptual diagram illustrating an example implantable medical

system 10 comprising implantable medical device (IMD) 12, and implantable

medical leads 14, 16 electrically coupled to IMD 12. In the embodiment shown in

FIG. 1, system 10 is implanted to deliver stimulation therapy to heart 5 of patient

18. Patient 18 ordinarily, but not necessarily, will be a human patient.

[0029] In the embodiment shown in FIG. 1, IMD 12 is an implantable cardiac

pacemaker, cardioverter, defibrillator, or pacemaker-cardioverter-defibrillator

(PCD), that generates therapeutic electrical stimulation for pacing, cardioversion or

defibrillation, which may take the form of pulses or continuous time signals.

Leads 14, 16 each include at least one electrode that are each positioned within

(e.g., intravenously) or proximate to heart 5 (e.g., an epicedial lead) in order to



deliver the therapeutic electrical stimulation from IMD 12 to heart 5. In some

embodiments, at least one of leads 14, 16 may provide stimulation to heart 5

without contacting heart 5, e.g., at least one of leads 14, 16 may include a

subcutaneous electrode. The electrodes may be disposed proximate to the distal

ends of leads 14, 16.

[0030] FIG. 2A is a side view of a distal end of an embodiment of a lead 20, which

may, for example, correspond to either of leads 14, 16 of FIG. 1. Lead 20 includes

a lead body 22 extending from a proximal end (not shown) coupled to an IMD

(e.g., IMD 12 of FIG. 1) to a distal end including electrodes 24 and 26. Lead body

22 includes one or more elongated conductors (not shown), one or more electrodes

24, 26, and one or more elongated insulative bodies. The one or more elongated

conductors (not shown) covered or surrounded by one or more elongated insulative

bodies. The electrodes 24, 26 are coupled to the conductors and are not covered by

the insulative body or covering. Allowing electrodes 24, 26 to be exposed to tissue

of the patient allows data to be sensed from the tissue and/or therapy delivered to

the patient. Exemplary conductors such as cabled conductors or wires can

comprise platinum, platinum alloys, titanium, titanium alloys, tantalum, tantalum

alloys, cobalt alloys (e.g. MP35N, a nickel-cobalt alloy etc.), copper alloys, silver

alloys, gold, silver, stainless steel, magnesium-nickel alloys or other suitable

materials. Lead body 22 may be sized based on a target stimulation site within a

patient (e.g., patient 18 of FIG. 1) and a path through the patient that lead 20 can

traverse in order to place electrodes 24 and 26 at the target stimulation site.

Electrodes 24 and 26 may also be sized based on the size of lead 20 and a target

stimulation site within the patient.

[0031] Lead body 22 along with electrodes 24 and 26 may be, for example, sized

to pass through and/or fit in the coronary sinus or a small and/or large coronary

vein. Accordingly, lead 20 may correspond to left-ventricular (LV) lead 14

illustrated in FIG. 1, and be used for LV pacing and/or sensing. As another

example, for vagal stimulation therapy lead body 22 and electrodes 24 and 26 may

be sized to fit within the internal jugular vein of a patient. Lead 20 may also

include a monolithic controlled release device (MCRD) 28 containing a steroid. In



the embodiment illustrated in FIG. 2A, MCRD 28 is positioned between electrodes

24 and 26.

[0032] In the illustrated embodiment, electrode 26 is a tip electrode located at the

distal tip of lead 20. In some embodiments, electrode 26 may be formed to provide

fixation for lead 20, e.g., may be formed as a helix or screw-like electrode for

fixation within tissue of the patient. Electrode 26 may be porous or otherwise

allow passage of a steroid or other material from MCRD 28 to patient tissue.

[0033] In some embodiments, electrode 26 may be a ring electrode with a

substantially circular cross-section. In other embodiments, electrode 26 may

comprise a plurality of segmented or partial ring electrodes, each of the electrode

segments extending along an arc less than 360 degrees (e.g., 90-120 degrees) about

the circumference or perimeter of lead 20. Segmented or partial ring electrodes

may be useful for providing an electrical stimulation field in a particular

propagation direction and/or targeting a particular stimulation site by selective

activation of electrodes most proximate to the site, or facing in the desired

propagation direction.

