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ELECTRODE DESIGNS IN IMPLANTABLE DEFIBRILLATOR SYSTEMS

CROSS-REFERENCE TO RELATED PATENT DOCUMENTS

The present application claims the benetit of and priority to US Provisional
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Patent Application Serial Number 62/331,737, filed on May 4, 2016, and titled
ELECTRODE DESIGNS IN IMPLANTABLE DEFIBRILLATOR SYSTEMS and to
US Provisional Patent Application Serial Number 62/344,042, filed on June 1, 2016,
and titled ELECTRODE DESIGNS IN IMPLANTABLE DEFIBRILLATOR
SYSTEMS the disclosures of which are mncorporated herein by reference. The present
10 application is related to US Provisional Application Serial Number 62/331,721 filed
on May 4, 2016 and titled DELIVERY TOOLS IN IMPLANTABLE
DEFIBRILLATOR SYSTEMS, the disclosure of which is incorporated herein by

reference.

15 BACKGROUND

The 5-ICD System™ from Cameron Health, Inc | and Boston Scientific
Corporation presents a new opportunity in cardiac rhyvthm management to reduce the
complications associated with transvenous defibrillator systems. The defibnllator
system itself may be implanted subcutaneously without accessing the vasculature or

20 touching the heart.

The first approved commercial version of the S-ICD System™ delivered
approximately 80 Joules of energy for defibrillation therapy. To supply this amount
of energy in a timely fashion over the life of the device, three high power capacitors
and three batteries were used in the first approved 5-1CD System™ devices.

25 Enhancements to reduce the total energy required may allow for reduction in size by
facilitating the use of smaller or fewer batterics and/or capacitors. In addition, it is
desired to increase the already high hikelihood of sucoessful tmplantation as measured
by the ability to convert induced ventricular fibrillation at implant using 635 Joule
therapy (an mmputed success rate of 96.3% was calculated m PMA P11042: FDA

30 Sunwnary of Safety and Effectiveness Data, available online at
hitp:/fwww accessdata. fda gov/cdrh docs/pdfl1/P110042h . pdf). New and alternative
defibrillation lead and electrode designs, as well as alternative implant tools and

methods, may be usefud to achieve these goals.
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OVERVIEW
The present inveniors have recognized, among other things, that a problem to
¢ solved is the provision of new and different lead designs and delivery tools for use

therewith for implantable defibritlators. Vanous electrode designs are shown below,
as are new tools for implanting such devices. Some electrodes have a width or
surface area that is larger than typical shocking electrodes. The increased surface area
or shadow may reduce the defibrillation threshold. Some clectrodes may move
between a low profile delivery configuration and an expanded mplanted
configuration. Embedded electrodes and/or printed circuit electrodes may also be
used to reduce the defibrillation threshold.

This overview 1s intended to provide an overview of subject matter of the
present patent application. It ts not intended to provide an exclusive or exhaustive
explanation of the invention. The detailed description is included to provide further

mformation about the present patent application.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings, which are not necessanly drawn to scale, like numerals may
deseribe similar components m different views. Like numerals having different letter
suffixes may represent different mstances of similar components. The drawings
dlustrate generally, by way of example, but not by way of limitation, variocus
embodiments discussed in the present document.

Figure | shows an illastrative implantable cardiac rhythm management
system;

Figure 2 shows an illustrative method in block flow form;

Figures 3A-3C show an illustrative electrode for use with an mmplantable
cardiac rhythm management svstem;

Figures 3B8-3E show another illustrative electrode for use with an implantable
cardiac rhythm management system;

Figures 4A-40 show another illustrative electrode for use with an implantable
cardiac rhythm management system;

Figures 5A-5B show another illustrative electrode for use with an tmplantable
cardiac thythm management system;

Figures 6A-6B show another illustrative electrode for use with an implantable

cardiac rhythm management system;
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Figure 7 shows another illastrative electrode for use with an nmplantable
cardiac rhythm management system;
Figures 8A-8E show another llustrative electrode for use with an implantable

cardiac rhythm management svstem;

whn

Figures 9A-9B show another illustrative electrode for use with an implantable
cardiac rhythm management system;
Figure 10 shows another iilustrative electrode for use with an implantable
cardiac rhythm management system;
Figure 11 shows an illustrative prior art electrode introducer tool:
10 Figures 12A-12C show an llustrative tunneling tool;
Figures 13A-~13D show another dlusirative tunneling tool;
Figures 14A-14C show another illustrative tunneling tool;
Figures 15A-15E show an dlustrative tunneling tool having an inflatable
element;
15 Figures 16A-16B show another illustrative tunneling too! having an inflatable
element:
Figures 17A-17G show several details and variants for another illustrative
tonneling tool;
Figures 18A-18B show another illustrative tunneling tool;
20 Figures 19A-19B show another illustrative tunneling tool;
Figures 20A-20B show another illustrative tunneling tool; and

Figures 21 A-2 1B show another illustrative tunneling tool.

DETAILED DESCRIPTION

25 Figure | shows the subcutancous implantable cardioverter-defibnllator (8-
ICD) System™ from Cameron Health, Inc., and Boston Scientific Corporation, as
umplanted in a patient. The system is implanted in a patient 10 with a canister 12
the left axilla at about the level of the cardiac apex. A lead 14 15 placed
subcutancously, beneath the skin and over the rnibcage of the patient, with a first

30 portion extending along the inframammary crease to the xiphoid, and then supenorly
paratlel to and about 1-2 cm to the left of the sternom. A proximal sense clectrode 16,
shockmg coil electrode 18, and distal tip sensc electrode 20 are provided along the
parasternal portion of the lead 14. The entire system is implanted outside of the

nbcage.
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The camster 12 may include componentry appropriate for communication
{such as RF communication, nductive telemetry or other suitable commumnication
linkage) with an external device such as a progranvmer 22. For cxample, during an
mplantation procedure, once the canister 12 and lead 14 are placed, the programmer
22 may be used to activate the canister 12 and/or direct/observe diagnostic or
operational tests. Afier implantation, the programmer 22 may be used to non-
mvasively deternine the status and history of the implanted device. The programmer
22 in combination with the canister 12 may alse allow annunciation of statistics,
errors, history and potential problems to the user/medical practitioner, and may also
allow for updating of progranuning 1 the canister 12, Though not shown, the system
may also be used with a remote monitor, as such systems are known in the art.

The placement of a defibrillator system entirgly subcutanecusly can be
associated with a need for higher voltage, power and/or current when delivering
therapy defibrillation and/or pacing therapy. Oue effect of higher power and/or
voltage requirements is that the size of the implantable canister 12 mayv be himited by
anced, for example, to include two or even three batteries and/or high power
capacitors. For example, the S-1CD Systera® as approved by the United States Food
and Drug Administration m 2012 had three batteries and three high power capacitors,
which consumed the vast mgjority of the implantable device volume.

Oue proposed solution for reduction of power is placement of the lead 14
beneath the stermum, such as discussed m Guenther et al., Substemal Lead
Implantation: A Novel Option to Manage DFT Failure 1 5-ICD Patients, Clin. Res.
Cardiol (2015) 104:189-191. Some tools and methods to perform substernal
implantation are discussed in US Provisional Patent Application 62/195,695, titled
SUBSTERNAL PLACEMENT OF A PACING AND/OR DEFIBRILLATING
ELECTRODE, the disclosure of which is incorporated herein by reference. The
cnhancements suggested in the present patent application may be mmplemented in
subcutancous-only and/or substernal lead systems. It should be noted that while the
example of Figure 1 shows a device implanted without any leads and/or electrodes m
or on the heart, the enhancements hersin may also be used in systems that include one
or more such leads or electrodes. Additionally, while Figure 1 shows a left lateral or
axillary canister 12 with a parasternal [cad 14, other positions may be used instead
such as those shown in US Patents 6,721,597 and 7,149,573, the disclosure of which

are incorporated herein by reference. For example, and without hmitation, the
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canister 12 may be placed antenior, right-sided, posterior, abdommal,
pectoral/infraclavicular, or placed in any other desived position, with the lead 14
extending vertically or horizontally on the anterior, side, or posterior of the patient’s
torso, for example. Additional enhancements are desired, both in terms of the
electrode and lead to be wmplanted as well as methods and fools for such implantation.

Figure 2 shows an illustrative method of implantation in block flow form. In
this example, the patient is prepared at 200 for implantation of the device. The patient
may undergo screening and testing {0 ensure appropriate patient selection using
device indications and the hke. Optionally, in some examples a pre-screen check may
be performed as disclosed in US Patent 8,079,959, titled PATIENT SCREENING
TOOLS FOR IMPLANTABLE CARDIAC STIMULUS SYSTEMS, the disclosure of
which is incorporated herein by reference. The patient may also be prepared by
delivery of anesthetics and or other medications and stenile field, etc. will be prepared,
as 1s known in the art.

One or more mcisions are then made as indicated at 202, The incisions may
mehide, for example, those suggested by Figure 1 including an incision i the left
axilla and another at or near the xiphoid process. Some procedures may further
meliude a superior incision at or inferior to the manubnum for a subcutaneous troplant
procedure. Methods and devices for subcutancous implantation of a lateral/axillary
camister with parasternal lead are discussed further in US Patent No. 8,157,813, titled
APPARATUS AND METHOD FOR SUBCUTANEOUS ELECTRODE
INSERTION, and US PG Publication No. 20120029335, titled SUBCUTANEQOUS
LEADS AND METHODS OF IMPLANT AND EXPLANT, the disclosures of which
are incorporated herein by reference.

Alternatively, a substernal implant procedure may include a xiphoid or sub-
siphoid incision allowing tunneling along the back side of the stermum, such as in US
Provisional Patent Application No. 62/195,695, utled SUBSTERNAL PLACEMENT
OF A PACING OR DEFIBRILLATING ELECTRODE, the disclosure of which is
meorporated herein by reference. It has also been proposed to use a single-incision
implant procedure with a steerable insertion tool, for example in US Provisional
Patent Application No. 62/193,700, titled MINIMALLY INVASIVE METHOD TO
IMPLANT A SUBCUTANEQUS ELECTRODE, or US Patent 6,647,292, titled
UNITARY SUBCUTANEOUS ONLY IMPLANTABLE CARDIOVERTER-
DEFIBRILLATOR AND OPTIONAL PACER the disclosures of which are
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meorporated herein by reference. If a subcutanecus implant position other than that
shown 1 Figore | is desired, the mcisions may be placed elsewhere as desired,
nchuding for example, for use with right sided, anterior-posterior, or other imoplant
posttions such as shown in US Patent 6,721,597, titled SUBCUTANEQGUS ONLY
IMPLANTABLE CARDIOVERTER DEFIBRILLATOR AND OPTIONAL PACER,
and 7,149,575, titled SUBCUTANEOUS CARBIAC STIMULATOR DEVICE
HAVING AN ANTERIORLY POSITIONED ELECTRODE, the disclosures of
which are mcorporated herein by reference.

A subcutaneous or substernal tunnel for emplacement of a lead is then made,
as indicated at 204. The tunnel, for the most part, is tormed by separating tissuc
layers, as opposed to tearing through tissue layvers themselves, and is desirably made
as close to the fascia as it can in order to avoid capturing subcutaneous fat or other
tissue in the electrical therapy field. Tunneling may be performed using a bhunt-ended
{for example, bullet-shaped) and stiff clectrode insertion tool speciallv made for the
purpose of tunneling to implant a subcutancous clectrode.

With the tunnel formed, a lead 1s emplaced as shown at 206, Various methods
for emplacing the lead can be used. In some examples, a suture may be attached to an
end of a lead afier being passed through the subcutancous tunnel and the suture is then
used to pull the end of the lead from one incision to another (see, for example, US PG
Publication No. 20120029335 and or the labeling of the 5-1CD System as originally
approved by the FDA in PMA P11042). In other examples, tunncling may be
performed with a sphittable sheath placed over a unnehing tool, and the tunnehing tool
is removed while keeping the sheath i place, sach that the lead can be inserted into
the splittable sheath to the desired position. In other examples a lead and an insertion
tool may include attachment features, such as tines, eyelets or other features, allowing
attachment therebetween, as shown for example in US Patent No. 7,657,322, titled
SUBCUTANEOUS ELECTRODE WITH IMPROVED CONTACT SHAPE FOR
TRANSTHORACIC CONDUCTION, and US Patent No. 8,718,793, titled
ELECTRODE INSERTION TOOLS, LEAD ASSEMBLIES, KITS AND METHODS
FOR PLACEMENT OF CARDIAC DEVICE ELECTRODES, the disclosures of
which are incorporated herein by reference. Lead placement may also include
securing the lead in a desired position by the use of sutures, clips, suture sleeves, or
other devices and steps. For example, a suture sleeve mntegrated into or on the lead, or

a suture hole, may be secured at a desired location such as (assuming mplant as in

6
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Figure 1} at the end of the lead along the stermum or near the xiphoid, with the suture
being secured desirable to the fascia for secure anchoring. US Provisional Patent
Application No. 62/195,695 also includes some discussion of anchoring fora
substernal location.

A pocket for receiving the canister of the device is also prepared, as shown at
208. Pocket preparation 208 may be done manually or using a blunt tool, for
example. The ICD canister is then placed in the prepared pocket as shown at 210, and
the fead 1s attached to the ICD canister, as shown at 212. The exact order of steps
may vary; in some examples, step 212 may precede step 210 such that the lead i
attached to the canister prior to placement of the canister. Step 212 may include, for
example, the use of a setscrew to secure the lead and camister together. Step 210 may
also include, again, suturing the ICD canister down to the fascia, if desired.

The system then may undergo configuration and testing as indicated at 214.
Configuration may include setting various paramcters, such as parameters for
determining whether a treatable arrhythmia 1s occurning (for example, setting rate
boundaries to define ventricular fibrillation and ventricular tachyarrhythmia for the
patient), sctting scusing parameters such as sensing vector selection, gain setting or
other parameters, setting therapy parameters ncluding pacing and detibnliation
therapy parameters, or any other suitable parameters. System test may include the
performance of induction testing, in which the patient’s heart is placed in an
arrhythmic state (such by mducing veuntricular fibrillation by application of a stimulus
on the T-wave, a long DC signal, or the use of a relatively fast 40 to 80 Hz signal),
and the device 1s allowed detect the arthythmia and deliver therapy to ensure both that
the device can sense appropriately and that the delivered therapy will work for its
miended purposes.

If system configuration and testing 18 completed appropriately in block 214,
the procedure can end by closing all incisions as shown at 216 and/or other
appropriate post-surgery steps. As noted above, the steps in Figure 2 may be
performed in an order other than that shown. Following the close of surgery 216,
other testing and configuration steps may be performed as well prior to release of the
patient, such as further setting of the sensing configuration, if desired.

Figure 3A shows a top view of an illustrative lead and electrode assembly 300
for use with an implantable cardiac rhythm management system, such as, but not

fimated to the S5-1CD System™ from Cameron Health, Inc. and Boston Scientific
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Corporation described above with respect to Figure 1. While not explicitly shown,
the lead 302 mayv include a proximal cnd with a proximal pin which along with
additional contacts serves in this example as an electrical contact, which may be

separated by insulating material. The proximal end may further include seal plugs. A

whn

proximal plag sheath may be provided for a region near the proximal end of the lead

302. The pin, contacts, insulating material, and seal phugs may be configured for

placement mnside a bore on a header of an implantable pulse generator. In some

embodiments, the proximal end may have standard plug designs (DF-1, DF-4, etc))

for use in other devices. The lead 302 extends from this proximal configuration

10 through an intermediate region 304 to a distal end having a proximal electrode 306, a
coil electrode 308, and a distal tip electrode 310, The positioning and/or spacing of
the electrodes 306, 308, 310 may be adjusted and/or reconfigured to optimize sensing
and/or therapy delivery. For example, both sensing electrodes 306, 310 may be
placed proximal to or distal to the coil clectrode 308, This is just an example. It is

15 contemplated that the electrodes 306, 308, 310 may be placed beneath the skin and
over the ribcage of the patient. In other embodiments, the electrodes 306, 308, 310
may be placed in a substomal location using an implant procedure that may include a
xiphoid or sub-xiphoid incision that allows for tanneling along the back side of the
sternum. The electrodes 306, 308, 310 may also be placed elsewhere as desired

20 including for example, for use with nght sided, anterior-posterior, or other implant
posttions. Some itllustrative discussion of a lead as used in the S-ICD™ Systom is
provided in US Patent 8,483,841,

Lead 302 is shown for tthustrative purposes, however, other designs and

configurations mncluding fewer, more or different electrodes 306, 308, 310, or

25 comfacts, may be used. Additional design elements such as bifurcation or other
splitting, paddles or other designs may be used instead with an anchoring device
attached at the time of implant. The lead 302 is not shown as including a passageway
for a stvlet to use during introduction, however, a lumen for that purpose may be
provided if desired. In the illustrative example, the lead 302 has a body that contains

30 passageways having connectors therein for coupling the proximal contacts to the cotl

308, proximal ¢lectrode 306, and/or distal electrode 310,

The distal tip electrode 310 is shown with a suture hole 312, The suture hole

312 may be coupled to a base portion 314, Other designs may be used. In some
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embodiments, a suture hole 312, or other fixation means, may not be reqaired and/or
may not be provided.
As used herein, a coil clectrode may be a helically wound element, filament,

or strand. The filament forming the coil may have a generally round or a generally

whn

flat {¢.g. rectangular) cross-sectional shape, as desired. However, other cross-

sectional shapes may be used. The coil electrode may have a closed pitch, or in other

words, adjacent windings may contact one another. Alternatively, the coil electrode

may have an open pitch such that adjacent windings are spaced a distance from one

another. The pitch may be uniform or varied along a length of the coil electrode. A

10 varied piich may be gradual tapered changes in pitch or abrupt or step-wise changes in
pitch.

The shocking coil electrode 308 may have a generally flattened cross-sectional
configuration, although this is not required. For example, referring to Figures 3B and
3C which llustrate an cnd view and a perspective view, respectively, of the

15 illustrative coil electrode 308, the coil electrode 308 may have a cross-sectional shape
that generally takes the form of an oval. The cross-sectional shape may have two
curved ends and two paraliel sides connecting the curved ends. Other cross-sectional
shapes may also be used, includmg, but not imited to, rectangular, polyvgonal,
circular, square, etc. The coil electrode 308 mav have a length L that ts generally

20 larger than a width W. The width W may be generally larger than a height H of the
electrode 308, The length L of the clectrode 308 may be in the range of 5010 110
nitilimeters {mm), 60 to 100 mm, 70 to 90 mm or about 80 mam. The width W of the
electrode 308 may be in the range of T to 40 mm, 5to 35 mm, 10 t0 30 mm, 15t0 25
mm, or about 20 . The height H of the electrode 308 may be in the range of 0.5

25 mmio 6 mm, T mm to 5 mm, 2 mm to 4 mm, or about 3 mm. The coil electrode 308
may have a larger surface area and/or shadow than a typical shocking coil electrode.
It is contemplated that mcreasing the surface area and/or shadow of the shocking
electrode 308 may allow the defibnliation threshold to be lowered which may allow
the camister, such as canister 12, 1o have a smaller profile.