[0034] As shown in FIG. 2A, electrode 24 is a biased ring electrode. The width of

biased ring electrode 24 as measured along the longitudinal axis 30 of the lead 20,

i.e., a longitudinal direction, varies about the perimeter, e.g., circumference, of the

lead 20. More specifically, the width of ring electrode 24 varies around a

circumference of lead 20 such that the surface area of ring electrode 24 is greater

on one side or portion of lead 20, e.g., within a particular radial section of lead 20.

[0035] In the embodiment illustrated in FIG. 2A, a first radial portion of ring

electrode 24 has a width Wl, and a second radial portion of ring electrode 24 has a

width W2. Width W2 is greater than width Wl such that the portion, e.g., radial

section, of electrode 24 with increased width W2 forms a protrusion in the

direction of longitudinal axis 30. In some embodiments, W2 is about 2 mm to 20

mm larger than width W l . As another example, W2 may be about 1 to 2000

percent larger than width Wl . In yet another embodiment, W2 may be about 25

percent larger than width W l . In yet another embodiment, W2 may be about 30

percent larger than width W l . In yet another embodiment, W2 may be about 40

percent larger than width W l . In yet another embodiment, W2 may be about 50



percent larger than width Wl. In yet another embodiment, W2 may be about 60

percent larger than width Wl . In yet another embodiment, W2 may be about 70

percent larger than width Wl . In yet another embodiment, W2 may be about 80

percent larger than width Wl . In yet another embodiment, W2 may be about 90

percent larger than width Wl . In yet another embodiment, W2 may be about 100

percent larger than width Wl . In yet another embodiment, W2 may be about 200

percent larger than width Wl . In yet another embodiment, W2 may be about 300

percent larger than width Wl . In yet another embodiment, W2 may be about 400

percent larger than width Wl. In yet another embodiment, W2 may be about 500

percent larger than width Wl . In yet another embodiment, W2 may be about 600

percent larger than width Wl. In yet another embodiment, W2 may be about 700

percent larger than width Wl . In yet another embodiment, W2 may be about 800

percent larger than width Wl . In yet another embodiment, W2 may be about 900

percent larger than width Wl. In yet another embodiment, W2 may be about 1000

percent larger than width Wl. The relationship between widths Wl and W2 may

be configured to control the direction of propagation of a stimulation field

generated using biased electrode 24.

[0036] When biased electrode 24 is activated (i.e., as a cathode or an anode) to

deliver stimulation, the resulting stimulation field is biased towards the side or

radial portion of biased electrode 24 having a greater surface area, e.g., propagates

a greater distance outward from the lead body in a radial, transverse or cross-

sectional direction. In contrast, a stimulation field from a ring electrode having a

substantially constant width about the perimeter of a lead body is substantially

equally distributed about the perimeter of the lead 20, i.e., propagates a

substantially constant transverse or radial distance from the lead.

[0037] A biased ring electrode can be useful in directing a stimulation field toward

a target tissue site and/or away from an undesirable tissue site. As one example, a

directional stimulation field may be particularly useful in left ventricle (LV) pacing

applications. The biased ring electrode may allow the field to be directed toward

the myocardium and away from the phrenic nerve.

[0038] As another example, a biased ring electrode may be useful in stimulation of

the vagus nerve. Stimulation of the vagus nerve may be performed to, for



example, decrease or otherwise regulate heart rate. The vagus nerve is positioned

proximate to muscles of the neck, which may inadvertently be stimulated along

with the vagus nerve. Controlling the direction of the stimulation field may aid in

preventing stimulation of the neck muscles.

[0039] As another example, a directional electrical field may be useful in atrial

stimulation, where it may be desirable to avoid stimulating specific ischemic tissue

regions. In general, a biased ring electrode may be beneficial in any application

where controlling the direction of propagation of the stimulation field, e.g., in a

transverse, radial or cross-sectional direction, is desirable.

[0040] Electrode 24 may be activated as a cathode or anode, with electrode 26 or

another electrode, e.g., an electrode located on a housing of an IMD, such as IMD

12, activated with the opposite polarity. Furthermore, although electrode 24 has an

uneven width in the illustrated embodiment, either or both of electrodes 24 and 26

may have an uneven width in various embodiments. Accordingly, in some

embodiments, a tip electrode may be a biased electrode and, in various

embodiments, a biased electrode may act as either an anode or cathode for delivery

of stimulation to a patient.

[0041] Additionally, the disclosure is not limited to embodiments in which the

biased electrode has the shape or form illustrated by electrode 24 in FIG. 2A. A

biased electrode may include a portion, e.g., radial section, that forms a protrusion

in the direction of longitudinal axis 30, as illustrated by electrode 24 in FIG. 2A.