30 The cotl electrode 308 may be formed from a round or flat (nbbon) wire, as

desired. In some embodiments, the coil electrode 308 may be formed as a

subassembly and placed over the lead body 302, Alternatively, the coil clectrode 308

may be formed as a umitary structure with or otherwise formed over the lead body

302. While not explicitly shown, the coil clectrode 308 may inclode a tumen or

o
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passageway for receiving a stylet or other delivery ard. In some mstances, adjacent
windings 316 of the coil electrode 308 may be in contact with one another while in
other instances adjacent windings 316 may be spread out or spaced a distance from
one another, as desired.

A thin permeable membrane may be positioned over the coil 308 and/or other
portions of the lead and electrode assembly 300 to mhibif tissue ingrowth. Coatings,
such as, but not limited to expanded polvtetratiuorocthylene (ePTFE) may also be
apphied to the lead and electrode assembly 300, or portions thereof, to facilitate
extraction and/or to reduce tissue ingrowth. In some embodiments, one or more of the
clectrodes 306, 308, 310 may be include a bigh capacitive coating such as, but not
fimited to indium oxide (IrOx), titanium nitride (TiN)}, or other “fractal” coatings
which may be used, for example, to improve electrical performance. The lead and
clectrode assembly 300, or portions thereof, may include treatments in local areas to
mncrease attachment, such as, for example, along the length of the lead, near an
electrode, or at or near the distal tip, the inclusion of a roughened surface, a surface of
different polymer or other material, or a local a coating to encourage tissue growth
such as a steroid.

Figure 3D shows a top view of an illustrative lead and electrode assembly 350
for use with an implantable cardiac rhythm management system, such as, but not
fimated to the S5-1CD System™ from Cameron Health, Inc. and Boston Scientific
Corporation described above with respect to Figure 1. While not explicitly shown,
the lead 352 may include a proximal end with a proximal pin which along with
additional contacts serves in this example as an electrical contact, which may be
scparated by insulating material. The proximal end may further include seal plugs. A
proximal plag sheath may be provided for a region near the proximal end of the lead
352. The pin, contacts, insulating material, and seal plugs may be configured for
placement inside a bore on a header of an implantable pulsc generator. In some
embodiments, the proximal end may have standard plug designs (DF-1, DF-4, ctc.)
for use in other devices. The lead 352 extends from this proximal configuration
through an intermediate region 354 {o a distal end having a proxamal clectrode 356, a
solid surtace electrode 358, and a distal tip electrode 360. The positioning and/or
spacing of the electrodes 356, 358, 360 may be adjusted and/or reconfigured to
optimize sensing and/or therapy delivery. For example, both sensing electrodes 356,

360 may be placed proximal to or distal to the solid surface clectrode 358, This 1s just

10
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an example. It s contemplated that the electrodes 356, 358, 360 may be placed

eneath the skin and over the ribcage of the patient. In other embodiments, the
clectrodes 356, 358, 360 may be placed in a substernal location using an mplant
procedure that may include a xiphoid or sub-xiphoid incision that allows for tunneling
along the back side of the sternum. The electrodes 356, 358, 360 may also be placed
clsewhere as desired meluding for example, for use with right sided, anterior-
posterior, or other implant positions. Some iHustrative discussion of a lead as used in
the S-ICD™ System is provided in US Patent 8 483 841

Lead 352 15 shown for dhustrative purposes, however, other designs and
configurations mncluding fewer, more or different electrodes 356, 358, 360, or
contacts, may be used. Additional design elements such as bifurcation or other
splitting, paddles or other designs may be used instead with an anchoring device
attached at the time of implant. The lead 352 is not shown as including a passageway
for a stvlet to use during introduction, however, a lumen for that purpose may be
provided if desired. In the illustrative example, the lead 352 has a body that contains
passageways having connectors therein for coupling the proximal contacts to the solid
surface clectrode 358, proximal electrode 356, and/or distal electrode 360.

The distal tip electrode 360 15 shown with a suture hole 362, The suture hole
362 may be coupled to a base portion 364, Other designs may be used. In some
cmbodiments, a sutare hole 362, or other fixation means, may not be required and/or
may not be provided.

As used herein, a solid surface electrode may have a generally, substantially,
or entirely solid outer surface. In some cases, the solid surface electrode may be a
solid unitary metallic structure. In other embodiments, the sohid surface electrode
may be a ngid polyvmer stracture with a metallic shell disposed over the polymeric
structure. It is contemplate that the metallic shell may be placed over the polymernc
structure in such a way to minimize gaps or openings in the conductive portion.

The shocking solid surface electrode 358 may have a generallv flattened cross-
sectional configuration, although this 18 not requived. For example, referning to Figure
3E which illustrates a perspective view of the tllustrative electrode 358, the sohid
surface clectrode 358 may have a cross-sectional shape that gencrally takes the form
of an oval. The cross-sectional shape may have two curved ends and two parallel
stdes connecting the curved ends. Other cross-sectional shapes may also be used,

including, but not limited to, rectangular, polygonal, circular, square, etc. The solid

11



WO 2017/192870 PCT/US2017/031092

whn

10

15

20

surface electrode 358 may have a length L that 1s generally larger than a width W,
The width W may be generally larger than a height H of the electrode 358. The
length L of the electrode 358 may be in the range of 50 to 110 millimeters (mm), 60
to 100 mm, 70 to 90 mm or about 80 mim. The width W of the electrode 358 may be
in the range of T to 40 mm, 5 to 35 mm, 10 to 30 mm, 15 to 25 mm, or about 20 mm.
The height H of the clectrode 358 may be in the range of 0.5 mm to 6 mum, 1 mm to 5
mm, 2 mm to 4 mam, or about 3 mm. The solid surface clectrode 358 mav have a
larger surface area and/or shadow than a typical shocking coil electrode. It is
contemplated that increasing the surface arca and/or shadow of the shocking electrode
358 may allow the defibrilation threshold to be lowered which may allow the
camster, such as canister 12, to have a smaller profile.

In some embodiments, the solid surface electrode 358 may be formed as a
subassembly and placed over the lead body 352, Alternatively, the solid surface
electrode 358 may be formed as a unitary structure with or otherwise formed over the
lead body 352. While not explicitly shown, the solid surface electrode 358 may
melude a lumen or passageway for receiving a stylet or other delivery aid.

A thin permeable membrane may be positioned over the cot 358 and/or other
portions of the lead and electrode assembly 350 to inhibit tissue ingrowth. Coatings,
such as, but not Iimited to expanded polytetrafluoroethylens (ePTFE)} may also be
apphied to the lead and electrode assembly 350, or portions thereof, to facilitate
extraction and/or to reduce tissue ingrowth. In some embodiments, one or more of the
electrodes 356, 358, 360 may be include a high capacitive coating such as, but not
himited to iridivm oxade (IrOx), titanium nitride (TiN), or other “fractal” coatings
which may be used, for example, to improve ¢lectrical performance. The lead and
clectrode assembly 350, or portions thereof, may include treatments in local areas to
increase attachment, such as, for example, along the length of the lead, near an
electrode, or at or near the distal tip, the inclusion of a roughened surface, a surface of
different polymer or other matenial, or a local a coating to encourage tissue growth
such as a steroid

Figures 4A and 4B show a top view of another tllustrative lead and electrode
assembly 400 for use with an implantable cardiac rhythm management system, such
as, but not limited to the 5-ICD System™ from Cameron Health, Inc., and Boston
Scientific Corporation described with respect to Figure 1. In some embodiments, the

iustrated assembly 400 may be configured to move between a collapsed or delivery
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configuration, shown in Figure 4A and an expanded or implanted configuration,
shown in Figure 4B. However, it is contemplated that the illustrative lead and
clectrode assemblv 400 of Figure 4A may be both the delivery configuration and the

mmplanted configuration. Similarly, the illustrative lead and electrode assembly 400

whn

of Figure 4B may be both the delivery configuration and the maplanted configuration.
While not explicitly shown, the icad 402 may include a proximal end with a
proximal pin which along with additional contacts serves in this exarmple as an
electrical contact, which may be separated by insulating material. The lead 402 may
be similar in form and function to the lead 302 described above. The proximal end

10 may further include seal plugs. A proximal plug sheath may be provided for a region
near the proximal end of the lead 402, The pin, contacts, insulating material, and seal
plogs may be configured for placement inside a bore on a header of an implantable
pulse generator. In some embodiments, the proximal end may have standard plug
designs (DF-1, DF-4, cic.) for use in other devices. The lecad 402 extends from thus

15 proximal configuration through an mtermediate region 404 to a distal end having a
proximal electrode 406, a coil electrode 408, and a distal tip clectrode 410, The
posttioning and/or spacing of the electrodes 406, 408, 410 may be adjusted and/or
recontigured to optimize sensing and/or therapy delivery. For example, both sensing
glectrodes 406, 410 may be placed proxamal to or distal to the coil electrode 408,

20 'This is just an example. It is contemplated that the clectrodes 406, 408, 410 may be
placed beneath the skin and over the ribcage of the patient. In other embodiments, the
electrodes 406, 408, 410 may be placed m a substernal location using an implant
procedure that may include a xiphoid or sub-xiphoid incision that allows for tunneling
along the back side of the sternum. The electrodes 406, 408, 410 may also be placed

25 elsewhere as desired including for example, for use with right sided, anterior-
posterior, or other implant positions.

Lead 402 1s shown for itlustrative purposes, however, other designs and
configurations inchuding fewer, more or different clectrodes 406, 408, 410, or
contacts, may be used. Additional design elements such as bifurcation or other

30 spliting, paddles or other designs may be used instead with an anchoring device

atiached at the time of implant. The lead 402 is not shown as mcluding a passageway

for a stylet to use during introduction, however, a lumen for that purpose may be

provided if desired. In the lustrative example, the lead 402 has a body that contains
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passageways having connectors therein for coupling the proximal contacts to the coil
408, proximal electrode 406, and/or distal electrode 410,

The distal tip electrode 410 1s shown with a suture hole 412, The suture hole
412 may be coupled to a base portion 414, (ther designs may be used. In some
embodiments, a suture hole 412, or other fixation means, may not be required and/or
may not be provided.

The coil clectrode 408 may be formed from two or more mdividual coil
clectrodes 416a, 416b. While the coil electrode 408 is tHustrated as including two coil
clectrodes 416a, 416b, the cotl electrode 408 may mchuding any number of individual
coil clectrodes desired, such as, but not limited fo, one, two, three, four, five, or more.
Further, in erther configuration, the coil electrodes 416a, 416b may be positioned
close to one ancther {¢.g. touching) or spaced a distance, as desired. The coil
glectrode 408 may be affixed to the lead body 402 at tts proximal end 422 and its
distal end 424, While not explicitly shown, in some embodiments, the lead body 402
may include a portion that extends between the proximal end 422 and the distal end
424 of the coil electrode 408, 1t is contemplated that the lead body 402 may include a
telescoping feature or nested tubular members that allows the proximal end 422
and/or distal end 424 of the coil electrode 408 1o be moved along a longitudmal axis
of the system 400, such as i the direction of arrows 418a, 418b, shown in Figure 4B.
In other embodiments, the lead body 402 may be disposed within one or both of the
cotl electrodes 416a, 416b. While not explicitly shown, the coil clectrode 408 may
meclude a lumen or passageway for receiving a stylet or other delivery aid.

Each of the coil electrodes 416a, 416b may be formed from a round or flat
{ribbon) wire, as desired. In some instances, adjacent windings of the coil electrodes
416a, 416b may be in contact with one another while in other instances adjacent
windings may be spread out or spaced a distance from one another, as destred. Itis
contemplated that the individual coil electrodes 416a, 416b may have the same or
stmilar stracture, or may be different, as desired. For example one coil clectrode 416a
may be more tightly wound than the other 416b. This is just an example.

A thin permeable membrane may be positioned over the coil 408 and/or other
portions of the lead and electrode assembly 400 to hibit tissue ingrowth. A single
permeable membrane may surround both coil electrodes 416a, 416b. Aliematively, or
additionally, separate membranes may surround each of the coil electrodes 416a, 416b

individually. Coatings, such as, but not linuted to expanded polyvtetrafluorocthylene
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{(cPTFE} may also be applied to the lead and electrode assembly 400, or portions
thereof, to facilitate extraction and/or to reduce tissue ingrowth. In some
cmbodiments, one or more of the clectrodes 406, 408, 410 mav be inchude a high

capacitive coating such as, but not limited to indium oxade (IrQx), titanium nitnide

whn

(TN}, or other “fractal” coatings which may be used, for example, to improve
clectrical performance. The lead and electrode assembly 400, or portions thereof,
may include treatments in local arcas to increase attachment, such as, for example,
along the length of the lead, near an electrode, or at or near the distal tip, the mchusion
of a roughened surface, a surface of different polymer or other material, oralocal a
10 coating to encourage tissue growth such as a steroid.

The coil electrodes 416a, 416b may be actuatable or expandable from a
delivery configuration having a first width 426, shown in Figure 4A, to an implanted
configuration having a sccond larger width 428, as shown in Figure 4B. While the
embaodinments shown in Figures 4A and 48 are described as movable between two

15 different configurations, it is contempliated the lead and electrode assembly 400 may
be fixed m cither arrangement. In other words, in some embodiments the electrodes
416a, 416b mav be movable relative to one another while in other embodiments, the
clectrodes 416a, 416b may be in a fixed arrangement relative to one another. Jtis
contemplated that the coil electrode 408, in either the delivery configuration or the

20 implanted configuration, may be simifar in size to the coil electrode 308 described
above. The coil electrode 408 may have a larger surface area and/or shadow than a
typical shockimg coil electrode. 1t is contemplated that increasing the surface area
and/or shadow may allow the defibrillation threshold to be lowered which may allow
the canister, such as canister 12, to have a smaller profile.

25 The lead and electrode assembly 400 may be actuated between the delivery
configuration and the implanted configuration using any number of deployment
mechanisms. fn one cxample, the distal electrode 410 may be secured to the tissue.
Once the distal end has been secured, the lead body 402 may be distally advanced 1o
apply a pushing foree o the proximal end 422 of the coil electrode 408. This may

30 cause the coil electrodes 416a, 416b 1o bias cutward, for example in directions 420a,

420b, shown in Figure 4B while alsc shortening i length, ag shown at arrows 418a,

418b. It is contemplated that the same result may be achieved by applying a

proximal, or pulling force to the distal end 424 of the coil. In yet another example,

the coil clecirodes 416a, 416b mav be formed in the expanded configuration
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tllustrated 10 Figureg 4B, The coil electrodes 416a, 416b may be compressed into a
lower profile delivery configuration through the application of a biasing force. For
example, when the coil electrodes 416a, 416b are disposed within a delivery tool, the

delivery tool may maintain the coil electrodes 416a, 416b 1n a reduced profile

whn

configuration.

Figure 4C shows a top view of another illustrative lead and electrode assembly

430 for use with an 1mplantable cardiac rhythm management system, such as, but not

himited to the S-ICD System™ from Cameron Health, Inc., and Boston Scientific

{Corporation described with respect to Figure 1. While not explicitly shown, the

10 illustrated assembly 430 may be configured to move between a collapsed or delivery
configuration and an expanded or implanted configuration such as that deseribed with
respect to Figures 4A and 4B. However, this 1s not required. It is contemplated that
the dlustrative lead and electrode assembly 430 of Figure 4C may be both the delivery
configuration and the tmplanted configuration.

15 While not explicitly shown, the lead 432 may mclude a proximal end with a
proximal pin which along with additional contacts serves in this example as an
clectrical contact, which may be separated by insulating matenial. The lead 432 may
be simular in form and function 1o the fead 302 described above. The proximal end
may further include seal plugs. A proxamal plug sheath may be provided for a region

20 near the proximal end of the lead 432, The pin, contacts, insulating material, and seal
plugs may be configured for placement inside a bore on a header of an implantable
pulse gencrator. In some embodiments, the proximal end may have standard plug

csigns (DF-1, DF-4, etc ) for use in other devices. The lead 432 extends from this
proximal configuration through an intermediate region 434 to a distal end having a

25 proximal electrode 436, a coil electrode 438, and a distal tip electrode 440, The
posttioning and/or spacing of the electrodes 436, 438, 440 may be adjusted and/or
reconfigured to optimize sensing and/or therapy delivery. For example, both sensing
electrodes 436, 440 may be placed proximal to or distal to the coil electrode 438, Itis
contemplated that the clectrodes 436, 433, 440 may be placed beneath the skin and

30 over the ribcage of the patient. In other embodiments, the electrodes 436, 438, 440

may be placed in a substernal location using an implant procedure that may include a

xiphoid or sub-xiphoid incision that allows for tunncling along the back side of the

sternum. The electrodes 436, 438, 440 may also be placed elsewhere as desired
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mehiding for example, for use with right sided, anterior-posterior, or other implant
positions.

Lead 432 15 shown for tlustrative purposes, however, other designs and
configurations inchuding fewer, more or different electrodes 436, 438, 440, or
contacts, may be used. Additional design elements such as bifurcation or other
splitting, paddles or other designs may be used mstead with an anchoring device
attached at the time of tmplant. The lead 432 is not shown as including a passageway
for a stylet to use during introdaction, however, a lumen for that purpose may be
provided if desired. In the illustrative example, the lead 432 has a body that contaims
passageways having connectors therein for coupling the proximal contacts to the coil
438, proxamal electrode 436, and/or distal electrode 440.

The distal tip electrode 440 1s shown with a suture hole 442. The sature hole
442 may be coupled to a base portion 444, Other designs may be used. In some
embaodiments, a suture hole 442, or other fixation means, may not be required and/or
may not be provided.

The coil electrode 438 may be formed from a plurality of mdividual coil
clectrodes 446. While the coil clectrode 438 1s tllustrated as including five coil
clectrodes 446, the coil electrode 438 may including any number of individual coil
electrodes desired, such as, but not limited to, one, two, three, four, five, or more.
Further, the coil electrodes 446 may be positioned close to one ancther {¢.g. touching}
or spaced a distance, as desired. In some cmbodiments, the coil electrodes 446 may
extend generally parallel to one another and to a longitudinal axis of the lead 432, 1t
18 contemplated that the coil electrode 438, may be similar in size to the coil electrode
308 described above. The coil electrode 438 may have a larger surface area and/or
shadow than a typical shocking coil ¢lectrode. It is contemplated that increasing the
surface arca and/or shadow may allow the defibrillation threshold to be lowered
which may allow the canister, such as canister 12, to have a smaller profile.

The cotl electrode 438 may be affixed to the lead body 432 at its proxamal end
448 and 1ts distal end 430, While not explicitly shown, in some embodiments, the
lead body 432 may inclade a portion that extends between the proximal end 448 and
the distal end 459 of the coil electrode 438, In other embodiments, the lead body 432
may he disposed within one or more of the coil ¢lectrodes 446. While not explicitly
shown, the coil electrode 438 may nclude a lumen or passageway for receiving a

stvlet or other delivery aid.
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Each of the coil electrodes 446 may be formed from a round or flat (ribbon)
wire, as desired. In some instances, adjacent windings of the coil electrodes 446 may
be n contact with one another while in other instances adjacent windings may be

spread out or spaced a distance from one another, as desired. It is contemplated that

whn

the mdividual coil electrodes 446 may have the same or similar structure, or may be
different, as desired. For example one coil electrode may be more tightly wound than
another. This is just an cxaraple.
A thin permeable membrane may be positioned over the coil 438 and/or other
portions of the lead and electrode assembly 430 to inhibit tigsue ingrowth. In some
10 cmbodiments, a singlc permeable membrane may surround the plurality of coil
clectrodes 446. Alternatively, or additionally, separate membranes may surround
gach of the coil electrodes 446 individually. Coatings, such as, but not hinted to
expanded polytetrafluoroethylene {ePTFE} may also be applied to the lead and
electrode assembly 430, or portions thercof, to facilitate extraction and/or to reduce
15 ussue ingrowth. In some embodiments, one or more of the electrodes 436, 438, 440
may be include a high capacitive coating such as, but not himited to indivm oxide
{(IrOx), titantum nitride (TIN), or other “fractal” coatings which may be used, for
example, to improve electrical performance. The lead and electrode assembly 430, or
portions thereof, may include treatments in local areas to increase attachment, such as,
20 for example, along the length of the lead, near an electrode, or at or near the distal tip,
the inclusion of a roughened surface, a surface of differcut polymer or other matenial,
or a local a coating to encourage fissue growth such as a steroid.
Figure 4D shows a top view of ancther illustrative lead and electrode assembly
460 for use with an unplantable cardiac thythm management system, such as, but not
25 limited to the S-ICD System™ from Cameron Health, Inc., and Boston Scientific
Corporation described with respect to Figure 1. While not explicitly shown, the
iustrated assembly 460 may be configured to move between a collapsed or delivery
configuration and an expanded or unplanted configuration such as that described with
respect to Figures 4A and 4B, However, this 18 not required. It is contemplated that
30 the lustrative lead and electrode assembly 460 of Figure 41 may be both the delivery
configuration and the implanted configuration.
While not explicitly shown, the lead 462 mav melude a proximal end with a
proximal pin which along with additional contacts serves in this example as an

electrical contact, which may be separated by insulating maternial. The lead 462 may
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be similar in form and function to the lead 302 described above. The proximal end
may further include seal plugs. A proximal plug sheath may be provided for a region
near the proximal end of the lead 462, The pin, contacts, msulating material, and seal

plugs may be configured for placement inside a bore on a header of an implantable

whn

pulse generator. In some embodiments, the proximal end mav have standard plug
designs (BF-1, BF-4, etc.) for use in other devices. The lecad 462 extends from this
proximal configuration through an mtermediate region 464 to a distal end having a
proximal electrode 466, a coil electrode 468, and a distal tip electrode 470, The
positicning and/or spacing of the electrodes 466, 468, 470 may be adjusted and/or
10 reconfigured to optimize sensing and/or therapy delivery. For example, both sensing
electrodes 466, 470 may be placed proximal to or distal to the coil electrode 468, Ttis
contemplated that the electrodes 466, 468, 470 may be placed beneath the skin and
over the nbeage of the patient. In other embodiments, the electrodes 466, 468, 470
may be placed i a substernal focation using an uplant procedure that may include a
15 aphoid or sub-xiphoid incision that allows for tunneling along the back side of the
sternum. The electrodes 466, 468, 470 may also be placed elsewhere as desired
nchuding for example, for use with right sided, anterior-posterior, or other imoplant
positions.
Lead 462 1s shown for illustrative parposes, however, other designs and
20 configurations mchuding fower, more or different electrodes 466, 468, 470, or
contacts, may be used. Additional design clements such as bifurcation or other
splitting, paddles or other designs may be used mstead with an anchoning device
attached at the time of implant. The lead 462 is not shown as mchuding a passageway
for a stylet to use durning introduction, however, a lumen for that purpose may be
25 provided if desired. In the llustrative example, the lead 462 has a body that contains
passageways having connectors therein for coupling the proximal contacts to the coil
468, proximal electrode 466, and/or distal electrode 470,
The distal tip electrode 470 15 shown with a suture hole 472. The suture hole
472 may be coupled o a base porfion 474, Other designs may be used. In some
30 embodiments, a suture hole 472, or other fixation means, may not be required and/or
may not be provided.
The coil electrode 468 may be formed from a plurality of individual coil
glectrodes 476, While the coil electrode 468 15 illustrated as mchuding five cotl

clectrodes 476, the coil clectrode 468 mav including any number of individual coil
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electrodes desired, such as, but not mited to, one, two, three, four, five, or more.
Further, the coil electrodes 476 may be positioned close o one another {e.g. touching)
or spaced a distance, as destred. In some embodiments, some or all of the coil

clectrodes 476 may have a generally curved configuration such that the coil electrode

whn

468 1s generally oval in its overall shape. This is not required. The coil electrode 4638
may take any shape desired. It is contemplated that the codl electrode 468, may be
similar in size to the coil elecirode 308 described above. The coil electrode 468 may
have a larger surface area and/or shadow than a typical shocking coil electrods. It is
contemplated that increasing the surface arca and/or shadow may allow the
10 defibrillation threshold to be lowered which may allow the canister, such as canister
12, to have a smaller profile.
The coil electrode 468 may be affixed to the lead body 462 at its proximal end
478 and 1ts distal end 480, While not exphlicitly shown, in some embodiments, the
lead body 462 may include a portion that extends between the proximal end 478 and
15 the distal end 480 of the coil electrode 468. In other embodiments, the lead body 462
may be disposed within one or more of the coil electrodes 476. While not explicitly
shown, the coil electrode 468 may nclude a lumen or passagoway for receiving a
stvlet or other delivery aid.

Each ofthe coil electrodes 476 may be formed from a round or flat (ribbon)

20 wire, as desired. In some instances, adjacent windings of the coil ¢lectrodes 476 may
be in contact with one another while in other instances adjacent windings may be
spread out or spaced a distance from one another, as desired. |t 1s contemplated that
the mdividual coil electrodes 476 may have the same or similar structure, or mayv be
different, as desired. For example one coil electrode may be maore tightly wound than

25 another. This is just an exampie.

A thin permeable membrane may be posttioned over the coil 468 and/or other
portions of the lead and electrode assembly 460 to inhibit tissue ingrowth. In some
embaodinments, a single permeable membrane may swrround the plurality of cot
electrodes 476. Alternatively, or additionally, separate membranes may surround

30 each of the col electrodes 476 individually, Coatings, such as, but not Himited to
expanded polytetrafluoroethylene (ePTFE) may also be applied to the lead and
clectrode assemblv 460, or portions thereof, to facilitate extraction and/or to reduce

tissue ingrowth. In some embodiments, one or more of the electrodes 466, 468, 470

may be include a high capacitive coating such as, but not imited to inidivm oxide
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{IrOx), titanium nitride (TiN), or other “fractal” coatings which may be used, for
example, to improve electrical performance. The lead and electrode assembly 460, or
portions thereof, may mclude treatments in local arcas to increase attachment, such as,

for example, along the length of the lead, near an electrode, or at or near the distal tip,
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the inclusion of a roughened surface, a surface of different polyvmer or other maternial,
or a local a coating to encourage tissue growth such as a steroid.
Figure 5A shows a top view of another illustrative lead and electrode assembly
500 for use with an implantable cardiac rhythm management system, such as, but not
limited to the S-ICD Systemy™ from Cameron Health, Inc |, and Boston Scientific
10 Corporation described with respect to Figure 1. While not explicitly shown, the
lustrated assembly 500 may be configured to move between a delivery configuration
and an implanted configuration. For example, the llustrated assembly 500 may be
delivered in a generally incar configuration and placed into the oscillating
configuration shown in Figure 5A afier deplovment. This may allow a smaller
15 delivery tool to be used for msertion of the lead assembly 300, However, this 1s not
required. It 1s contemplated that the iHustrative lead and electrode assembly 500 may
be delivered in the oscillating or curved contiguration.
While not explicitly shown, the lead 502 may mclade a proximal end with a
proximal pin which along with additional contacts serves in this example as an
20 glectrical contact, which may be separated by insulating material, The lead 502 may
be simtlar in form and function 1o the lead 302 described above. The proxumal end
may further include seal plugs. A proxamal plug sheath may be provided for a region
near the proximal end of the lead 502, The pin, contacts, msulating material, and seal
plugs may be configured for placement inside a bore on a header of an implantable
25 pulse generator. In some embodiments, the proximal end may have standard plug
designs (DF-1, DF-4, ¢tc.) for use in other devices. The lead 502 extends from this
proximal configuration through an mtermediate region 504 to a distal end having a
proximal electrode 506, a cotl electrode 508, and a distal tip clectrode 510. The
posttioning and/or spacing of the electrodes 506, 508, 510 may be adjusted and/or
30 reconfigured to optimize sensing and/or therapy delivery. For example, both sensing
electrodes 506, 5310 may be placed proximal or distal to the coil electrode 508, This is
just an example. It is conternplated that the electrodes 506, 508, 310 may be placed
beneath the skin and over the ribcage of the patient. In other embodiments, the

glectrodes 506, 508, 510 may be placed in a substemal location using an implant
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procedure that may include a xiphoid or sub-xiphoid incision that allows for tunneling
along the back side of the sternum. The electrodes 506, 308, 510 may also be placed
clsewhere as desired mchuding for example, for use with right sided. anterior-

posterior, or other implant positions.
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Lead 502 1s shown for illustrative parposes, however, other designs and
configurations mcluding fower, more or different electrodes 506, 508, 510, or
contacts, may be used. Additional design clements such as bifurcation or other
spliting, paddles or other designs may be used instead with an anchoring device
atiached at the time of implant. The lead 502 is not shown as including a passageway
10 for a stylet to use dunng introduction, however, a lumen for that purpose may be

provided if desired. In the illustrative example, the lead 502 has a body that contams
passageways having conngctors thergin for coupling the proxamal contacts to the coil
508, proxamal electrode 506, and/or distal electrode 510,
The distal tip electrode 510 15 shown with a suture hole 512. The suture hole
15 312 may be coupled to a base portion 314, Other designs may be used. In some
embodiments, a suture hole 5312, or other fixation means, may not be reqaired and/or
may not be provided.
The coil electrode 508 have a generally oscillating shape. For example, the
coil electrode 508 may include one or more oscillations 315 cach having a peak 516
20 and a valley 518, The oscillations 515 may be uniformly positioned along the
ongitudinal axis 520 of the assembly 300 along a least a portion of the length of the
cotl electrode 508, In such an instance, the peak 516 and valley 518 may have the
same “height” or peak amplitude {as measured from the longitudinal axis 520).
Alternativelv, or additionally, the oscillations mav be shifted from the longitudinal
25 axis 320 such that either the peak 5316 or the valley 518 has a greater peak amplitude
than the other along a least a portion of the length of the coil electrode 308, The
frequency of the oscillations 515 may alsc be varied. For example, the freguency of
the oscillations 513 may be mcereased such that there are more oscillations overa
stmilar length. It 1s contemplated that the coil electrode 508 may include less than
30 one, one, two, three, four, five, or more oscillations, as desired. It 1s further
contemplated that the frequency of the oscillations 515 may be varied along the length
of a coil clectrode 508, Any combination of frequency, peak amplitude, and/or offsets

from the longitudinal axis 520 may be used to amve at the desired shape.
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It 1s contemplated that the coil electrode 508, or the shadow of the coil
electrode 508, may be similar in size to the coil electrode 308 described above. The
coil clectrode 508 may have a larger surface arca and/or shadow than a tvpical
shocking coil electrode. It 1s contemplated that increasing the surface arca and/or
shadow may allow the defibrillation threshold to be lowered which may allow the
canister, such as canister 12, to have a smaller profile.

A thin permeable membrane may be positioned over the coil 508 and/or other
portions of the lead and electrode assembly 500 to inhibit tissue ingrowth. Coatings,
such as, but not limited to expanded polyietrafluoroethylene (ePTFE} may also be
applied to the lead and clectrode assembly 500, or portions thercof, to facilitate
extraction and/or to reduce tissue ingrowth. In some embodiments, one or more of the
electrodes 506, 508, 510 may be include a high capacitive coating such as, but not
himated to indinim oxade (IrOx), titanium nitride (TiN}, or other “fractal” coatings
which may be used, for example, to toprove clectrical performance. The lead and
electrode assembly 500, or portions thereot, may include treatments in local areas to
increase attachment, such as, for example, along the length of the Iead, near an
clectrode, or at or near the distal tip, the inclusion of a roughened surface, a surface of
different polymer or other material, or a local a coating to encourage tissue growth
such as a steroid.

In some embodiments, the cotl electrode 508 may be delivered in a
straightened, or gencrally linear, configuration. This may allow the assembly 500 to
be mmplanted using a smaller profile delivery device. In one example, the distal
electrode 510 may be sccured to the tissue and subsequently the lead body 502 may
be distally advanced to apply a pushing force to the proximal end region of the coil
clectrode 508. This may cause the coil electrode 308 to wind back and forth, as
shown m Figure 5A, while also shortening in length. I 15 contemplated that the same
result may be achieved by fixing the proximal end and applyving a proximal, or pulling
foree to the distal end of the coil electrode 508, In vet another example, the cod
clectrode 508 may be formed n the oscillating configuration illustrated in Figure SA.
The coil electrode 308 may be compressed into a lower profile delivery configuration
through the application of a biasing force. For example, when the coil electrode 508
arc disposed within a deliverv tool, the delivery tool may maintain the coil electrode
508 in a reduced profile configuration {¢.g. elongated or compressed}. In yet another

cmbodiment, the coil electrode 508 may be mmplanted in its oscillating configuration
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using a delivery tool wide enough 1o house the coil electrode 308 in s oscillating
configuration.

Figure 5B shows a top view of another illustrative lead and electrode assembly
530 for use with an implantable cardiac rhythm management system, such as, bui not
limited to the S-ICD System™ from Cameron Health, Ine., and Boston Scientific
Corporation described with respect to Figure 1. While not explicitly shown, the
dlustrated assembly 530 may be configured to move between a delivery configuration
and an implanted configuration. For example, the illustrated assembly 530 may be
delivered in a generally linear configuration and placed into the helical configuration
shown 1 Figure 5B after deplovment. This may allow a smaller delivery tool 1o be
used for msertion of the lead assembly 530. However, this is not required. Itis
contemplated that the illastrative lead and clectrode assembly 530 may be delivered in
the helical configuration.

While not explicitly shown, the lead 532 may include a proximal end with a
proximal pin which along with additional contacts serves in thus example as an
electrical contact, which may be separated by insulating material. The lead 532 may

¢ sipuilar in form and function to the lead 302 described above. The proximal end
may further include seal plugs. A proximal plug sheath may be provided for a region
near the proximal end of the lead 532, The pin, contacts, insulating material, and seal
plugs may be configured for placement inside a bore on a header of an implantable
pulsc generator. In some embodiments, the proximal end may have standard plug
designs (DF-1, DF-4, etc.) for use in other devices. The lead 532 extends from this
proximal configuration through an intermediate region 534 to a distal end having a
proximal electrode 536, a coil electrode 538, and a distal tip electrode 540. The
posttioning and/or spacing of the electrodes 536, 338, 540 may be adjusted and/or
recontigured to optimize sensing and/or therapy delivery. For example, both sensing
clectrodes 336, 540 may be placed proximal or distal o the coil electrode 338, Thisig
just an example. It is contemplated that the clectrodes 536, 538, 540 may be placed
beneath the skin and over the ribcage of the patient. In other embodiments, the
electrodes 536, 538, 540 may be placed in a substernal location using an implant
procedure that may include a xiphoid or sub-xiphoid incision that allows for tunneling
along the back side of the sternum. The clectrodes 536, 538, 340 may also be placed
elsewhere as desired mehuding for example, for use with right sided, anterior-

posterior, or other implant positions.



WO 2017/192870 PCT/US2017/031092

whn

10

15

20

Lead 532 15 shown for dlustrative purposes, however, other designs and
configurations including fower, more or different electrodes 536, 538, 540, or
contacts, may be used. Additional design elements such as bifurcation or other
splitting, paddies or other designs may be used mstead with an anchoring device
attached at the time of implant. The lead 532 s not shown as including a passageway
for a stylet to use during introduction, however, a lumen for that purpose may be
provided if desired. o the dlustrative example, the lead 532 has a body that contatns
passageways having connectors therein for coupling the proximal contacts to the coil
538, proximal electrode 536, and/or distal electrode 540,

While not explicitly shown, the distal tip electrode 540 may include a suture
hole similar to those described above. Other designs may be used. In some
embodiments, a sutare hole, or other fixation means, may not be required and/or may
not be provided.

The coil clectrode 53% have a generally helical shape.  For example, the coil
electrode 538 may be wound mito a helix 542, The helix 524 may have a three
dimensional shape which may facilitate better contact with the facial plane. The coil
clectrode 538 forming the helix 542 may have a generally round or a gencrally flat
{c.g. rectangular} cross-sectional shape, as desired. However, other cross-sectional
shapes may be used. The hebix 542 may have a closed pitch, or m other words,
adjacent windings may contact one ancther. Altemnatively, the helix 542 may have an
open pitch such that adjacent windings are spaced a distance from one another. The
pitch may be uniform or vaned along a length of the coil electrode. A varied pitch
may be gradual tapered changes i pitch or abrupt or step-wise changes m pitch. The
helix 542 may include any number of windings desired, such as, but not limited to
fess than one, one, two, three, four, or more,

The windings of the helix 542 may be uniformly positioned (¢.g. centered)
along the longiudimal axis 544 of the assembly 530 along a least a portion of the
length of the coil clectrode 538, Alternatively, or additionally, the helix 542 may be
shifted from the longitudinal axis 544 such the center of the helix 542 15 offset from
the longitudinal axis 544 along a least a portion of the length of the coil electrode 538.
Any combination of piich, winding diameter, and/or offsets from the longitudinal axis
344 may be used to arrive at the desired shape.

It 1s contemplated that the coil electrode 538, or the shadow of the coil

clectrode 538, may be similar in size to the coil electrode 308 described above. The
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coil electrode 538 may have a larger surface area and/or shadow than a typical
shocking coil electrode. It 1s contemplated that increasing the surface arga and/or
shadow may allow the defibrillation threshold to be lowered which may aliow the
camster, such as canister 12, to have a smaller profile.

A thin permeable membrane may be positioned over the coil 538 and/or other
portions of the lead and electrode assembly 330 to mhibif tissue ingrowth. Coatings,
such as, but not himited to expanded polytetratiuorocthylene (¢PTFE} may also be
apphied to the lead and electrode assembly 530, or portions thereof, to facilitate
extraction and/or to reduce tissue ingrowth. In some embodiments, one or more of the
clectrodes 336, 538, 540 may be include a bigh capacitive coating such as, but not
fimited to indium oxide (IrOx), titanium nitride (TiN}, or other “fractal” coatings
which may be used, for example, to improve electrical performance. The lead and
clectrode assembly 530, or portions thereof, may include treatments in local areas to
mncrease attachment, such as, for example, along the length of the lead, near an
electrode, or at or near the distal tip, the inclusion of a roughened surface, a surface of
different polymer or other material, or a local a coating to encourage tissue growth
such as a steroid.