The remainder of the biased electrode may, but need not necessarily, take the form

of a ring electrode with a substantially constant width, as illustrated by electrode

24 in FIG. 2A. However, in other embodiments, a biased electrode may have any

shape or form. For example, one or both of the edges of the electrode may define a

regular, irregular, or random, curvilinear or geometric line around the perimeter of

lead body, such that the width of the electrode in the direction of longitudinal axis

30 varies around the perimeter.

[0042] At least a portion of lead 20, such as electrodes 24 and 26 or a separate

marker loaded in or formed on lead body 22, may include a radio-opaque material

that is detectable by imaging techniques, such as fluoroscopic imaging or x-ray

imaging. For example, electrodes 24 and 26 may be made of platinum or another



material detectable by imaging techniques. This feature may be helpful for

maneuvering lead 20 relative to a target site within the body. Radio-opaque

markers, as well as other types of markers, such as other types of radiographic

and/or visible markers, may also be employed to assist a clinician during the

introduction and withdrawal of lead 20 from a patient. Markers identifying a

portion or side of a lead in which an electrode has a greater width (and,

accordingly, greater surface area) may be particularly helpful. Since the electrodes

rotate with the lead body, a clinician may rotate the lead and the electric field to

stimulate a desire tissue, i.e., rotate the lead such that the portion with greater

electrode surface area faces target tissue and/or is directed away from tissue to

which delivery of stimulation is undesirable. Markers may help guide the rotation

to control the direction of propagation of the stimulation field once the lead is

implanted.

[0043] In the embodiment illustrated in FIG. 2A, electrodes 24 and 26 may be

coupled to an IMD (e.g., IMD 12 of FIG. 1) using an industry standard- 1 (IS-I)

connector, which allows the connection of up to two independently activatable

channels. More specifically, electrical conductors (not shown) may couple

electrodes 24 and 26 to an IMD (e.g., IMD 12 of FIG. 1) via an IS-I connector.

Some commercially available IMDs are configured according to the IS-I standard.

An IS-I compatible lead may be easily coupled to these commercially available

devices. In other embodiments, lead 20 may include any configuration, type, and

number of electrodes 24 and 26 and is not limited to the embodiment illustrated in

FIG. 2A.

[0044] FIG. 2B is a cross-sectional view of a distal end of implantable medical

lead 20 illustrating radial section 32. Radial section 32 corresponds to the portion

of electrode 24 with increased width W2 in the direction of longitudinal axis 30 as

illustrated in FIG. 2A. Radial section 32 extends around a portion of the perimeter

of lead 20. Due to the increased width W2 of electrode 24 at radial section 32,

electrode 24 also has an increased surface area at radial section 32. When biased

electrode 24 is activated (i.e., as a cathode or an anode) to deliver stimulation, the

resulting stimulation field is biased towards radial section 32 of biased electrode

24, i.e., the resulting stimulation field propagates a greater distance outward from



lead 20 in a radial, transverse or cross-sectional direction. Outlines 34A and 34B

represent the outer boundaries of example stimulation fields that may be generated

when biased electrode 24 is activated to deliver stimulation and illustrate how the

stimulation fields propagate a greater distance outward from lead 20 proximate to

radial section 32 compared to the other portions of the perimeter of lead 20. The

actual stimulation field is dependent not only on the shape of biased electrode 24,

but also other factors such as the amplitude of stimulation therapy, the location and

configuration of addition electrodes such as electrode 26, as well as the impedance

of patient tissue or other substances adjacent to the stimulation field. As referred

to herein, an amplitude of stimulation therapy may be characterized as a magnitude

of a time varying waveform. For example, an amplitude of stimulation therapy

may be measured in terms of voltage (volts), current (ampere), or electric field

(volts/meter). Typically, amplitude is expressed in terms of a peak, peak to peak,

or root mean squared (rms) value.

[0045] FIG. 3 is a side view of a distal end of another embodiment of an

implantable medical lead 40. Lead 40 is similar to lead 20 of FIGS. 2A and 2B

but, as described in further detail below, includes three electrodes 44A, 44B, and

46. Lead 40 includes a lead body 42 that extends from a proximal end (not shown)

coupled to an IMD (e.g., IMD 12 of FIG. 1) to a distal end that includes electrodes

44A, 44B, and 46. Electrode 46 may take any of the forms described above with

respect to electrode 26 and FIG. 2A. Furthermore, lead 40 may include an MCRD

50 that may substantially similar to and provides substantially the same

functionality as MCRD 28 described above with respect to FIG. 2A.