In some embodiments, the coil electrode 538 may be delivered in a
straightened, or generally linear, configuration. This may allow the assembly 530 to
be implanted using a smaller profile delivery device. In one example, the distal
electrode 340 may be secured to the tissuc and subsequently the lead body 532 may

e distally advanced to apply a pushing force to the proximal end region of the coil
electrode 538, This may cause the coil electrode 338 to coil, as shown in Figure 3B
while also shortening in length. as shown at arrows 418a, 418b. | is contemplaied
that the same result may be achieved by fixing the proxamal end and applyving a
proximal, or pulling force to the distal end of the coil electrode 538, In vet ancther
example, the coil electrode 538 may be formed in the helical configuration illustrated
m Figure 5B. The coil clectrode 538 may be compressed {¢.g. elongated or stretched)
mto a lower profile deliverv configuration through the application of a biasing force.
For example, when the coil electrode 538 are disposed within a delivery tool, the
delivery tool may maintain the coil electrode 338 in a reduced profile configuration
{c.g. clongated, compressed, stretched, ctc.). In vet another embodiment, the coil
glectrode 538 may be implanted in its helical configuration using a delivery tool wide

cnough to house the coil electrode 538 1n its helical configuration.
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Figures 6A and 6B show a top view of another tllustrative lead and electrode
assembly 600 for use with an implantable cardiac rhythm management system, such
as, but not limited to the 5-ICD System™ from Cameron Health, Inc., and Boston
Scientific Corporation described with respect to Figure 1. In some embodiments, the
lustrated assembly 600 may be configured to move between a collapsed or delivery
configuration, shown in Figure 6A and an expanded or implanted configuration,
shown m Figure 68. However, it 1s conteraplated that the illustrative lead and
electrode assembly 600 of Figure 6A may be both the delivery configaration and the
implanted configuration. Similarly, the tHustrative lead and electrode assembly 600
of Figure 6B may be both the delivery configuration and the implanted configuration.

While not explicitly shown, the lead 602 may mclade a proximal end with a
proximal pin which along with additional contacts serves in this example as an
electrical contact, which may be separated by insulating maternial. The lead 602 may
be simtlar in form and function 1o the lead 302 described above. The proxumal end
may further include seal plugs. A proxamal plug sheath may be provided for a region
near the proximal end of the lead 602. The pin, contacts, msulating material, and seal
plugs may be configured for placement inside a bore on a header of an implantable
pulse generator. In some embodiments, the proximal end may have standard plug
designs (DF-1, DF-4, ¢tc.) for use in other devices. The lead 602 extends from this
proximal configuration through an mtermediate region 604 to a distal end having a
proximal electrode 606, a cotl electrode 608, and a distal tip clectrode 610. The
posttioning and/or spacing of the electrodes 606, 603, 610 may be adjusted and/or
reconfigured to optimize sensing and/or therapy delivery. For example, both sensing
electrodes 606, 610 may be placed proximal to or distal to the coil electrode 608,
This 1s just an example. It is contemplated that the electrodes 606, 608, 610 may be
placed beneath the skin and over the ribcage of the patient. In other embodiments, the
clectrodes 606, 608, 610 may be placed in a substernal location using an implant
procedure that may include a xiphoid or sub-xiphoid incision that allows for tunneling
along the back side of the sternum. The electrodes 606, 608, 610 may also be placed
elsewhere as desired mcloding for example, for use with night sided, anterior-
posterior, or other implant positions.

Lead 602 1s shown for ilustrative purposes, however, other designs and
configurations including foewer, more or different electrodes 606, 608, 610, or

contacts, may be used. Additional design elements such as bifirrcation or other
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spliting, paddles or other designs may be used instead with an anchoring device
attached at the time of implant. The lead 602 is not shown as mchiding a passageway
for a stylet to use during introduction, however, a lumen for that purpose may be
provided if desired. In the illustrative example, the lead 602 has a body that contains
passageways having conngctors thergin for coupling the proxamal contacts to the coil
608, proximal electrode 606, and/or distal electrode 610,

The distal tip electrode 610 15 shown with a suture hole 612. The suture hole
612 may be coupled o a base portion 614. Other designs may be used. In some
embodiments, a suture hole 612, or other fixation means, may not be required and/or
may not be provided.

The coil electrode 608 may be formed from two or more ndividual coil
glectrodes 616a, 616b. While the coil electrode 608 1s illustrated as meluding two coil
clectrodes 616a, 616b, the coil clectrode 608 may including any nember of individual
coil electrodes desired, such as, but not linuted to, one, two, three, four, five, or more.
The coil electrodes 616a, 616b may have a generally two dimensional oscillatory
configuration, similar in form and function to the oscillatory configuration described
with respect to Figure 5A. Aliernatively, the coil clectrodes 616a, 616b may have a
generally three dimensional helical configuration, similar in form and function to the
helical configuration described with respect to Figure 3B. The coil electrodes 616a,
616b may be wound or cotled in opposiie directions such that the cotl electrodes 616a,
616b cross at cross points 622. In some embodiments, the coil clectrodes 616a, 616b
may be secured to one another at the cross points 622, although this 1s not reguired. It
is contemplated that the col electrode 608 may include any mumber of cross points
622 desired. such as, but not linited to one, two, three, four, or more.

The coil electrode 608 may be affixed to the lead body 602 at its proximal end
618 and its distal end 620. While not explicitly shown, in some embodiments, the
lead body 602 may include a portion that extends between the proximal end 618 and
the distal end 620 of the coil clectrode 608, It is contemplated that the lead body 602
may include a telescoping feature or nested tubular members that allows the proximal
end 618 and/or distal end 620 of the coil electrode 608 to be moved along a
longitudinal axis of the system 600, such as in the direction of arrows 626a, 626b,
shown in Figure 6B. In other embodiments, the lead body 602 may be disposed

within one or both of the coil electrodes 616a, 616b. While not explicitly shown, the
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cotl electrode 608 mav melude a humen or passageway for receiving a stylet or other
chivery aid.

Each of the coil electrodes 616a, 616b may be formed from a round or tlat
{ribbon) wire, as desired. In some instances, adjacent windings of the coil electrodes
616a, 616b may be in contact with one another while in other instances adjacent
windings may be spread out or spaced a distance from one another, as desired. Itis
contemplated that the individual coil electrodes 616a, 616b may have the same or
similar structure, or may be different, as desired. For example one cotl electrode 616a
may be more tightly wound than the other 616b. This is just an example.

A thin permeable membrane may be positioned over the cotl 608 and/or other
portions of the lead and electrode assembly 600 to inhibit tissue ingrowth. A single
permeable membrane may surround both coil electrodes 616a, 616b. Alternatively, or
additionally, scparate membranes may surround each of the coil electrodes 616a, 616b
mdividually. Coatings, such as, but not linuted 1o expanded polvtetrafluorocthvlene
{cPTFE) may also be applied to the lead and electrode assembly 600, or portions
thereof, to factlitate extraction and/or to reduce tissae mngrowth. In some
cembodiments, one or more of the clectrodes 606, 608, 610 mav be inchude a high
capacitive coating such as, but not limited to indium oxade (IrQx), titanium nitnide
(TN}, or other “fractal” coatings which may be used, for example, to improve
clectrical performance. The lead and electrode assembly 600, or portions thereof,
may include treatments in local arcas to increase attachment, such as, for example,
along the length ot the lead, near an electrode, or at or near the distal tip, the inclusion
of a roughened surface, a surface of different polymer or other material, or alocal a
coating to encourage tissue growth such as a steroid.

The coil electrodes 616a, 616b may be actuatable or expandable from a
delivery configuration having a first width, shown in Figure 6A, to an implanted
configuration having a sccond larger width 624, as shown in Figare 6B. For example,
the second width 624 may be 2-8 times larger across than the width of the shaft 604
and/or the non-expanded configuration of the coils shown by Figure 6A.

While the embodiments shown in Figures 6A and 6B are deseribed as movable
between two different configurations, i is contemplated the kead and electrode
assembly 600 may be fixed m cither arrangement. In other words, in some
embodiments the electrodes 616a, 616b may be movable relative to one another while

in other embodiments, the electrodes 616a, 616b may be in a fixed arrangement
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relative to one another. It is contemplated that the coil electrode 608, 1n either the
delivery configuration or the implanted configuration, may be sinilar in size to the
coil clectrode 308 described above. The coil clectrode 608 may have a larger surface

arca and/or shadow than a tvpical shocking coil electrode. 1t is contemplated that

whn

mereasing the surface area and/or shadow may allow the defibnillation threshold to be
lowered which may allow the canister, such as camister 12, to have a smaller profile.
The lead and electrode assembly 600 may be actuated between the delivery
configuration and the implanted configuration using any number of deployment
mechanisms. In one example, the distal elecirode 610 may be secured to the tissue.
10 Once the distal end has been secured, the lead body 602 may be distally advanced to
apply a pushing force to the proximal end 618 of the coil electrode 608, This may
cause the coil electrodes 616a, 616b to bias outward, as shown at arrow 624 in Figure
6B while also shortening n length, as shown at arrows 626a, 626b. It is contemplated
that the same result may be achieved by applying a proximal, or pulling force to the
15 distal end 620 of the coil. In vet another example, the coil electrodes 616a, 616b may
be formed m the expanded configuration lhustrated in Figure 6B. The coil electrodes
516a, 616b may be compressed mto a lower profile delivery configuration through the
application of a biasing force. For example, when the coil electrodes 616a, 616b are
disposed within a delivery tool, the delivery tool may maintain the cotl electrodes
20 616a, 616b in a reduced profile configuration.
Figure 7 shows a top view of another illustrative lead and electrode assembly
700 for use with an implantable cardiac rhythm management system, such as, bui not
himited to the S-ICD System™ from Cameron Health, Inc., and Boston Scientific
{Corporation described with respect to Figure 1. While not explicitly shown, the
25 illustrated assembly 700 may be configured to move between a delivery configuration
and an implanted configuration. For example, the llustrated assembly 700 may be
delivered 1 a generally collapsed configuration {e.g. rolled) and placed into the
configuration shown in Figure 7 after deplovment. This may allow a smaller delivery
tool to be used for insertion of the lead assembly 700, However, this is not required.
30 Mtis contemplated that the dlustrative lead and electrode assembly 700 may be
delivered through a wide tunnel delivery tool with the shocking electrode 708 ina
CATTICT.
While not explicitly shown, the lead 702 may include a proximal end with a

proximal pin which along with additional contacts serves in this exampie as an

30
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electrical contact, which may be separated by insulating material. The lead 702 may
be similar in form and function to the lead 302 described above. The proximal end
may further include seal plugs. A proximal plug sheath may be provided for a region

near the proximal end of the lead 702, The pin, contacts, insulating material, and seal

whn

plogs may be configured for placement inside a bore on a header of an implantable

pulse generator. In some embodiments, the proximal end may have standard plug

designs (DF-1, DF-4, cic.) for use in other devices. The lead 702 extends from thus

proximal configuration through an intermediate region 704 to a distal end having a

proximal electrode 706, a shocking elecirode 708, and a distal tip clectrode 710. The

10 positioning and/or spacing of the electrodes 706, 708, 710 may be adjusted and/or
recontigured to optimize sensing and/or therapy delivery. For example, both sensing
electrodes 706, 710 may be placed proximal or distal to the shocking electrode 708.
This is just an example. It is contemplaied that the clectrodes 706, 708, 710 may be
placed beneath the skin and over the ribcage of the patient. In other embodiments, the

15 electrodes 706, 708, 710 may be placed in a substemal location usmg an implant
procedure that may include a xiphoid or sub-xiphoid incision that allows for tunneling
along the back side of the sternum. The ¢lectrodes 706, 708, 710 may also be placed
eisswhere as desired meluding for example, for use with right sided, anterior-
posterior, or other implant positions.

20 Lead 702 is shown for ilustrative purposes, however, other designs and
configurations mcluding foewer, more or different electrodes 706, 708, 710, or
contacts, may be used. Additional design elements such as bifurcation or other
spliting, paddles or other designs may be used instead with an anchoring device
atiached at the time of implant. The lead 702 is not shown as mcluding a passageway

25 for a stylet to use during introduction, however, a lumen for that purpose may be
provided if desired. In the llustrative example, the lead 702 has a body that contatns
passageways having connectors therein for coupling the proximal contacts to the
shocking electrode 708, proximal electrode 706, and/or distal electrode 710.

The distal tip electrode 710 is shown with a sutare hole 712, The suture hole

30 712 may be coupled to a base portion 714, (Other designs may be used. In some

embodiments, a suture hole 712, or other fixation means, may not be required and/or

may not be provided.
The shocking electrode 708 have a generally woven structure. For example,

the shocking clectrode 708 mav have a woven structure, fabricated from one or more
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filaments 716. The filaments 716 may be embedded in, or partially embedded in a
siticone carrier 718, although this is not required. In some embodiments, the shocking
clectrode 708 may be braided with one filament 716, In other embodiments, the

shocking electrode 708 may be brarded with several filaments 716, In another
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embodiment, the shocking electrode 708 may be knitted or of a knotted type. The
flaments 716 may be have a geoerally rovnd or a generally flat {¢.g. rectangular)
cross-sectional shape, as desired. However, other cross-sectional shapes may be used.
In some embodiments, each filament 716 may mclhude a plurality of filaments wouand
or woven together. In still ancther embodiment, the shocking electrode 708 may be
10 laser cut. It is contemplated that a custom laser cut plate may be used to achieve
desired mechanical properties as well as to arrive at shape which reduces the
defibrillation threshold. While the shocking electrode 708 1s tlustrated as having a
substantiaily rectangular peripheral shape, the shocking elecirode 708 may take any
shape desired such as, but not limited to ovular, circular, square, polygonal, etc. The
15 shocking electrode 708 may have a larger surface area and/or shadow than a typical
shocking coil electrode. 1t 1s contemplated that increasing the surface area and/or
shadow may allow the defibrillation threshold to be lowered which may aliow the
camster, such as canisier 12, 1o have a smaller profile.
A thin permeable membrane may be posttioned over the electrode 708 and/or
20 other portions of the lead and electrode assembly 700 to inhibit tissue mgrowth.
Coatings, such as, but not limited to expanded polvtetrafluorocthvlene (ePTFE) may
also be applied to the lead and electrode assembly 700, or portions thereof, to
facilitate extraction and/or to reduce tissue ingrowth. In some embodiments, one or
more of the electrodes 706, 708, 710 may be include a high capacitive coating such
25 as, but not limited to indium oxade (Ir(0x), titanwm mitnde (TiN), or other “fractal”
coatings which may be used, for example, to improve electrical performance. The
lead and electrode assembly 700, or portions thereof, may include treatments in local
arcas to increase attachment, such as, for example, along the length of the lead, near
an clecirode, or at or near the distal tip, the mclusion of a roughened surface, a surface
30 of different polymer or other material, or a local a coating to encourage tissue growth
such as a steroid.
Figure 8A shows a top view of another dlustrative lead and clectrode assembly
800 for use with an implantable cardiac rhythm management system, such as, but not

fimated to the S5-1CD System™ from Cameron Health, Inc. and Boston Scientific
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Corporation described with respect to Figure 1. While not explicitly shown, the
ilfustrated assembly 800 may be configured to move between a delivery configuration
and an woplanted configuration. For example, the illustrated assembly 800 may be

delivered in a generally collapsed contiguration (¢.g. rolied) and placed into the
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configuration shown in Figure 8 after deployvment. This may allow a smaller delivery

tool to be used for insertion of the lead assembly 800, However, this is not required.

It is contemplated that the dlustrative lead and clectrode assembly 800 may be

delivered through a wide tunnel delivery tool with the shocking electrode 808 ina

carrier.

10 While not explicitly shown, the lead 802 mav melude a proximal end with a
proximal pin which along with additional contacts serves in this example as an
glectrical contact, which may be separated by insulating material. The lead 802 may
be similar in form and function io the lead 302 described above. The proximal end
may further include seal plugs. A proximal plug sheath may be provided for a region

15 near the proxamal end of the lead 802, The pin, contacts, insulating material, and seal
phugs may be configured for placement inside a bore on a header of an implantable
pulse gencrator. In some embodiments, the proximal end may have standard plug
designs (DF-1, DF-4, etc.) for use n other devices. The lead 802 extends trom this
proximal configuration through an mtermediate region 804 to a distal end having a

20 proximal electrode 806, a shocking electrode 808, and a distal tip electrode 810, The
posttioning and/or spacing of the electrodes 806, 808, 810 may be adjusted and/or
reconfigured to optimize sensing and/or therapy delivery. For example, both sensing
electrodes 806, 810 may be placed proximal to or distal to the shocking electrode 808,
This is just an example. I is contemplated that the clectrodes 806, 808, 810 may be

25 placed beneath the skin and over the ribcage of the patient. In other embodiments, the
electrodes 806, 808, 810 may be placed m a substernal location using an tmplant
procedure that may include a xiphoid or sub-xiphoid incision that allows for tunnehing
along the back side of the sternum. The electrodes 806, 808, 810 may also be placed
elsewhere as desired imcluding for example, for use with night sided, anterior-

30 posterior, or other implant positions.

Lead 802 15 shown for dlustrative purposes, however, other designs and
configurations mncluding fewer, more or different electrodes 806, 808, 810, or
contacts, may be used. Additional design elements such as bifurcation or other

splitting, paddles or other designs may be used instead with an anchoring device
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attached at the time of implant. The lead 802 is not shown as mchuding a passageway
for a stylet to use durning introduction, however, a lumen for that purpose may be
provided if desired. In the illustrative example, the lead 802 has a body that contains

passageways having connectors therein for coupling the proximal contacts 1o the

whn

shocking electrode 808, proximal electrode 806, and/or distal electrode 810,

The distal tip electrode 810 is shown with a suture hole 812, The suture hole

812 may be coupled to a base portion 814, Other designs may be used. In some

embodiments, a suture hole 812, or other fixation means, may not be reqaired and/or

may not be provided.

10 The shocking electrode 808 may be a printed circuit patch on a iquid crystal
polymer 818. The shocking electrode 808 may mclude a platinum, gold, or other
noble trace 816 positioned on the hquid cryvstal polymer. The trace 816 or circuit may
take any pattern desired and may be selected to optimize the therapy. For example,
the trace 816 may be a continuous irace which winds back and forth over the surface

15 of'the liqguid crystal polvmer 818, 1t is further contemplated that the peripheral shape
of the shocking clectrode 808 may also be selected to reduace the defibrillation
threshold. While the shocking electrode 808 is illustrated as having a substantially
oval peripheral shape, the shocking clectrode 708 may take any shape desired such as,
but not imited to rectangular, circular, square, polygonal, tear drop, etc. The

20 shocking electrode 808 may have a larger surface area and/or shadow than a typical
shocking coil electrode. ¥t is contemplated that increasing the surface arca and/or
shadow may allow the defibrillation threshold to be lowered which may aliow the
canister, such as canister 12, to have a smaller profile.

A thin permeable membrane may be positioned over the shocking clectrode

25 808 and/or other portions of the lead and electrode assembly 800 to inhibit tissue
mgrowth. Coatings, such as, but not limited to expanded polytetrafluorosthylene
{(ePTFE) may also be applied to the lead and electrode assembly 800, or portions
thereof, to facilitate extraction and/or to reduce tissue ingrowth. In some
embodiments, one or more of the electrodes 806, 808, 810 may be inchude a high

30 capacitive coating such as, but not limited to iridiom oxide (JrQOx), titanium nitride

{TiN}, or other “fractal” coatings which may be used, for example, tc improve

clectrical performance. The lead and electrode assembly 800, or portions thercof,

may mclude treatments in local areas to increase attachment, such as, for example,

along the length of the lead, near an electrode, or at or near the distal tip, the inclusion
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of a roughened surface, a surface of different polymer or other material, or alocal a
coating to encourage tissue growth such as a steroid.