[0046] In the embodiment illustrated in FIG. 3, lead body 42 includes two biased

ring electrodes 44A and 44B. A width of each of electrode 44A and 44B as

measured along the direction of longitudinal axis 52 of the lead body 42, i.e., a

longitudinal direction, varies around a perimeter of lead 40. In the embodiment

illustrated in FIG. 3, electrodes 44A and 44B are substantially complimentary. In

particular, as shown in FIG. 3, when the width of one of electrodes 44A and 44B in

the longitudinal direction changes, the width of the other of electrodes 44A and

44B also changes with a substantially equal but opposite magnitude. Thus, in the

embodiment illustrated in FIG. 3, the sum of the widths of electrodes 44A and 44B



may be substantially about the same at any circumferential position of lead 40.

Substantially about the same, in one embodiment, means that the sum of the widths

of electrodes 44A and 44B are within 20 percent of one another. Electrodes 44A

and 44B are also complimentary in the sense that the lines (curvilinear in the

illustrated example) around the perimeter of lead 40 formed by the adjacent edges

of the electrodes, e.g., the edges where electrodes 44A and 44B interface, are

substantially similar. Insulative material 48 separates electrodes 44A and 44B to

electrically isolate electrodes 44A and 44B. For example, insulative material 48

may comprise polyurethane, silicone, and fluoropolymers such as

tetrafluroethylene (ETFE), polytetrafluroethylene (PTFE), and/or expanded PTFE

(i.e. porous ePTFE, nonporous ePTFE).

[0047] The surface area and shape of each of electrodes 44A, 44B, and 46 may be

selected based on the desired stimulation field. For example, the surface area and

shape of each of electrodes 44A, 44B, and 46 may be selected to aid in selectively

exciting a tissue based on the geometrical proximity to lead 40 and/or the field

gradient to which the target tissue responds. Any of electrodes 44A, 44B, and 46

may be configured as a cathode or an anode to aid in creating the desired

stimulation field. As one example, electrode 44A may be configured as an anode,

and electrode 44B may be configured as a cathode to create a desired stimulation

field. As another example, electrode 46 may be activated as an anode or cathode,

and one of electrodes 44A and 44B may be activated with the opposite polarity.

Which of electrodes 44A and 44B is selected may be based on a desired direction

of propagation or shape of the stimulation field.

[0048] FIG. 4 is a side view of a distal end of an embodiment of an implantable

medical lead 60. Lead 60 includes a lead body 62 that extends from a proximal

end (not shown) coupled to an IMD (e.g., IMD 12 of FIG. 1) to a distal end that

includes electrodes 64A-64C and 66. Lead body 62 may be sized to fit in a small

and/or large coronary vein. Accordingly, electrodes 64A-64C and 66 may also be

sized based on the size of lead body 62 and a target stimulation site within a patient

(e.g., patient 18 of FIG. 1). In other embodiments, lead 60 may include any

configuration, type, and number of electrodes 64A-64C and 66 and is not limited to

the embodiment illustrated in FIG. 4 .



[0049] In the embodiment illustrated in FIG. 4, lead 60 includes biased ring

electrode 66 at its distal tip and three biased ring electrodes 64A-64C axially

displaced from biased ring electrode 66. A width of each of electrode 64A-64C

and 66 in the longitudinal direction, i.e., in the direction along a longitudinal axis

(not shown) of lead 60, varies around a circumference or perimeter of lead 60. For

example, electrode 64 includes an increased width and surface area at one portion

of the circumference of lead 60.

[0050] Electrodes 64A and 64B are substantially complimentary. For example,

when one of electrodes 64A and 64B changes shape along the interface between

electrodes 64A and 64B, the other of electrodes 64A and 64B also changes shape

in an opposite direction but with an equal magnitude. Similarly, electrodes 64B

and 64C are also substantially complimentary. In the embodiment illustrated in

FIG. 4, the sum of the widths of electrodes 64A-64C may be substantially the same

at any circumferential position of lead 60. Insulative material 68 separates

electrodes 64A and 64B and also separates electrodes 64B and 64C. Insulative

material 68 may aid in electrically isolating electrodes 64A-64C. For example,

insulative material 68 may comprise polyurethane, silicone, and fluoropolymers

such as tetrafluroethylene (ETFE), polytetrafluroethylene (PTFE), and/or expanded

PTFE (i.e. porous ePTFE, nonporous ePTFE).