Figures §B-8E show top view of alternative shocking electrodes 808 that may
be used with the illustrative lead and electrode assembly 800 described above, The
shocking electrodes 808 iHustrated in Figures 8A-8E should not be considered to be
inclusive of all possible arrangements of the printed circuit paich but rather examples
of some possible configurations. The configurations of printed traces 816 and
electrodes 820 are endless and may be highly customized to achieve a desired
defibrillation threshold. Figure &B illustrates a shocking electrode 808 that mncludes a
plurality of traces §16 fanning out from a central arca of the liquid crystal polymer
818, in a similar manner to the veins of a leaf. A printed electrode 820 may be
positioned at the end of all or some of the traces 816, The printed electrodes 820 may
vary i shape and size as desired.

Figure 8C illustrates a shocking clectrode 808 that includes a plurality of
traces 816. Each trace 816 may have a shape which mirrors the peripheral shape of
the hquid crystal polvmer 818 The traces 816 may be spaced a distance from one
another at regular or irregular mtervals., The traces 816 may get progressively smaller
towards the center of the Hiquad crystal polvmer 818, In some instances, the traces
316 may generally resemble a loop-type fingerprint. The number and/or size of the
traces 816 may vary, as desired.

Figure 80 dllustrates a shocking clectrode 808 that include a centrally located
electrode 820 and a plurality of electrodes 820 positioned about a perimeter of the
hiquid crystal polymer 818, The electrodes 820 may be connected through a series of
traces 816, The clectrodes 820 may vary in shape, sizg, and/or positioning as desired.

Figure 8E a shocking clectrode 808 having a bulbous shape. The shocking
electrode 808 may include a plorality of electrodes 820, In some instances, the
clectrodes 820 may be sized and shaped to mirror a perimeter of the liquid crystal
polvmer 818, The clectrodes 820 may be connected to one or more traces 816. The
electrodes 820 may vary m shape, size, and/or positionmng as desired.

Figures 9A and 9B show a top view of ancther illustrative lead and electrode
assembly 900 for use with an implantable cardiac rhythm management system, such
as, but not limited to the 5-ICD System™ from Cameron Health, Inc., and Boston
Scientific Corporation described with respect to Figure 1. In some embodiments, the

iustrated assembly 900 may be configured to move between a collapsed or delivery
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configuration, shown in Figure 9A and an expanded or implanted configuration,
shown in Figure 9B. However, it is contemplated that the illustrative lead and
clectrode assembly 900 of Figure 9A may be both the delivery configuration and the

mmplanted configuration. Similarly, the illustrative lead and electrode assembly 900

whn

of Figure 9B may be both the delivery configuration and the maplanted configuration.
While not explicitly shown, the iecad 902 may include a proximal end with a

proximal pin which along with additional contacts serves in this exarmple as an

electrical contact, which may be separated by insulating matenal. The lead 902 may

be similar in form and function to the lead 302 described above. The proximal end

10 may further include seal plugs. A proximal plug sheath may be provided for a region
near the proximal end of the lead 902, The pin, contacts, insulating maternial, and seal
plogs may be configured for placement inside a bore on a header of an implantable
pulse generator. In some embodiments, the proximal end may have standard plug
designs (DF-1, DF-4, cic.) for use in other devices. The lead 902 extends from thus

15 proximal configuration through an mtermediate region 904 to a distal end having a
proximal electrode 906, a coil electrode 908, and a distal tip electrode 910, The
posttioning and/or spacing of the electrodes 906, 908, 910 may be adjusted and/or
reconfigured to optimize sensing and/or therapy delivery. For example, both sensing
electrodes 906, 910 may be placed proximal or distal to the coil electrode 808, Thisis

20 just an example. it is contemplated that the elecirodes 906, 908, 910 may be placed
beneath the skin and over the ribcage of the paticnt. In other embodiments, the
electrodes 906, 908, 910 may be placed m a substernal location using an implant
procedure that may include a xiphoid or sub-xiphoid incision that allows for tunneling
along the back side of the sternum. The electrodes 906, 908, 910 may also be placed

25 elsewhere as desired including for example, for use with right sided, anterior-
posterior, or other implant positions.

Lead 902 is shown for itlustrative purposes, however, other designs and
configurations inchuding fewer, more or different clectrodes 906, 908, 910, or
contacts, may be used. Additional design elements such as bifurcation or other

30 spliting, paddles or other designs may be used instead with an anchoring device
attached at the time of implant. The lead 902 is not shown as mchiding a passageway
for a stylet to use during introduction, however, a lumen for that purpose may be

provided if desired. In the lustrative example, the lead 902 has a body that contains

36



WO 2017/192870 PCT/US2017/031092

whn

10

15

20

passageways having connectors therein for coupling the proximal contacts to the coil
908, proximal ¢lectrode 906, and/or distal electrode 910.

The distal tip electrode 910 is shown with a suture hole 912, The suture hole
912 may be coupled to a base portion 914, Other designs may be used. In some
embodiments, a suture hole 812, or other fixation means, may not be required and/or
may not be provided.

The coil clectrode 908 may be formed from two or more mdividual clectrodes
916a, 916b. In some embodiments, the electrodes 9164, 916b may be coil electrodes.
In other embodiments, the electrodes 916a, 916b may be other electrically active
members, such as, but not limited to, struts. While the coil clectrode 908 is illustrated
as including two electrodes 916a, 916b, the coil electrode 908 may including any
mmber of individual electrodes deaired, such as, but not limited to, one, two, three,
four, five, or more. Further, in either configuration, codl ¢lectrodes 916a, 916b may
be positioned close to one another {¢.g. touching) or spaced a distance, as desired.
The coil electrode 908 may be affixed to the lead body 902 at its proximal end 920
and its distal end 922. As shown in Figure 9B, in some embodiments, the lead body
902 may include a portion 926 that extends between the proximal end 920 and the
distal end 922 of the coil electrode 908, It is contemplated that the lead body 902 may
mclude a telescoping feature or nested tubular members that allows the proximal end
920 and/or distal end 922 of the coil electrode 908 to be moved along a longitudinal
axis of the systern 900, such as in the direction of arrows 930a, 930b, shown in Figure
9B. In other embodiments, the lead body 902 may be disposed within one or both of
the electrodes 916a, 916b. While not explicitly shown, the coil electrode 908 may
mehede a lumen or passageway for receiving a stylet or other delivery aid.

Each of the electrodes 916a, 916b may be formed from a round or tlat (ribbon}
wire, as destred. The wirgs may be relatively straight or coiled, as desired. In some
instances, adjacent windings of the electrodes 916a, 916b may be in contact with one
another while 1n other instances adjacent windings may be spread out or spaced a
distance trom one another, as desired. 1t is contemplated that the individual coil 916a,
916b may have the same or sinnlar structure, or may be different, as desired. For
example one electrode 916a may be more tightly wound than the other 916b. This is
just an example.

A thin permeable membrane may be positioned over the shocking clectrode

9038 and/or other portions of the icad and electrode assembly to inhibit tissue
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mgrowth. A single permeable membrane may surround both electrodes 916a, 916b.
Alternatively, or additionally, separate membranes may surround each of the
clectrodes 916a, 916b individually. Coatings, such as, but not imited to expanded

polvietrafluorocthylene (ePTHE) may also be applied 1o the lead and clectrode

whn

assembly 900, or portions thereof, to facilitate extraction and/or to reduce tissue
ingrowth. In some embodiments, one or more of the electrodes 906, 908, 910 may be
mclude a high capacitive coating such as, but not limited to indium oxide (irOx),
titanmium mitnde (TiN), or other “fractal” coatings which may be used, for example, to
improve electrical performance. The lead and clectrode assembly 900, or portions
10 thercof, may include treatments in local areas to mcrease attachment, such as, for
example, along the length of the lead, near an electrode, or at or near the distal tip, the
inclusion of a roughened surface, a surface of different polyvmer or other material, ora
local a coating 1o encourage tissue growth such as a steroid.
The electrodes 916a, 916b may be actuatable or expandable from a delivery
15 configuration having a first width 924, shown in Figure YA, to an implanted
configuration having a second larger width 928, as shown in Figure 9B. While the
cmbodiments shown in Figures 9A and 9B are described as movable between two
different configurations, 1t is contemplated the lead and clecirode assembly 900 may
be fixed n either arrangement. In other words, in some embodiments the electrodes
20 9163, 916b may be movable relative to one another while in other embodiments, the
electrodes 916a, 916b may be in a fixed arrangement relative to one another. H is
contemplated that the coil clectrode 908, 1n either the delivery configuration or the
implanted configaration, may be similar in size fo the coil electrode 308 described
above. The coil electrode 908 may have a larger surface area and/or shadow than a
25 typical shocking cotl electrode. It is contemplated that increasing the surface area
and/or shadow may allow the defibrillation threshold to be lowered which may allow
the canister, such as canister 12, to have a smaller profile.
The lead and electrode assembly 900 may be actuated between the delivery
configuration and the implanted configuration using any number of deployment
30 mechanisms. In one example, the distal electrode 910 may be secured to the tissue.
Once the distal end has been secured, the lead body 902 may be distally advanced to
apply a pushing force to the proximal end 920 of the coil electrode 908 using, for
example a push-pull member 918, This may cause the coil clectrodes 916a, 916b to

bias outward, for example in directions 932a, 932b, shows in Figure 9B while also
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shortening in length, as shown at arrows 930a, 930b. It is contemplated that the same
result may be achieved by applyving a proximal, or pulling force to the distal end 922
of the coil 90R using the push-pull member 918, To vet another example, the coil
clectrodes 916a, 916b may be formed in the expanded configuration illustrated in
Figure 9B. The coil electrodes 916a, 916b may be compressed into a lower profile
delivery configuration through the application of a biasing force. Forexample, when
the coil clectrodes 916a, 916b arc disposed within a delivery tool, the delivery tool
may maintam the coil electrodes 816a, 816b in a reduced profile configuration.

Figure 10 shows a top view of another iHustrative lead and electrode assembly
1000 for use with an tmplantable cardiac rhythm management system, such as, but not
timited to the S-ICD System™ from Cameron Health, Inc., and Boston Scientific
Corporation described with respect to Figure 1. The lead and electrode assembly
1000 may include a first lead and electrode assembly 1001a and a second lead and
electrode asscrbly 1001b. While the assembly 1000 15 described as mncluding two
lead and electrode assemblies 1001a, 1001h, 1 is contemplated that the assembly 1000
may tnclude any number of assemblies desired, such as, but not hmited to one, two,
three, four, or more. In some embodiments, the lead and electrode assembly 1000
may be configured to place a first lead and electrode assembly 10013 along a first side
of the sternum and the other lead and ¢lectrode assembly 1001 on the opposite side
of the sternum, although this is not required.

While not explicitly shown, each assembly 1001a, 1001b may include a lead
1002a, 10020 mcluding a proximal end with a proximal pin which along with
additional contacts serves in this example as an electrical contact, which may be
separated by insulating material. The leads 1002a, 1002b mav be similar in form and
function to the lead 302 described above. The proxamal end may further include seal
plugs. A proximal plug sheath may be provided for a region near the proximal end of
the leads 1002a, 10026, The pin, contacts, insulating material, and seal plugs may be
configured for placement inside a bore on a header of an implantable pulse generator.
In some embodiments, the proximal end may have standard plug designs (DF-1, DF-
4, et} for use 1n other devices. The leads 1002a, 1002b extend from this proximal
configuration through an intermediate regions 1004a, 1004b to a distal end having a
proximal electrode 1006a, 1006b, a coil electrode 1008a, 1008b, and a distal tip
electrode 1010a, 1010b. The positioning and/or spacing of the electrodes 1006a,
1006b, 1008a, 1008b, 1010a, 1010b may be adjusted and/or recontigured to optimize
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sensing and/or therapy debivery. For example, both sensing electrodes 1006a, 1006b,
1010a, 1010b may be placed proximal to or distal to the coil electrode 1008a, 1008b.
in other embodiments, only one of the assemblics may include sensing electrodes.
These is just an example. It 1s contemplated that the electrodes 1006a, 1006b, 1008a,
1008b, 1010a, 1010b may be placed beneath the skin and over the ribeage of the
patient. In other embodiments, the electrodes 1006a, 1006b, 1008a, 1008b, 10104,
1010b may be placed m a substernal location using an tmaplant procedure that may
mehide a xiphoid or sub-xiphoid incision that allows for tunneling along the back side
of the sternum. The electrodes 1006a, 1006b, 1008a, 1008b, 1010a, 1610b may also
be placed elsewhere as desired including for example, for use with right sided,
anterior-posierior, or other implant positions.

Lead 10024, 1002b is shown for illustrative purposes, however, other designs
and configurations including fewer, more or different electrodas 10063, 1006b, 1008a,
1008b, 1010a, 1010b, or contacts, may be used. Additional design elements such as
bifurcation or other splitting, paddies or other designs may be used instead with an
anchoring device attached at the time of implant. The lead 1002a, 1002b s not shown
as including a passageway for a styvlet to use durning introduction, however, a lumen
for that purpose may be provided if desired. In the dlustrative example, the lead
10024, 10025 has a body that contatns passageways having connectors therein for
coupling the proximal contacts to the coil 1008a, 1008k, proximal electrode 1006a,
1006b, and/or distal electrode 1010a, 10106,

The distal tip electrode 1610a, 1010b is shown with a suture hole 10123,
1012b. The suture hole 1012a, 1012b may be coupled to a base portion 10144, 1014b.
Other designs may be used. In some embodiments, a suture hole 1012a, 1012h, or
other fixation means, may not be required and/or may not be provided.

These assemblies 1001a, 1001b may be designed into one single electrode
with a volk feature and single terminal for connection to the canister. For example,
the two coil clectrodes 1008a, 1008b may be formed as a single electrode having a
“V7or Y configuration. Alternatively, the assemblies 1001a, 1001b may include
two completely separate electrodes or assemblics that plug into a dual chamber header
each with their own terounal.  In yet ancther embodiment, the assemblies 1001a,
1001b may also use an adaptor in which cach assembly 1001a, 1001b may be plugged
into. The adaptor may then be phugged into the canister with a single terminal. In

another embodiment, one electrode may be built with an optional “second electrode”
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port integrated into the lead body (similar to a built in Y™ adaptor). This may allow
the user may choose to add a second clectrode to the patient by plugging it into this
port. These configurations may allow the coil electrodes 1008a, 1008b to have a

larger surface area and/or shadow than a typical shocking coil electrode. Itis

whn

contemplated that mcreasing the surface area and/or shadow may allow the
defibrillation threshold to be lowered which may allow the canister, such as canister
12, to have a smaller profile.

While not explicitly shown, the coil electrodes 1008a, 1008b may inchude a
lumen or passageway for receiving a stylet or other delivery aid. A thin permeable
10 membrane may be posttioned over the coil 1008a, 1008b and/or other portions of the

lead and electrode assemblies 1001a, 1001b to inlubit tissue ingrowth. A single
permeable membrane may surround both electrodes 1008a, 1008b. Alternatively, or
additionally, separate membranes may surround each of the electrodes 10083, 1008b
mdividually. Coatings, such as, but not limited 1o expanded polytetrafluorocthylene
15 (ePTFE) may also be applied to the lead and electrode assembly 1001a, 1001b, or
portions thereof, to facilitate extraction and/or to reduace tissue ingrowth. In some
embodiments, one or more of the electrodes 1006a, 1006b, 1008z, 1008b, 1010a,
1310b may be include a high capacitive coating such as, but not limited fo indium
oxide (Ir{dx), titanium nitride {TiN), or other “fractal” coatings which may be used,
20 for example, to improve electrical performance. The lead and electrode assembly
1001a, 1001b, or portions thercof, may include treatments in local areas to increase
attachment, such as, for example, along the length of the lead, near an electrode, or at
or near the distal tip, the inclusion of a roughened surface, a surface of different
polvmer or other material, or a local a coating to encourage tissue growth such asa
25 steroid.
Figure 11 shows an illustrative prior art electrode mtroducer tool. The
dlustrative prior art tool 1100 includes a bullet-shaped tunneling tip 1102 at the end of
a stiff shaft 1104 made, for example, of a medical grade metal such as stainless steel.
At the proximal end, there 1s a gripping portion 1104 and a port 1108, The gripping
30 portion 1106 is provided for ergonomics but does not provide any indication of the
rotational placement of the shaft 1104 and/or tip 1102 (unlike several ilustrative
examples shown below).
The tip 1102 may include a hook or a suture hole, for example, to allow it to

be secured to a lead for implantation. For example, in some prior methods, the
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nmneling tool would be vsed to tunnel from a xiphoid mcision to an incision at the
left axilla and, once the tunneling tool tip 1102 is accessible at the left axillary
ncision, a distal tip of a lead would be sutured thercto, in order that the lead could be
pulled into the tunnel formed during advancement from the xiphoid incision to the left
axillary incision as the tool 1100 is withdrawn. A suture hole or other attachment
feature may be used in some of the thustrative examples that follow.

In some disclosures of a device as in Figure 11, the proximal port 1108 may be
used to infuse or inject analgesic, antibiotic, or other substance, to prevent patient pain
or infection. For example, some desciptions suggested that lidocaing could be
provided via the port 1108 for infusion through a lumen extending to the suture hole
at the tip 1102 (see, for example, US Patent 8,157,813}, However, the lumen so
described was not suggested as providing an avenue for implantation of the electrical
lead itself, in contrast to several examples that follow,

Figures 12A-12C show an ilhustrative tunneling tool. The tool 1200 is shown
with a distal tunneling tip 1202, proximal to which there 1s an clongated, nigid shaft
1204 the shaft 1204 may be malleable to fit a particular patient anatomy if desired,
and may be made, for example, of stainless steel or other suitable biocompatible
material. While the tool 1200 15 shown as a straight tunneling tool, it may come m a
curved configuration instead. A coating of slippery material, for example, may be
provided over the tunneling tip 1202 and/or shaft 1204,

A proximal handle is shown at 1206 and may include a proximal port at 1201
for infusion of a liqud, fluid or gas, if desired. The cross section at Figure 12B shows
a generally circular profile, thoogh other shapes may be used if desired. An
aliernative cross section is shown at Figure 12, indicating this time a shaft 1220
having a lumen therein at 1222, The lumen 1222 may be sized to receive a guidewire
or stylet to allow trackimg or additional stiffness during tunneling. If desired, the
lumen 1222 may be sized to receive a lead for implantation. In some examples, the
lumen 1222 15 sized to receive a lead having a collapsible section which may include
an clectrode, such as shown in several examples above.

Alternatively, during insertion of a tool as shown in Figures 12A-12B to create
atunnel in a patient for lead taplantation, & sheath, sach as a tearable sheath, may be
placed over the tunneling tool 1200, Once the desired tunnel is made, the sheath

would be held 1n place as the tunneling tool 1200 is removed, and the lead would be
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mserted into the sheath to a destred position. The sheath would then be removed by,
for example, tearing it along a line of preferential tearing such as a perforation.
This ilustration is somewhat similar to that of Figure 11 in certain respects,

however there are significant differences. First, the shaft 1204 i Figure 12 18
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mtended to be larger than that of the more conventional tool shown i Figure 11. For
example, the tool in Figure 11 may have an outer diameter at the tip and shaft in the
range of about 3.2 millimeters, while the device in Figure 12 may bave an outer
diameter of 4 millimeters up fo about 10 millimeters. In another respect, the lumen
1222 shown for Figure 12 may be used for passing through a second device, such as a
10 guidewire, stvict or the lcad that is being troplanted.

The device of Figures 12A-12C may be used in a method such as detailed
above in Figure 2. For example, the tunnehing tip 1202 may be advanced through an
incision o a desired location, such that a tunnel is created to that desired location
which may be subcutancous, substernal, or another location to which lead placement

15 isdesired. The tool may then be removed and a lead placed. In an altemative, the
lead may be contained in a lumen such as lumen 1222 in the tanneling tool during
wnneling, or may be advanced through the lumen 1222 after tunncling is complete.

¢ proximal handle 1206 may include a port at location 1210 or as shown at 1212,
through which the fead can exit. As the tool 1200 is removed, the lead may be held in

20 place for removal in an “over-the-wire” manner. f the iead has a collapsible
electrode such as one shown in various examples above, the collapsible electrode may
then be expanded afier the tool 1200 is removed.

Figures 13A-13D show another iHlustrative tunneling tool. Here, the tool 1300
has a wide projection near its distal tunneling tip 1302. The projection is shown at

25 1304 along the distal end of the shaft 1306, If desired, sharpened cutting edges may
be provided on one or more edges 1308 of the projection 1304 meluding, for example,
the leading (distal-facing} edges, as shown, or one the trailing (proximal facing) edges
{not shown), as well as the outward facing edges tangent to the axis of the tool 1300,
The cutting edges 1308 may be provided to make 1t easier for the user to dissect tissue

30 and/or separate tissue layers dunng tunneling.

The projection 1304 has a width that is greater than its thickness, as
highlighted m the cross section at Figure 138, while the main shaft may be generally
circular as shown at 1306 m Figure 13C, or may have any other suitable shape such as

polygonal or oval, f desired. The handle of the tool 1300 at its proximal end may



WO 2017/192870 PCT/US2017/031092

whn

10

15

20

melude a flattened portion as shown at 1310, By flattened portion, no specific method
of manufacturing is intended to be conveyed; rather, the intend of the descriptive term
is to indicate that there is a portion having a width that is greater than its thickness,
with the width of the flattened portion 1310 aligned with the width of the projection
1304, as shown in Figure 13A. The flattened portion 1310 can thus be used by an
implanter to determine the orientation of the projection relative to the tissue lavers of
the patient quickly and without having to palpate the patient’s skin.

As highlighted 1n Figare 13D, the tool 1300 may include a tumen 1322 that
extends through the shaft 1306 and/or projection. The lumen 1322 may be open at the
distal tip 1302, if desired. The lumen 1322 may be sized to receive a guidewire or
stvlet to allow tracking or additional stiffness during tunneling. If desired, the lumen
1322 may be sized to receive a fead for implantation. In some examples, the lumen
1322 1s sized to receive a lead having a colapsible section which may mchude an
electrode, such as shown in several examples above.

The device of Figures 13A-13D may be used 1n a method such as detaled
above in Figure 2. For example, the tunneling tip 1302 may be advanced through an
meision to a desired location, such that a tunnel is created to that desired location
which may be subcutaneous, substemal, or another location to which lead placement
is desired. The tunnel so created may be wider than it is thick, as defined in part by
the projection 1304, generally the aim may be to separate tissue layers as opposed to
actuallv cutting tissuc ttself. The physician/user may use the flattened portion 1310 of
the handle to determine the orentation of projection 1304 during tunneling. The tool
may then be removed and a lead placed. In an alternative, the lead may be contained
in a humen such as lumen 1322 1o the tunneling tool 1300 dunng tuaneking, or may be
advanced through the lumen 1322 after tunneling is complete. The proximal handle
may nclude a port (not shown) through which the proximal end of the lead can exit.
As the tool 1300 is removed, the lead may be held in place for removal 1n an “over-
the~-wire” manner, keeping at least a portion of the lead within the paticnt and/or at a
desired location in the patient. If the lead has a collapsible electrode such as one
shown 1 various gxamples above, the collapsible electrode may then be expanded
after the tool 1300 15 removed.

Figures 14A-14C show another tlustrative tuoneling tool. The tool 1400
mcludes a distal tunneling tip 1402, and a shaft 1404 extending thereto from a handle

(not shown). The shaft 1404 may have a profile as shown in Figure 14B, and may
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mehide a lumen 1412 thercthrough as shown by Figure 14C. The handle (not shown})
may include a flattened section/element having a similar utility to element 1310 in
Figure 13A.

The device of Figures 14A-14C may be used in a method such as detailed
above in Figure 2. For example, the tunmeling tip 1402 may be advanced through an
incision o a desired location, such that a tunnel is created to that desired location
which may be subcutancous, substernal, or another location to which lead placement
is desired. The tunnel so created may be wider than it is thick, as defined in part by
the profile shown at 1404 mn Figure 14B. Again, the aim may be to separate tissue
lavers as opposed to actually cutting tissue ttsclf. The physician/user may use the
flattened portion of the handle to determine the orentation of shaft 1404 during
tunneling. The tool may then be removed and a lead placed. In an alternative, the
lead may be contained in a lumen such as lumen 1412 1n the tunneling tool 1400
during tunneling, or may be advanced through the lumen 1412 atier tumneling is
complete. The proximal handle may include a port (not shown) through which the
lead proximal end can exit. As the tool 1400 1s removed, the lead may be held in
place for removal in an “over-the-wire” manuner, keeping at least a portion of the lead
within the patient and/or at a desired location n the patient. ifthe lead has a
collapsible electrode such as one shown in various examples above, the collapsible
clectrode may then be expanded after the tool 1400 is removed.

Figures 15A-15E show an illustrative tunncling tool having an inflatable
clement. In this example, the tunneling tool 1500 includes a distal tunneling tip 1502
with an inflatable balloon 1504 mounted proximally thereof on a shaft 1506, The
balloon 1504 may at least initially be wrapped on the shafi 1506 to keep a reduced
profile duning nitial tunneling (the width of the balloon 1504 shown in Figure 154 15
exaggerated for ease of visualization}. One or several lumens may be provided within
the shaft 1506 mclading, for example, an mflation humen and a device lamen shown
at 1508; the device lumen 1508 may instead be omitted if desired.

A handle 15 also shown at 1510 with details highlighted at Figure 15B. A
flattened portion is shown in Figure 15B with a central piece having one or more
humens therein and wings 1514, The wings 1514, as detailed fusther below, may align
with the width and/or cutting edges (if provided) on the balloon 1504 when the

balloon 1s fully inflated.
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Inflation 1s controlled at a first port 1514 which may include a pressure gage
as shown at 1316 1o determine and control inflation pressure. Inflation may be
provided using any suttable gas or liquid; typically a sterile saline may be used for

mflation. If desired, a stylet or guidewire may be provided as well, with handie 1520
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for mamipolating a distal tp 1522, The stvlet or guidewire may be used to gude the
tool 1500 to a desired location and/or may provide added stiffoess during insertion.
Figure 15C shows the balloon 1504 1 an nflated state. The balloon 1504 s
preferably a non-complaint balloon which, when mflated to selected pressure, will
assume a pre~-defined shape. Various materials are known for non-compliant balioon

10 construction, including balloons for angioplasty procedures; example materials may
meciude nyion and polvethvlene terephthalate. Some examples are discussed m US
Patents 5,348,538 and 5,714,110; shape for the balloon may be created as discussed in
the “538 patent.

The balloon 1 a fully nflated state is shown at 1540 1 Figure 15C, with

15 leading edge 1344 and trailing edge 1546, with a central member shown at 1342
extending therethrough. Figure 15D shows a section view of the balloon 1540, with
this variant 1560 having a greater width than thickness. The cendral member 1564
may include a lumen (as shown), or it may be solid. One or more of the central
member 1564 or the main shaft 1506 may be formed of a reinforced polymeric tube

20 (such ag a catheter having a mesh, braid, codl or other support embedded or
coextruded therein), or of a hypotube, or of any other suitable structure and material.

Figure 15E shows another vaniant in which the balloon 1570 may be more
circatfar in outer profile, with the central member 1574 again being cither solid {as
shown) or having a lumen therein.

25 The balloon 1504 may mclude cutting edges as highlighted at 1362 in Figure
150 and 1572 n Figure 15E. Methods and matenials for making cutting balloon
catheters may be drawn from intravascular devices. Some itustrative examples are
shown mn US Patents 7,070,576, 7632288, 7,758,604, 7,976,557, and 8,491,615, the
disclosures of which are incorporated herein by reference. Gther designs may be used

30 in the present invention, as the intent i3 not to limit to any specific material or

structure for the cutiing balloon design.

The device of Figures 15A-~15E may be used in a method such as detailed
above in Figure 2. For example, the tunmeling tip 1502 may be advanced through an

incision to a desired location, with or without use of a guidewire or stylet 1520/1522.
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A prebiminary tunnel is thus created to a desired location which may be subcutanecus,
substernal, or another location to which lead placement is desired. Next, the mflatable
clement, such as balloon 1504, can be inflated via the inflation port 1514, to expand
the tunnel 10 a preferred manner using, for example, a wide, flat balloon (Figure 150)
or a round balloon (Figure 15E). This mayv be a single step for dissection, or the
inflatable element, such as balloon 1504, may be wnflated, deflated, repositioned, and
nflated again, to continue to create a desired space for the lead. Alternatively, the
mflatable element, such as balloon 1504, may be expanded and kept in an expanded
configuration while it is moved o create a desired space for the lead. Either way, the
aim may be 1o separate tissue layers as opposed to actually cutting tissue itsclf.

The physician/user may use the flattened portion of the handle to determune
the orientation of shaft 1506 durning tunneling. The tool may 1500 then be removed
after the balloon 1504 ig deflated, and a lead placed. In an alternative, the lead may
be contained in a lumen such as lumen 1508 in the tunneling tool 1500 during
mmneling, or may be advanced through the tumen 1508 after tunneling 1s complete.
The proximal handle may include a port through which the lead proximal end can
exit. As the tool 1500 is removed, the lead may be held in place for removal in an
“over-the-wire” manner, keeping at least a portion of the lead within the patient
and/or at a desired location m the patient. I the lead has a collapsible electrode such
as one shown in varicus examples above, the collapsible electrode may then be
expanded after the tool 1500 1s removed.

Figures 16A-16B show another iffustrative tunneling tool having an mflatabie
element. The tunneling tool 1600 is shown with a tunneling tip 1602 that, in this
mstance, has an open ended lumen therethrough. An expandable member is shown as
mflated balloon 1604 through which a central member extends. Though not included
in the embodiment shown in Figures 16A-16B, the balloon 1604 may mchude cutting
edges if desired. The main shaft 1606 of the device extends to a handle 16038 The
handle is shown having a flatier, wide portion at 1608, which can be used as a guide
to maitain the desired tissue plane when inflating or otherwise using the balloon
1604 for tissue dissection/separation. In addition, the handle includes a first device
port at 1610, an nflation port at 1612, a grip at 1614, and a second device port at
1616.

The first and second device ports 1610, 1616 may access the same or different

lumens. In the tHustration of Figure 16A, two altemative ways of inserting an
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electrode arc highlighted — the electrode proximal end is shown as a plug 16224,
exiting first device port 1610; as an alterative, the electrode proximal end may be at
plug 16228, exiting the second device port 1616, In another example, port 1616 may

be used to insert a guidewire or stylet during imsertion of the tool 1600 to a desired

whn

location in the patient, after which the guidewire or stylet may be removed and

replaced with an electrode 1620 mserted through either of the device ports 1610,

f616.

The cross section at Figure 16B illastrates the main shaft 1606 comprises an
mner tubular member 1618, with a device lumen shown at 1630, and inflation lumen
10 at 1632, A coaxial cross section is shown, however, a side-by-side configuration may

be used nstead if desired.  As s known 1o the catheter arts, the oufer shafi 1606 or
mner tubular member 1618 may be formed for stiffness and steerability, with the
inner tubolar member 1618 possibly having a slippery innermost layer and an cuter
layer adapted for secure attachment to the balloon, with a tic laver therebetween. The

15 outer shaft 1606 may include a braided or other support member within a polymeric
extrasion, or may include or be formed of a hypotube. Additional support structures
to provided added stiffness and pushabilitv, such as a core wire or core wires, may be
meluded as well, Some balloon angioplasty details may be found in US Patent
6,102 890 and the additional patents and references cited therein.

20 The device of Figures 16A-16B may be used in a method such as detailed
above 1n Figure 2. For example, the tunneling tip 1602 may be advanced through an
mcision 1o a desired location, with or without use of a guidewire or stylet. A
preliminary tunnel is thus created to a desired location which may be subcutansoas,
substernal, or another location to which lead placement is desired. Next, the mflatable

25 element, such as balloon 1604, can be inflated via the inflation port 1612, to expand
the tunmel in a preferred manner using, for example, a wide, flat balloon {sce again
Figure 15D} or a round balloon {see again Figure 13E). This may be a single step for
dissection, or the nflatable clement, such as balloon 1604, may be inflated, deflated,
repositioned, and mflated again, to continue 1o create a desired space for the lead.

30 Alternatively, the mnflatable element, such as balloon 1604, may be expanded and kept

in an expanded configuration while 1t is moved {o create a desired space for the lead.

Either way, the aim may be to separate tissuc layers as opposed to actually cutting

tissue itself

48



WO 2017/192870 PCT/US2017/031092

whn

10

15

20

The physician/user may use the flattened portion of the handle 1614 o
determine the oricntation of shaft 1606 and balloon 1604 during tunneling. The tool
1600 may then be removed after the balloon 1604 15 deflated, and a lead placed. In an
alternative, the lead may be contained in a lamen such as device lumen 1630 i the
tanneling tool 1600 dunng turmebing, or may be advanced through the lomen 1630
after tunneling 1s complete, with the proximal end 16224716228 of the lead 1620
exiting either of ports 1610 or 1616, As the tool 1600 1s removed, the fead may be
held 1n place for removal in an “over-the-wire” manner, keeping at least a portion of
the lead within the patient and/or at a desired location in the patient. Hthelead hasa
collapsible electrode such as one shown in various examples above, the collapsibie
clectrode may then be expanded afier the tool 1600 is removed.

It should be noted that, if desired, a “rapid-exchange™ approach may be used
in which a side-by-side lumen construction on the main shaft 1606 includes a device
lumen having a tearable or frangible wall, or a stit or channel, through which the lead
1620 may exit the main shaft 1606 as the tool 1600 is removed. In the “over the
wire” approach shown m Figure 164, to remove the fool and keep the lead 1620
place, the user needs a relatively long proximal tail on the lead 1629, such that the
distal end of the lead 1620 remains in place while the entire tool 1600 1s removed
from the patient. In the “rapid-exchange” approach, the lgad 1620 would exit laterally
from the shaft 1606 dunng removal through the tearable or frangible wall, or shtor
channel, reducing the required length of the lead 1620, Concepts and designs of rapid
exchange angioplasty catheters, or from single-operator-exhange biliary catheters may
be used.

Figures 17A-17G show several details and variants for another illustrative
tonneling tool. Figure 17A provides a perspective view of an illustrative tunneling
tool. The tool 1700 includes a distal tunneling tip 1702, proximal to which an
expandable dissecting element is shown at 1704, A shaft 1706 extends to the
dissecting element 1704, A handle is shown at 1708 with wings extended therctrom,
with the wings aligned relative to the dissecting element 1704 so that control of the
wings 1708 controls the plane defined by the width of the dissecting clement 1704, A
proximal handle 1710 includes a control knob 1712, Twisting the control knob 1712
determings the extent to which the dissccting clement 1704 expands bevond the width

of the tunneling tip 1702 and/or shatt 1706,

49



WO 2017/192870 PCT/US2017/031092

whn

10

15

20

The tunneling tool 1700 may, in this example, be inscrted through an insertion
tube 1720, if desired. The insertion tube 1720 may be a splittable sheath. The
additional insertion tube 1720 may be omitted. An insertion tube such as that shown
at 1720 m Figure 17A may optionally be used with any of the embodiments shown
herein, if desired.

The total length from tip 1702 to handle 1708 may be in the range of, for
example, 5 to 18 inches, or more or less, with the total tool length being from about
10 to 26 inches, or more or less. More desirably, the fength from tip 1702 to handle
may be in the range of about 6 to 12 inches. Similar lengths mav be used 1o other
cmbodiments shown hercin.

Figure 17B 15 a detail view of region B in Figure 17A. It can be scen that
shaft 1706 has a forked distal end to which the tunneling tip 1702 1s attached. If
desired, a central member may be included to define a lumen through the center of
shaft 1706 and tip 1702, thought Figure 17B omits such a design. The dissecting
clement 1s formed of a pair of wires 1704A, 17048, In some examples, the two sides
of the dissecting element 1704A, 17048 are designed to symmetnically expand
outward as shown. The outward bend in this example may be positivelv induced by
advancing a control rod 1704 within the shaft 1706 to force the outward bend shown.
Alternatively, the outward bend may be caused by a pre-formed shape of the wires
17044, 17048, with the control rod being retractable from the position shown in
Figurc 178 to pull the wires 1704A, 17048 back under tension to within the shaft
1706.

If desired the wires 17044, 1704B may be coupled to an electrical scurce or
ultrasonic transducer to induce heating or vibration and enhance the ability to cut or
separate fissue layers. The wires may be springs or spring coils, if desired.

Figures 17C and 178 show a further illustration. The tunneling tool 1730 1s
shown here with an outer profile shown in dashed hines at 1732 leading to the tip
1734. When the dissecting clement 1736 1s in the retracted position shown in Figure
17C, the outer dimension of the dissecting element 1736 15 equal to or less than the
outer profile 1732, as shown by Figure 17C. When the dissecting clement is
expanded, for example by advancing the control member 1738, the dissecting clement
1736 outer dimension goes beyond the outer profile 1732 of the tool 1730 and tip

1734, as shown in Figure 17D
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Figure 17E shown an altemative to Figure 17A. Here, the tool 1750 inchudes a
nmneling tip 1752 proximal to which is a dissecting element 1754, A proximal
handle 1s shown with a flatiened portion 1756 that has a width that aligns with the
width of the dissecting element 1754, A proximal grip is shown at 1738 and, m this
example a dial 1760 1s used with a marker 1762 to determine the extent to which the
dissecting element 1754 is expanded by the control member (not shown). Turning the
dial 1760 causes the shape of the dissecting element 1754 to change by one of rotating
or advancing/retracting the control member {not shown}. Figure 17F shows another
example with a dial 1774 that can be turned located on the flattened part 1772 of
handle 1770, with marker/indicator at 1776. The numbers are shown for illustration;
n some examples, the numbers may indicate a width of the dissecting member 1754,
if desired.