[0051] The surface area and shape of each of electrodes 64A-64C and 66 may be

selected based on the desired stimulation field. For example, the surface area and

shape of each of electrodes 64A-64C and 66 may be selected to target a tissue

based on the geometrical proximity to lead 60 and/or the field gradient to which

the target tissue responds. Any of electrodes 64A-64C and 66 may be configured

as a cathode or an anode to aid in creating the desired stimulation field. As one

example, electrodes 64A and 64C may be configured as anodes and electrode 64B

may be configured as a cathode to create a desired stimulation field. As another

example, electrode 66 may be activated as an anode or cathode, and one of

electrodes 64A-64C may be activated with the opposite polarity to create a desired

stimulation field, with the selection of which of electrodes 64A-64C is activated

being based on the desired stimulation field, the orientation of lead 60 and



electrodes 64A-64C relative to target patient tissue for stimulation or tissue to be

avoided, or the like.

[0052] Lead 60 also includes conductors 70A-70C and 72 electrically coupled to

electrodes 64A-64C and 66, respectively. In the illustrated embodiment,

conductors 70A-70C are coiled along the length of lead body 62, and conductor 72

lays axial to conductors 70A-70C. Although not illustrated in FIG. 4, conductor 72

may also be coiled, and may or may not be braided with conductors 70A-70C. In

the embodiment illustrated in FIG. 4, each of conductors 70A-70C and 72 is

electrically coupled to a single one of electrodes 64A-64C and 66, respectively. In

this manner, each of electrodes 64A-64C and 66 may be independently activated.

Electrodes 64A-64C and 66 may be coupled to an IMD (e.g., IMD 12 of FIG. 1)

using, for example, an industry standard-4 (IS-4), which allows the connection of

up to four independently activatable channels. More specifically, conductors 70A-

7OC and 72 may couple electrodes 64A-64C and 66 to an IMD (e.g., IMD 12 of

FIG. 1) via an IS-4 connector.

[0053] The configuration, type, and number of electrical conductors 70A-70C and

72 is not limited to the embodiment illustrated in FIG. 4 and, in other

embodiments, lead 60 may include any configuration, type, and number of

conductors. As one example, in some embodiments, each of conductors 70A-70C

and 72 may be coiled conductors. Additionally or alternatively, one conductor

may be electrically coupled to two or more electrodes. Additionally, each of leads

12, 14, 20 and 40 may include conductors to electrically couple its electrodes at the

distal end of its lead body to an IMD (e.g., IMD 12 of FIG. 1) coupled to the

proximal end of its lead body. In another embodiment, a lead including multiple

electrodes may include a multiplexer or other switching device such that the lead

body may include fewer conductors than electrodes while allowing each of the

electrodes to be individually selectable.

[0054] FIG. 5 is a flowchart illustrating a method of using an implantable medical

lead with a biased electrode. A lead comprising a biased electrode is inserted into

a patient (80) and its distal end is guided to a target tissue site. The target tissue

site may be, for example, the myocardium of the heart, near the phrenic nerve, the



vagus nerve, or any other location where controlling the direction of propagation of

the stimulation field is desirable.

[0055] Once the distal end of the lead is positioned at the target tissue site, an

orientation of the lead is visualized (82), and the orientation is adjusted based on

the visualization (84). As described previously, radio-opaque markers, as well as

other types of markers, such as other types of radiographic and/or visible markers,

may also be employed to assist a clinician during the introduction and withdrawal

of a lead comprising a biased electrode from a patient. Markers identifying a

portion or side of a lead in which an electrode has a greater width (and,

accordingly, greater surface area) may be particularly helpful. Since the electrodes

rotate with the lead body, a clinician may rotate the lead and the electric field to

stimulate a desire tissue, i.e., rotate the lead such that the portion with greater

electrode surface area faces target tissue and/or is directed away from tissue to

which delivery of stimulation is undesirable. Markers may help guide the rotation

to control the direction of propagation of the stimulation field once the lead is

implanted.

[0056] Once the lead is properly orientated, therapy is delivered to the patient

using one or more electrodes of the lead (86). For example, a medical device

coupled to the implantable medical lead may activate the electrode to deliver

therapy to the patient. In some embodiments, the medical device may deliver one

or more electrical test signals to the patient to verify that the lead is properly

orientated prior to initiating therapy delivery.