Figure 17G shows some itlustrative wire designg that may be used in the
construction of a dissecting element such as element 1736, A triangular wire 1780, a
circular wire 1882, a ribbon wire 1790, and a diamond or square wire 1792 may be
used. Other shapes may be used as well.  desired, as shown at 1782, the wire may
comprise a contral core 1784 and with an outer coating 1786 thercon. Also, as shown
at 1792, cutting elements 1794 in the form of sharpened edges may be provided if
desired; aliernatively, items 1794 may simply be remforcement of the edges. The
wire may be formed of any suitable biccompatible material including, for example,
stainless steel, platinum, titandum, or a superelastic alloy such as nickel-titantum alloy
{for example, Nitinol), or others. The wires 1780, 1782, 1790, 1792 may be sohid or
hollow, as desired. Sach materials and designs may be used as well i the
embodiments of Figures 18A-18B, 19A-198, 20A-20B, and 21A-218.

The device of Figures 17A-17G may be used in a method such as detailed
above in Figure 2. For example, the tumnehing tip 1702 may be advanced through an
incision to a desired location, with or without use of a guidewire or stylet. A
preliminary tunncl is thus created to a desired location which may be subcutancous,
substernal, or another location to which lead placement is desired. Next, the
dissecting element 1704 s expanded to expand the tunnel. This may be a single step
for dissection, or the digsecting element 1704 may be extended, retracted,
repositioned, and extended again, to continue to create a desired space for the lead.
Alternatively, the dissccting element 1704 may be expanded and kept in an expanded

configuration while it is moved along with the rest of the tool 1700 to create a desired
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space for the lead. Generally speaking, the aim may be to separate tissue layers as
opposed to actually cutting tissue itseif. As before, if desired, a lead having an
expandable electrode may be placed through a lumen (not shown) in tool 1700 and
during tool removal the lead may be kept in place and the electrode then expanded
into the created space.

Figures 18A-18B show another illustrative tunneling tool, n this instance
replacing the spring coils of Figures 17A-~17G with linkage arrangements. The tool
1800 is shown having a linkage arrangement at 1802, 1n Figure 18A in a retracted
configuration as the conirol rod 1804 is in a non-extended position. When the control
rod 1804 1s extended, or twisted, depending on the mechanism used, the hinkage 1802
extends outward from its retracted position to a dissecting configuration as shown in
Figure 18B. For example, advancing the control rod 1804 may press forward the
linkage 1802 forcing it out of the shits at the end of the tool 1800, In another example,
the conirol rod forces the linkage 1802 mnto the extended position by pulling the distal
tip portion 1806 of tool 1800 toward the main shaft 1808, In another example,
twisting the control rod, which may be eccentrically shaped near its distal end, to
force the linkage out into an extended configuration. As with other examples, a
lumen may be provided through the tool 1800 to allow for a guidewire, stylet, or lead
to be placed therethrough, and the handle (not shown) may include a gwide feature
{such as a flattened portion} for alignment control relative to the linkage 1802,

The device of Figures 18A-18B mayv be used in a method such as detatled
above in Figure 2. For example, the tunneling tip of the distal tip portion 1806 may
be advanced through an incision to a destred location, with or without use of a
guidewire or stvlet. A prehiminary tunnel is thus created to a desired location which
may be subcutancous, substernal, or another location to which lead placement is
desired. Next, the linkage 1802 is actuated using the control rod 1804 to assume the
dissection configuration shown m Figure 18B, expanding the preliminary tunnel.
This may be a single step for dissection, or the linkage 1802 may be retracted and
repositioned and extended again to continue to create a further desired space for the
lead. Altematively, hnkage 1802 may be expanded and kept in an expanded
configuration while it is moved o create a desired space for the lead. Either way, the
aim may he to separate tissue layers as opposed to actually cutting tissue itself. As

before, if desired, a lead having an expandable electrode may be placed through a

A
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fumen (not shown) in tool 1800 and during tool removal the lead may be kept in place
and the electrode then expanded into the created space.

Figures 19A-19B show another illustrative tuoneling tool. In this example, the
tonneling tool 1900 has a tunneling tip at 1902 proximal to which 1s a spring wire
shown at 1904 in phantom in Figure 194, and shown in Figure 19B i an extended
configuration. The tunneling tool includes a handle having a hilt 1910 adjacent to an
optional flattened portion 1906 that may again serve as a guide for aligning the coil
1904 in a destred tissue plane. The prosimal handle 1908 may, as before, include a
port for access to a thro-lumen for use with a guidewire or stylet or to allow
imtroduction of a lead.

The control mechanism in Figures 19A-19B is a sheath 1930 having a
proximal handle as shown and a distally extending retraining portion shown at 1932,
When the sheath 1930 is placed as shown in Figure 194, it covers and constrains the
cotl 1904. When moved in the proximal direction as indicated at 1934, the sheath
1930 releases the spring coil 1904 to create a configuration as in Figure 19B. If

eaired, a control rod may be included as well to further control the shape of the
spring coil 1904, Once the desired tunnel is formed, the sheath 1930 can be advanced
over the coil 1904 to constrain it and prepare the tool for removal.

The device of Figures 19A-19B may be used in a method such as detailed
above in Figure 2. For example, the tunneling tip 1902 may be advanced through an
mcision 1o a desired location, with or without use of a guidewire or stylet. A
prehiminary tunnel 1s thus created to a desired location which may be subcutancous,
substernal, or another location to which lead placement is desired. Next, the sheath
1930 is retracted to release the spring coil 1904 to assume the dissection configuration
shown i Figure 19B, expanding the preliminary tunnel. This may be a single step for
dissection, or the sheath 1930 may be advanced to constrain the coil 1904 for
repositioning; once repositioned, the sheath 1930 may again be retracted to release the
spring coil 1904 1o create a further desired space for the lead. Alternativelv, the
sheath 1930 may be withdrawn to release the spring coil 1904, and the tool 1900 may
be moved about to create a desired space for the lead. Either way, the aim may be to
separate tissue layers as opposed to actually cutting tissue itself. As before, if desired,
a lead having an expandable clectrode may be placed through a lumen (not shown) in
tool 1900 and during tool removal the lead may be kept in place and the electrode

then expanded nto the created space.

A
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Figures 20A-20B show another illustrative tunneling tool. In this example, the
nnneling toct 2000 includes a distal tunneling tip 2002, proximal to which there is a
spring coil 2004, shown in phantom in Figure 20A. The spring coil 2004 is coupled
to a control rod 2008 that 15 controlied from the proximal handie by accessing a
switch, slider, tab or lever at 2006, Alternatively, a knob or dial may be provided as
shown for other examples above. The distal end is shown with the spring coil
extended in Figurc 208, | can be scen that the tunneling tip 2002 is near slots 2010
that allow the spring coil 2012 {o exit the nterior of the tool when the control rod
2008 is twisted or advanced. In this embodiment, the wirg of the spring coil 2012 is
preferably somewhat stiff, so that once the spring cou 2012 is extended as shown in
Figure 208, movement of the tunneling tool 2000 causes tissue to be dissected and/or
tissue layers to be separated, creating a space for lead implantation. A humen may be
provided within the tool 2000 for a guidewire, stylet, or lead.

Figures 21 A-2 1B show another illustrative tunneling tool. The tool 2100
mcludes a tunneling tip 2102 and a shaft containing a cutting wire 2104, The handle
2106 may contain a switch, slider, tab, lever, knob or dial, or other control
mechanism, 2108 proximal to which slots 2110 are provided. As can be see, in this
example the cutting wire 2104 includes crise-crossed segments near the distal end of
the tool 2100. When the cutting wire 2104 15 actuated, it would move as shown in
Figure 21B, with free ends 2112 exating via slots 2110 from within the tool 2100, near
and proxumal to the distal dissecting tip 2102, In this embodiment, the cutling wire
2104 is preferably somewhat stiff, so that once extended as shown in Figure 218,
movement of the tunneling tool 2100 causes tissue to be dissccted and/or tissoe lavers
o be separated, creating a space for lead implantation. Again, a lumen may be
provided within the tool 2100 for a guidewire, stylet, or lead.

The devices of Figures 20A-20B and 21A-21B may be used in a method such
as detailed above in Figure 2. For example, the tunneling tip 2002 or 2102 may be
advanced through an incision to a desired location, with or without usc of a guidewire
or stylet. A preliminary tunnel is thus created to a desired location which may be
subcutaneous, substernal, or ancther focation to which lead placement is desired.
Next, the spring coil 2004 or cutting wire 2104 is extended out of slots 2010/2110 to
assume the dissection configuration shown i Figures 208/218. The tools 2000, 2100
are then moved by advancing or withdrawing them to dissect tissue or separate tissoe

lavers. The proximal ends of cach tool 2000, 2100 may include Hattened or other
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portions for alignment to the desired tissue plane, as in earlier examples. The aim
may be o separate tissue layers as opposed to actually cutting tissue iiself. As before,
if desired, a lead having an expandable electrode may be placed through a lumen (not
shown) in tool 2000/2100 and during tool removal the lead may be kept in place and

the electrode then expanded mto the created space.

Non-limiting examples

In a first example an implantable defibrillator may comprise a canister housing
a source of electrical energy, a capacitor, and operational circuitry that senses heart
thythms and an clectrode and lead assembly. The clectrode and lead asscmbly may
comprise a lead, at least one sensing electrode, and at least one shocking clectrode.
The at teast one shocking electrode may extend over a length in the range of 50 to 110
millimeters and a width in the range of 1 to 40 mitlimeters,

Alematively or additionally 1o anv of the examples above, in a second
example, the at least one shocking electrode mav comprise a coil electrode having a
generally flattened oval shape.

Alternatively or additionally to any of the examples above, in a third example,
the coil electrode may have a closed pitch.

Altematively or additionally to any of the examples above, m a fourth
example, the at least one shocking electrode may comprise a plarality of cotl
electrodes.

Alternatively or additionally to any of the examples above, in a fifth example,
the plurality of coil electrodes may be configured to be actuated between a delivery
configuration and an implanted configuration,

Alternatively or additionally to any of the examples above, in a sixth example,
the implanted configuration may have a larger width than the delivery configuration.

Altematively or additionally to any of the examples above, in a seventh
example, the implantable defibriliator may further comprise a push-pufl mechanism
configured to move the plurality of electrodes between the delivery configuration and
the implanted configuration.

Alternatively or additionally to any of the examples above, in an cighth
example, the shocking clectrode may comprise a first coul electrode baving one or
more oscillations about a longitudinal axis of the lead, cach oscillation having at least

one peak and valley.

"
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Alternatively or additionally to any of the examples above, in a ninth example,
the shocking electrode may comprise a first coil electrode wound into a helical
configuration.

Alternatively or additionally to any of the examples above, in a tenth example,

whn

the implantable defibrillator may further comprise a second cotl electrode having one

or more oscillations, each oscillation having at least one peak and valley, wherein the

first and second coil electrodes are coiled in directions such that a valley of the first

coil electrode may be positioned adjacent to a peak of the second coil electrode.

Alternatively or additionally to any of the cxamples above, i an eleventh

10 cxample, the tmplantable defibrillator may further comprise a second coil wound into
a helical configuration, wherein the first and second coil electrodes are wound in
opposite directions.

Altematively or additionally to any of the examples above, in a twelfth
example, the shocking clectrode may comprse a woven electrically conductive mesh

15 at least partially embedded m a silicone camer.

Alternatively or additionally to any of the examples above, 1n a thirteenth
example, the shocking clectrode may comprise a printed circuit disposed on a Hguid
crvstal polymer.

Altemnatively or additionally to any of the examples above, in a fourteenth

20 example, ong of the at least one sensing clectrode and the at least one shocking
electrode may further comprise a high capacitive coating.

Alternatively or additionally to any of the examples above, m a fifleenth
example, the implantable defibrillator may further comprise a membrane disposed
over at least a portion of the lead and electrode assembly.

25 Alternatively or additionally to any of the examples above, in a sixteenth
example, the at least one shocking electrode may extend over a length in the range of
60 to 100 nullimeters.
Alematively or additionally to any of the exarples above, n a seventeenth
example, the at least one shocking electrode mav extend over a length m the range of
30 70 to 90 millimeters.
Alternatively or additionally to any of the examples above, in a eighicenth
example, the at least one shocking clectrode may have a width in the range of 10 to 30

millimeters.
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Alternatively or additionally to any of the examples above, in 2 nineteenth
example, the at least one shocking electrode may have a width m the range of 1510 25
mitlimeters.

Alternatively or additionally {o any of the examples above, in a twentieth
example, the lead may be configured for subcutanecus implantation and the canister
houses operational circuitry configured for use as a subcutaneous-only defibriliator.

In a twenty first example, a method of implanting a defibrillator as in any of
examples one through twenty may comprise implanting the canister in the left axallary
region of a patient, implanting the lead subcutancously over the riboage of the patient
and beneath the skin, and coupling the lead to the canister.

Alternatively or additionally {0 any of the examples above, in a twenty second
example, the lead may be configured for implantation beneath the sternum of a
patient and the canister houses operational circuitry configured for use as a substernal
defibrillator.

In a twenty third example, a method for implanting a defibrillator as in any of
example one through nineteen or twenty two may comprise implanting the canister in
the left axillary region of a patient, implanting the lead substerally behind the
sternum of the patient and outside of the heart and pericardium, and coupling the lead
to the canister.

In a twenty fourth example, an implantable defibnillator may comprise a
canister housing a source of electrical energy, a capacitor, and operational circuitry
that senses heart rhythms and an clectrode and lead assembly. The electrode and lead
assembly may comprise a lead, at least one sensing electrode, and a coil electrode
comprising a helically wound clement and having a generally oval cross-sectional
shape. The coil electrode may extend over a length i the range of 50 to 110
millimeters and a width in the range of 1 to 40 mullimeters.

Altematively or additionally to any of the examples above, in a twenty fifth
example, the coil electrode may have a closed pitch.

Alternatively or additionally to anv of the examples above, m a twenty sixth
example, the coil electrode may have an open pitch.

Alternatively or additionally to any of the examples above, in a twenty seventh
example, the coil electrode may be disposed over a portion of the lead.

Altermnatively or additionally to any of the examples above, in a twenty eighth

example, the at least one sensing clectrode may comprise a proximal sensing

B
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electrode positioned proximal to the coil electrode and a distal sensing electrode
positicned distal to the coil electrode.
Alternatively or additionally to anv of the examples above, in a twenty ninth

example, ong of the at least one sensing clectrode and the coil electrode may further

whn

comprise a high capacitive coating.

Altematively or additionally to any of the examples above, m a thirticth
example, the implantable defibrillator may further comprise a membrane disposed
over at least a portion of the lead and electrode assembly.

Alternatively or additionally to any of the examples above, in a thirty first
10 ecxample, the coil electrode may extend over a length in the range of 60 to 100

millimeters.
Alternatively or additionally to any of the examples above, in a thirty second
example, the coil electrode may extend over a length in the range of 70 to 90
millimeters.
15 Altemnatively or additionally to anv of the examples above, m a thirty third
example, the coil electrode may have a width in the range of 10 to 30 millimeters.
Alternatively or additionally to anv of the cxamples above, in a thirty fourth
example, the coil electrode may have a width 1n the range of 15 to 25 mulhimeters.
In a thirty fifth example, an implantable defibrillator may comprise a canister
20 housing a source of electrical energy. a capacitor, and operational circitry that sensgs
heart rhythms and an clectrode and lead assembly. The electrode and lead assembly
may comprise a lead, at least one sensing clectrode, and a shocking electrode. The
shocking electrode may comprise a first electrode and a second electrode each having
a proximal end and a distal end, wherein the first electrode and the second electrode
25 are each coupled to the lead at their proximal and distal ends.
Altermnatively or additionally to any of the examples above, m a thirty sixth
example, the implantable defibrillator may further comprise an actuation mechanism.
Alematively or additionally to any of the exaraples above, n a thirty seventh
example, the actuation mechanism may be a push-pull member.
30 Alternatively or additionally to any of the examples above, m a thirty eighth
example, the shocking electrode may be configured to be actuated between a delivery

configuration and an tmplanted configuration.
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Alternatively or additionally to any of the examples above, 1n a thirty ninth
example, the implanted configuration may have a larger width than a width of the
delivery contiguration.

Alternatively or additionally {0 any of the examples above, in a fortieth

whn

example, at least one of the first and second electrodes may comprise an electrically

conductive strut.

Alematively or additionally to any of the exaraples above, n a forty first
example, at least one of the first and second electrodes may comprise a helically
wound coil electrode.

10 Alternatively or additionally to any of the cxamples above, 1n a forty second
example, the first and second clectrodes may be axially spaced from a longitudinal
axis of the lead.

Altematively or additionally to any of the examples above, in a forty third
example, the at least one sensing clectrode may comprise a proximal sensing

15 electrode posttioned proximal to the shocking electrode and a distal sensing electrode
positioned distal to the shocking electrode.

Alternatively or additionally to any of the examples above, in a forty fourth
example, one of the at least one sensing clectrode and the shocking electrode may
further comprise a high capacitive coating.

20 Altematively or additionally to any of the examples above, in a forty fifth
example, the implantable defibrillator may further comprisc a membrane disposed
over at least a portion of the lead and electrode assembly,

Alternatively or addittonally to any of the examples above, in a forty sixth
example, when in the implanted configuration, the shocking clectrode mayv extend

25 over alength in the range of 50 to 110 millimeters.

Altemnatively or additionally to any of the examples above, in a forty seventh
example, when in the implanted configuration, the shocking electrode may extend
over a length in the range of 60 to 100 milluneters.

Alternatively or additionally to any of the examples above, m a forty eighth

30 example, when in the implanted configuration, the shocking clectrode may extend

over a iength in the range of 70 to 90 millimeters.

Alternatively or additionally to any of the examples above, in a forty nuth
example, when in the implanted configuration, the shocking electrode may have a

width in the range of 1 to 40 millimeters.
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Alternatively or additionally to any of the examples above, in a fifueth
example, when in the implanted configuration, the shocking electrode may have a
width in the range of 10 to 30 millimeters.

Alternatively or additionally o any of the examples above, in a fifty first

whn

example, when in the implanted configuration, the shocking electrode may have a
width in the range of 15 to 25 millimeters.
In a fifty second example, an implantable defibrilator may comprisc a canister

housing a source of electrical energy

=2

a capacitor, and operational circuitry that senses
heart rhythms and an electrode and lead assembly. The electrode and lead assembly

10 may comprisc a lead having a longitudmal axis, at least one sensing electrode, and a
shocking clectrode. The shocking electrode may comprise a first coil electrode
having a curved configuration including a first curved region that may extend axially
away from the longitudinal axis of the lead in a first dirgction and a second curved
region that may extend axially away from the longitudinal axis of the lead in a second

15 direction opposite from the first. The shocking electrode may extend over a length in
the range of 50 to 110 millimeters and a width i the range of 1 to 40 millimeters.

Alternatively or additionally to anv of the cxamples above, in a fifty third
example, the first curved region and the second curved region ot the first coil
glectrode form at least a partial oscillation about the longitudinal axis of the lead.

20 Altematively or additionally to any of the examples above, i a fifty fourth
example, the first coil electrode may further comprise additional curved regions to
form one or more oscillations about the longitudinal axis of the lead.