[0057] FIG. 6 is a flowchart illustrating a method of manufacturing an implantable

medical lead with a biased electrode. The method comprises forming a lead body

(90) and coupling the biased electrode to the lead body (92). In some

embodiments, the lead body is formed using extrusion, and the biased electrode

may be positioned on the lead body such that an outer surface of the biased

electrode is substantially flush with an outer surface of the lead body. In other

embodiments, the biased electrode is placed in a mold and an electrically insulating

material is injected into the mold to create the lead body. In this manner, the

biased electrode may be integral to the lead body.



[0058] Additionally, an electrical conductor is coupled to the biased electrode (94).

The conductor extends from a proximal end of the lead body to the biased

electrode and allows a medical device coupled to the proximal end of the lead body

to deliver an electrical signal to the biased electrode. In one embodiment, the

conductor is placed within a lead body coupled to the biased electrode. A distal

end of the conductor may be welded or otherwise coupled to the biased electrode.

In some embodiments, the electrically insulating lead body includes an aperture

that allows the conductor and biased electrode to make electrical contact. In

embodiments in which the lead body is injection molded, the conductor may be

electrically coupled to the biased electrode and positioned within the mold prior to

the injection of the electrically insulating material. As this example illustrates, in

some embodiments, the conductor may be coupled to the biased electrode before

the lead body is formed and/or before the biased electrode is coupled to the lead

body.

[0059] Various examples have been described. However, one of ordinary skill in

the art will appreciate that various modifications may be made to the described

examples. For example, although leads in which biased electrodes are ring

electrodes or otherwise extend substantially completely around the perimeter of the

lead have been described herein, a biased electrode may be discontinuous or

otherwise extend only partially around the perimeter of a lead, but nevertheless

have a width that varies in the longitudinal direction around the perimeter of the

lead. As another example, leads used in conjunction with the techniques described

herein may include fixation mechanisms, such as tines that passively secure a lead

in an implanted position or a helix located at a distal end of the lead that required

rotation of the lead during implantation to secure the helix to a body tissue.

Further, although depicted herein as being located at a distal end of a lead body, in

other examples a biased electrode may be located on any portion of a lead body.



CLAIMS:

1. An implantable medical lead comprising:

a lead insulative body; and

an electrode along a perimeter of the insulative body, wherein a width of

the electrode as measured along a longitudinal direction of the insulative body

varies about a perimeter of the lead.

2. The lead of claim 1, wherein the electrode comprises a ring electrode.

3. The lead of claim 1 or 2, wherein the electrode comprises a first electrode,

further comprising a second electrode axially displaced along a length of the lead

from the first electrode.

4 . The lead of claim 3, wherein a width of the second electrode varies in the

longitudinal direction about the perimeter of the lead.

5. The lead of claim 4, wherein a sum of the width of the first electrode and

the width of the second electrode being substantially about the same around the

perimeter of the lead.

6. The lead of any of claims 3 to 5, wherein the second electrode comprises a

plurality of electrode segments, each of the electrode segments extending around

less than the entire perimeter of a lead.

7. The lead of any of claims 3 to 6, further comprising a third electrode,

wherein a width of the third electrode varies about the perimeter of the lead.

8. The lead of claim 7, wherein a sum of the width of the first electrode, the

width of the second electrode, and the width of the third electrode is substantially

the same about the perimeter of the lead.



9. The lead of claim 7 or 8, further comprising an insulative material between

the first and second electrodes and the second and third electrodes.

10. The lead of any of claims 7 to 9, further comprising a fourth electrode

positioned at a distal tip of the lead.

11. The lead of claim 3, wherein the second electrode comprises a tip-ring

electrode positioned at a distal tip of the lead.

12. A system comprising:

an implantable medical lead according to any of claims 1 to 11; and

a medical device that delivers electrical stimulation via the electrode.

13. The system of claim 12,

wherein the lead is an implantable medical lead according to any of claims

3 to 11,

wherein the medical device selectively activates at least one of the first

electrode and the second electrode to control a direction of propagation of a

stimulation field emanating from the selected electrodes.

14. The system of claim 12 or 13, wherein the medical device comprises a

cardiac stimulator.

15. A method of manufacturing an implantable medical lead comprising:

forming a lead body over at least one conductor; and

coupling an electrode to the conductor, wherein a width of the electrode as

measured along a longitudinal direction of the lead varies about a perimeter of the

lead after coupling the electrode to the conductor.
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