Alternatively or additionally to any of the examples above, in a fifty fifth
example, the shocking electrode may further comprise a sccond coil elecirode, the

25 second coil electrode having a having a curved configuration mcluding a first curved
region that may extend axtally away from the longitudinal axis of the lead in the
second direction and a second curved region that may extend axially away from the
longitudinal axis of the lcad in the first direction opposiic.

Alternatively or additionally to any of the examples above, n a fifty sixth

30 example, the first coil electrode and the second coil electrode may cross at one or
MO CrOSS points,

Alternatively or additionally to any of the cxamples above, 1n a fifty seventh
gxample, the first coil electrode may be configured to be straightened into a

straightened configuration for delivery.
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Alternatively or additionally to any of the examples above, 1n a fifty ¢ighth
example, the second coil electrode may be configured to be straightened into a
straightened configuration for delivery.

Alternatively or additionally to any of the examples above, in a fifty ninth

whn

example, when in the straightened configuration, the first coil electrode may have a

reduced profile relative to the curved configuration.

Alematively or additionally to any of the exarples above, in a sixtieth
example, when in the straightened configuration, the second coil electrode may have a
reduced profile relative to the curved configuration.

10 Alternatively or additionally to any of the cxamples above, in a sixty first
example, the at least one sensing electrode may comprise a proximal sensing
electrode positioned proximal to the shocking electrode and a distal sensing electrode
posttioned distal to the shocking clectrode.

Alematively or additionally to any of the exaraples above, n a sixty second

15 example, at least a portion of the lead and ¢lectrode assembly may further comprise a
high capacitive coating.

Alternatively or additionally to any of the cxamples above, in a sixty third
example, the implantable defibriliator may further comprise a membrane disposed
over at least a portion of the lead and clectrode assembly.

20 Altematively or additionally to any of the examples above, i a sixty fourth
example, the shocking clectrode may extend over a length in the range of 60 to 100
millimeters.

Alternatively or additionally to any of the examples above, 1n a sixty fifth
example, the shocking clectrode may extend over a length 1 the range of 70 to 96

25 millimeters.

Alternatively or additionally to any of the examples above, m a sixty sixth
example, the shocking electrode may have a width in the range of 10 to 30
millimeters.

Alternatively or additionally {0 any of the examples above, in a sixty seventh

30 example, the shocking clectrode may have a width in the range of 1510 25

millimeters.

In a sixty eighth example an implantable defibrillator may comprise a canister
houstng a source of electrical energy, a capacitor, and operational circutry that senses

heart rhythms and an electrode and lead assembly. The electrode and lead assembly
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may comprise a lead having a longitudinal axis, at least one sensing electrode, and a
shocking electrode. The shocking electrode may comprise a first coil electrode may
comprse a helically wound element, the first col clectrode wound into a first helical
configuration about the longitudinal axis of the lead. The shocking clectrode may
gxtend over a length in the range of 50 to 110 mullimeters and a width in the range of
I to 40 millimeters.

Alematively or additionally to any of the examples above, in a sixty ninth
example, the shocking clectrode may further comprise a second coil electrode may
comprse a helically wound element, the second coil electrode wound into a second
helical configuration about the longitudinal axis of the lead, the sccond helical
configuration extending in a rotational direction opposite the first helical
configuration.

Altematively or additionally to any of the examples above, in a seventicth
example, the first coil electrode and the second coil electrode may cross at one or
MOTe Cross points.

Alternatively or additionally to any of the examples above, 1n a seventy first
example, the first coil electrode may be configured to be straightened into a
straightened configuration for delivery.

Alternatively or additionally to any of the examples above, m a seventy
second example, the second coil electrode may be configured to be straightened indc a
straightened configuration for delivery.

Alternatively or additionally to any of the examples above, m a seventy third
example, when in the straightened configuration, the first coil electrode may have a
reduced profile relative to the curved configuration.

Alternatively or additionally to any of the examples above, n a seventy fourth
example, when in the straightened configuration, the second coil electrode may have a
reduced profile relative to the curved configuration.

Alematively or additionally 1o anv of the ¢xarmpies above, n a seventy fifth
example, the at least one sensing electrode may comprise a proximal sensing
electrode positioned proximal to the shocking electrode and a distal sensing electrode
positicned distal to the shocking electrode.

Alternatively or additionally to anv of the cxamples above, in a seventy sixth
gxample, at least a portion of the lead and electrode assembly may further comprise a

high capacitive coating.
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Alternatively or addittonally to any of the examples above, in a seventy
seventh example, the implantable defibrillator may further comprise a membrane
disposed over at least a portion of the lead and electrode assembly,

Alternatively or additionally to any of the examples above, in a seventy eighth

whn

gxample, the shocking clectrode may extend over a length 10 the range of 60 to 100

millimeters.

Alematively or additionally to any of the examples above, in a seventy ninth
example, the shocking clectrode may extend over a length mn the range of 70 1o 90
millimeters.

10 Alternatively or additionally to anv of the cxamples above, 1n an eighticth
example, the shocking electrode may have a width in the range of 10 to 30
millimeters.

Alternatively or additionally to any of the examples above, in an cighty first
example, the shocking clectrode may have a width in the range of 1510 28

5 millimeters.

In an eighty second example, an implantable defibrillator may comprise a
canister housing a source of ¢lectrical energy, a capacitor, and operational circuitry
that senses heart thythms and an electrode and lead assembly. The electrode and lead
assembly may comprise a lead having a longitudinal axas, at least one sensing

20 glectrode, and a shocking electrode. The shocking electrode may comprise an
electrically conductive material cmbedded in a silicone carrier. The shocking
electrode may extend over a length 1o the range of 30 to 110 nullimeters and a width
in the range of 1 to 40 mullimeters.

Alternatively or additionally to any of the cxamples above, in an eighty third

25 example, the electrically conductive material may comprise one or more woven
filaments.

Altematively or additionally to any of the examples above, i an cighty forth
example, the electrically conductive material may comprise one or more braided
flaments.

30 Alternatively or additionally to any of the examples above, in an eighty fifth

example, the electrically conductive material may comprise a laser cut pattermn.

In an eighty sixth example, an implantablic defibrillator may comprise a
canister housing a source of electrical engrgy, a capacitor, and operational circuitry

that senses heart rhythms and an electrode and lead assembly. The clectrode and lead
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assembly may comprise a lead having a longitudinal axis, at least one sensing
electrode, and a shocking electrode. The shocking electrode may comprise a printed
circuit disposed on a hiquid crvstal polymer. The shocking electrode may extend over
a length in the range of 50 to 110 millimeters and a width in the range of 1 to 40

millimeters.

whn

Altematively or additionally to any of the examples above, m an cighty
seventh example, the printed circuit may comprise One or more traces.
Alternatively or additionally to any of the examples above, 1 an eighty eighth
example, the one or more traces may be positioned in a winding configuration on the
10 hquid crystal polvmer.
Alternatively or additionally to any of the examples above, in an eighty ninth
gxample, the one or more traces may fan out from a central region.
Altematively or additionally to any of the examples above, in a nineticth
example, the printed circuit may comprise ong or more electrode pads.
15 Alternatively or additionally to anv of the examplies above, 1 a ninety first
example, the shocking electrode may have a generally oval shaped outer penimeter.
Alternatively or additionally to any of the examples above, in a ninety second
example, the shocking electrode may have a generally rectangular shaped outer
perimeter.
20 Altematively or additionally to any of the examples above, in a ninety third
example, the shocking clectrode may be configured to be rolled for debvery.
Alternatively or additionally fo anv of the examples above, in a ninety fourth
example, the at least one sensing electrode may comprise a proximal sensing

clectrode positioned proximal to the shocking electrode and a distal sensing electrode

N
g

posttioned distal to the shocking electrode.

Alternatively or additionally to any of the examples above, in a ninety fifth
example, at least a portion of the lead and electrode assembly may further comprise a
high capacitive coating.

Altemnatively or additionally to any of the examples above, in a ninety sixth

(]
<

example, the implantable defibrillator may further comprise a membrane disposed
over at least a portion of the lead and electrode assembly.

Alternatively or additionally to any of the cxamples above, in a ninety scventh
example, the shocking electrode may extend over a length i the range of 60 to 100

millimeters.
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Alternatively or additionally to any of the examples above, in a ninety eighth
example, the shocking electrode may extend over a length i the range of 70 10 90
mitlimeters.

Alternatively or additionally to any of the examples above, i a ninety ninth

whn

example, the shocking electrode may have a width in the range of 10 to 30

millimeters.

Alternatively or additionally to anv of the examples above, in a one bundredth
example, the shocking clectrode may have a width in the range of 1510 25
millimeters.

10 Alternatively or additionally to any of the examples above, in a one hundred
and first exarople, the lead may be configured for subcutaneous implantation and the
camster houses operational circuitry configured for use as a subcutancous-only
defibrillator.

In a one hundred and second example, a method tor implanting a defibrillator

15 asin any of examples twenty four through one hundred and one may comprise
implanting the canister in the left axillary region of a patient, implanting the lead
subcutancously over the nbcage of the patient and beneath the skin, and coupling the
lead to the canister.

Alternatively or additionally to any of the examples above, in a ong hundred

20 and third example, the lead may be configured for implantation bencath the sternum

of a paticnt and the canister houses operational circuttry configured forusc asa

substernal defibrillator.
In a one hundred and fourth example, a method for implanting a defibnllator

as in any of examples twenty four through one hundred and one or one hundred and

N
g

three may comprise implanting the canister in the left axillary region of a patient,
implanting the lead substernally behind the sternum of the patient and outside of the
heart and pencardium, and coupling the lead to the canister.

Each of these non-limiting cxamples can stand on tts own, or can be combined

m various permutations or combinations with one or more of the other examples.

(]
<

The materials that can be used for the various components of the lead and
electrode assembly, delivery tools, and/or other devices disclosed herein may include
those commonly associated with medical devices. For simplicity purposes. the
following discussion makes reference to accessory devices and their related

components. However, this is not intended to himit the devices and methods
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cscribed herein, as the discussion may be applied to other similar devices, tubular
members and/or components of tubular members or devices disclosed herein.

The various components of the devices/systems disclosed herein may include
ametal, metal alloy, polymer {(some examples of which are disclosed below), a metal-
polymer composite, ceramics, combinations thereof, and the bke, or other saitable
material. Some examples of suitable metals and metal alloys include stainless steel,
such as 304V, 304L, and 316LY stainless steel; mild stecl; nickel-titanium alloy such
as linear-elastic and/or super-elastic nitinol; other nickel alloys such as nickel-
chromium-molvbdenum alloys (c.g., UNS: N06625 such as INCONEL® 625, UNS:
N06022 such as HASTELLOY® C-22®, UNS: N10276 such as HASTELLOY®
C276®, other HASTELLOY® allovs, and the like), nickel-copper alloys (e.g., UNS:
NO4400 such as MONEL® 400, NICKELVAC® 400, NICORROS® 400, and the
like), nickel-cobalt-chromium-molybdenum alloys (e, UNS: R30035 such as
MP35-N® and the hike), nickel-molybdenum allovs {c.g., UNS: N106635 such as
HASTELLOY® ALLOY B2®), other nickel-chromium alloys, other nickel-
molyvbdenom allovs, other nickel-cobalt alloys, other nickel-iron alloys, other nickel-
copper alloys, other nickel-tungsten or tungsten alloys, and the like; cobalt-chromium
ailoys; cobalt-chromium-molyvbdenum alloys (e.g., UNS: R30003 such as
ELGILOY®, PHYNOX®, and the like); platinum enriched stmnless steel; titantum;
combinations thereof, and the like; or any cther suitable material.

Some examples of suitable polvmers may include polytetrafluorocthylene
(PTFE), ethyvlene tetrafluorocthyiene (ETFE), fluorinated ethylene propylene (FEP),
polyoxvmethylene (POM, for example, DELRIN® available from DuPont}, polvether
block ester, polyurethane {for example, Polvurethane 85A), polypropvienc (PP},
polyvinvichloride (PVC), polyether-ester (for example, ARNITEL® available from
DSM Engineering Plastics), ether or ester based copolymers {for example,
butvlene/poly{alkviene cther) phthalate and/or other polyester elastomers such as
HYTREL® available from DuPont), polvamide (for example, DURETHAN®
available from Baver or CRISTAMID® available trom EIf Atochem), ¢lastomeric
polyamides, block polyamide/ethers, polvether block amide (PEBA, for example
available under the trade name PEBAX®), ethylene vinyl acetate copolymers (EVA),
stlicones, polyethylene (PE), Marlex high-deunsity polyethviene, Marlex low-density
polyethylene, incar low density polyethylene (for example REXELL®R), polvester,

polybutylene tercphthalate (PBT), polyethylene terephthalate (PET), polytrimethviene
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terephthalate, polyethylene naphthalate (PEN), polyvetheretherketone (PEEK),
polvimide (PE, polyethernimide (PED), polyphenviene sulfide {PPS), polyvphenviene
oxide (PPO), poly paraphenvlene terephthalamide (for example, KEVLAR®),

polysulfone, nylon, nvion-12 {(such as GRILAMID® available from EMS Amencan

whn

Grilon), perfluoro{propyl vinyl ether) (PFA), ethylene vinyl alcohol, polyolefin,
polystyrene, epoxy, polvvinvlidene chlonde {(PVA(), poly(stvrene-b-isobutylene-6-
styrene) (for example, SIBS and/or SIBS A}, polycarbonates, ionomers,
biccompatible polvmers, other suitable materials, or mixtures, combinations,
copolymers thereof, polymer/metal composites, and the like. In some embodimends
10 the sheath can be blended with a liquid crystal polymer (LCP). For example, the
mixture can contam up to about 6 percent LCP.
In at least some embodiments, portions or all of the accessory devices and
their related components may be doped with, made of, or otherwise include a
radiopaque matenal. Radiopaqgue materials are understood to be matenals capable of
15 producing a relatively bright image on a fluoroscopy screen or another imaging
technmigoe during a medical procedure. This relaively bright image aids the user of
the accessory devices and their related components i deternuning its location. Some
examples of radiopague matenals can include, but are not hinited to, gold, platinum,
palladiom, tantalom, tungsten alloy, polymer material loaded with a radiopaque filler,
20 and the like. Additionally, other radiopague marker bands and/or coils may also be
meorporated into the design of the accessory devices and their related componernts to
achicve the same result.
The above detailed description inchudes references to the accompanying
drawings, which form a part of the detailed description. The drawings show, by way
25 of fllustration, specific embodiments in which the invention can be practiced. These
embodiments are alse referred to herein as “examples.” Such examples can include
clements 1 addition to those shown or described. However, the present inventors
also contemplate examples in which only those clements shown or described are
provided. Moreover, the present mventors also contemplate examples using any
30 combination or permutation of those elements shown or described {(or one or more
aspects thereof), cither with respect to a particular example {or one or more aspects
thereof}, or with respect to other examples (or one or more aspects thercof) shown or

described herein.
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In the event of inconsistent usages between this document and any documents
so wncorporated by reference, the usage in this docoment controls. In this document,
the terms “a” or “an” are used, as is common 1 patent documents, to include one or
more than one, independent of any other instances or usages of “at least one” or “one

BN ¥ ¢

ormore.” Moreover, in the following claims, the terms “first,

whn

second,” and “third,”
¢ic. are used merely as labels, and are not intended to impose namerical requirements
on their objects.
Method examples described herein can be maching or computer-implemented
at least in part. Some examples can include a computer-readable medium or machine-
10 readable medium cncoded with instructions operable to configure an clectronic device
to perform methods as described in the above examples. An implementation of such
methods can melude code, such as microcode, assembly language code, a higher-level
language code, or the like. Such code can include compuier readable mstructions for
performing vartous methods. The code may form portions of computer program
15 products. Further, in an example, the code can be tangibly stored on one or more
volatile, non-transitory, or non-volatile tangible computer-readable media, such as
during execution or at other times. Examples of these tangible computer-readable
media can include, but are not linuted to, hard disks, removable magnetic or optical
disks, magnetic cassettes, memory cards or sticks, random access memories (RAMs),
20 read only memories (ROMs), and the hike.
The above description is intended to be tllustrative, and not restrictive. For
example, the above-described examples {or one or more aspects thereof) may be used
m combination with each other. Other embodiments can be used, such as by one of

ordinary skill in the art upon reviewing the above description.

N
g

The Abstract is provided to comply with 37 CF.R. §1.72(b), to allow the
reader to quickly ascertain the nature of the technical disclosure. It is submitted with
the understanding that it will not be used to mterpret or limit the scope or meaning of
the claims.

Also, in the above Detailed Description, various features may be grouped

(]
<

together {o streamline the disclosure. This should not be interpreted as intending that
an unclaimed disclosed feature is essential to any claim. Rather, inventive subject
maticr may lie in less than all features of a particular disclosed embodiment. Thus,
the following claims are hereby incorporated into the Detailed Description as

examples or embodiments, with each claim standing on its own as a separate
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embodiment, and it 1s contemplated that such embodiments can be combined with
cach other in various combinations or permutations. The scope of the invention
should be determined with reference to the appended claims, along with the full scope

of equivalents to which such claims are entitled.
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What is claimed is:

I An implantable defibrillator comprising:

a canister housing a source of clectrical energy, a capacitor, and operational

circuitry that senses heart thythms; and

an glectrode and lead assembly, the electrode and lead assembly comprising:
a lead;
at Jeast one sensing electrode; and
at feast ong shocking electrode;

wherein the at least one shocking electrode extends over a length in the range

of 50 to 110 millimeters and a width in the range of 5 to 35 milhmeters.

2. The implantable defibrillator of claim 1, wherein the shocking

clectrode extends over a length in the range of 70 to 90 millimeters.

3. The implantable defibrillator of any one of claims 1-2, wherein the

shocking electrode has a width in the range of 15 to 25 millimeters.

4. The implantable defibrillator of any one of claims 1-3, wherein the at
least one shocking electrode comprises a solid surface electrode having a generally

fattened oval shape.

3. The implantable defibrillator of claim 4, wherein the solid sarface

clectrode comprises a solid unitary metallic structare.

b. The implantable defibrillator of claim 4, wherein the sohd surface

glectrode comprises a metallic shell disposed over a polymerie structore.

7. The implantable defibrillator of anv one of claims 1-3, wherein the
shocking electrode comprises an electrically conductive matenal at least partially

embedded in a silicone carrier.

8. The implantable defibrillator of claim 7, wherein the electrically

conductive material comprises one or more woven filaments.
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9. The implantable defibrillator of 7, wherein the electrically condactive

material comprises one or more braided filaments.

10.  The implantable defibrillator of claim 7, wherein the clectncally

conductive material comprises a laser cut pattern.

11, 'The implantable defibrillator of anv one of claims 7-10, wherein the

shocking electrods is configured to be collapsible.

12, The unplantable defibriflator of any one of claims 7-11, wherein the

shocking electrode has a generally rectangular peripheral shape.

13, 'The implantable defibrillator as in any one of claims 1-12 wherein the
lead 1s configured for subcutancous implantation and the canister houses operational

circurtry configured for use as a subcutancous-only defibnllator.

14.  The unplantable defibrillator of any one of claims 1-13, wherein onc of
the at least one sensing clectrode and the at least one shocking clectrode further

comprises a high capacitive coating.

I5. The implantable defibrillator of anv one of claims 1-14, further

comprising a permeable membrane positioned over the shocking electrode.
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