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(57) Abstract: Devices such as for stimulating excitable tis-
sue or sensing physiologic response or other signals that can
use separate fixation mechanism is described. An implant-
able apparatus can include a modular electrostimulation elec-
trode assembly that can include a first module and a second
module that can be end user-attachable to each other and end
user-detached from each other. The first module can include
an electrostimulation electrode fixation support member that
can be laid flat against or otherwise conform to a surface of a
heart, and can define a centrally located open portal such as
for permitting electrode access to the surface of the heart.
The second module can include an electrostimulation elec-
trode that can be inserted through the portal of the fixation
support member such as to contact the surface of the heart
such as to deliver chronic electrostimulation to the heart.
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IMPLANTABLE MEDICAL DEVICES WITH SEPARATE FIXATION
MECHANISM

CLAIM OF PRIORITY
{3001 This application claims the benefit of priority under 35 US.C. §

H9{e) of UK. Provisional Patent Application Serial Number 61/777,056, filed

on March 12, 2013, which is herein incorporated by reference in its entirety.

TECHNICAL FIELD
18002} This document relates generally to medical devices, and more
particularly, to devices and methods for stimulating excitable tissue or sensing

phiysiologic response.

BACKGROUND
{6063 Ambulatory medical devices, such as implantable pacernakers
and cardioverter-defibrillators, can chronically stimmiate excitable tissues or
organs, such as a heart, such as to treat abnormal cardiac rhythms such as
bradycardia or tachycardia, or to help improve cardiac performance such as by
correcting cardiac dyssynchrony in a patient with congestive heart failure (CHF).
Such ambulatory medical devices can have one or more electrodes that can be
positioned within the heart or on a surface of the heart for contacting the cardiac
tissue. The electrodes can be electrically coupled to an electronics unit such as a
pulse generator, such as via a lead, and can be used to deliver one or more

electrostimulations fo the heart, such as 1o restore the norroal heart function.

OVERVIEW
{18004 Cardiac stimulation using an implantable medical device can
involve one or more leads that can be transvascularly mserted into one of the
heart chambers, such as an atrium or a ventricle. Stimulation of the heart can be
accomplished through direct myocardium stimulation, such as from one or more
electrodes that can be affixed to the cardiac tissue, at specified stimulation
strength {c.g., stimulation energy) that can be sufficient to capture the heart,

resulting in an evoked electrical depolarization and mechanical contraction. The
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nminimum of armount of energy needed to rehiably and consistently cause the
capture can be referred to as a capture threshold. The capture threshold can be
affected by one or more factors such as the conductivity of the myocardium at
the stimuiation site, healing of the traumatized tissue, patient disease
progression, or medication. For example, electrode assembly fixation to the heart
tissue can cause tissue trauma at the fixation site. Because the electrode is
typically placed in close proximity to the clectrode assembly fixation site, the
capture threshold can become clevated {e.g., as a result of fibrous tissue growth)
such that the device ountput energy can be insufficient to capture the myocardium
and achieve desired therapeutic effect. An 1ucousisient capture threshold can also
preclude recetving effective stimulation therapy, or can increase the device
output energy needed, such as to compensate for the elevated capture threshold.
This can increase battery power consumption and can thereby reduce the device
longevity. Additionally, the lcad and electrodes may require replacement such as
due to lead fracture or malfunction. Removal of electrodes encapsulated by
fibrosis can mvolve trauma to a paticnt.

{3065} Some patients, such as children or persons with a compromised
venous system, can benefit from epicardial clectrostimulation, such as using one
or more electrodes {with or without a lead) that can be affixed on the heart
surface for stimulation. Epicardial stimulation of the heart can face the challenge
of uncertainty i proper lead and electrode placement. For example, epicardial
stimulation can be associated with a higher capture threshold than endocardial
stimulation, such as due to higher cuergy demand for capturing the royocardivm
from the heart’s outer surface. The present inventors have recognized that it can
be desirable to locate an opicardial site with a lower capture threshold such as to
conserve energy stored or used by the device. Also, there are tissues on the heart
surface that can be more prone to traurna or severance darnage, such as coronary
arteries or nerve tissucs. In some implantation procedures, these vulnerable
tissucs may be avoided when positioning or affixing the lead or clectrodes to the
eptcardial surface of the beart. Thus, the present inventors have recognized that
there remains a considerable need for better devices and methods, such as for
improving the reliability and consistency of chironic cardiac stivaulation and

reducing the trauma associated with electrode or fead removal.
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[0066] Various crnbodiracnts described herein can help improve
electrical cardiac stimulation or can reduce trauma such as can be associated
with stimulation electrode or lead replacement. For exaraple, an implantable
apparatus can comprise a modular electrostimulation electrode assembly. A first
maodule can include an electrostimulation electrode fixation support member,
which can be laid flat against or otherwise conform fo a surface of a heart of a
subject, and can be affixed to a desired site of the heart. The fixation support
roember can define a centrally located opeun portal, such as can perroit electrode
access to the surface of the heart therethrough. A second medule can include an
electrostimulation electrode that can be juserted through the centrally located
open portal of the fixation support member to contact the surface of the heart.
The sccond module can be coupled to an electrostimulation system via a wired
or wircless connection inclhading, for example, a leadwire, and deliver chronic
electrostinulation to the heart. The second module can include an untethered
medical device such as a self-contained electrostimulator device. The first and
second modules can have respective coupler features, such as can allow the two
modules to be end user-attached securely to each other and end user-detached
from cach other.

{6067} A voethod exarople can include attaching a first module, which
can include a fixation support member, to a temporary third module that can
include an electrostimulation electrode. When the first and third modules are
attached, the electrostimulation electrode can be located within a portal of the
fixation support member. The attached fivst and third modules can be positioned
at a position at the heart where the electrostimulation threshold can be tested. In
response to a detection of a desired value of the electrostimulation threshold, the
first module can be affixed at the corresponding position at the heart, and the
third module can then be detached from the first meodule. A second module can
then be affixed to the first module. The second module can mcludes ove or more
clectrostimulation electrode that can deliver chronic electrostimulation to the
heart at the posttion at the heart,

{0008] This Overview is an overview of some of the teachings of the
present application and not infended to be an exclusive or exbhaustive treatment
of the present subject matter. Further details about the present subject matter are
found in the detailed description and appended claims, Other aspects of the

~
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mnvention will be apparent to persons skilled in the art upon reading and
understanding the following detatled description and viewing the drawings that
form a part thereot, cach of which are not to be taken in a imiting sense. The
scope of the present invention is defined by the appended claims and their legal

equivalents.

BRIEF DESCRIPTION OF THE DRAWINGS
{3009} Various embodiments are illastrated by way of example in the
figures of the accompanying drawings. Such embodiments are demonstrative and
not intended to be exbaustive or exclusive embodiments of the present subject
matter.
{0018} FIG. | illustrates an example of an implantable apparatus

comprising a modular electrostimulation electrode assembly.

{6011} FIGS. 2A-C illustrate examples of a modular heart stiraulation
systent.
{6612} FIG 3 illustrates an example of a suture retention feature used

with an electrode fixation support member,

18813} FIGS. 4A-B illustrate examples of a modular heart stimulation
system,
{6014] FIGS. SA-C illustrate cxamples of a temporary module inchuding

a fixation tool.
{3315 FIG. 6 tilustrates an example of a modular endocardial
stimulation system and portions of an environmoent in which the endocardial
stimulation system can operate.
{0016} FIG. 7 illustrates an example of a method for stimulating a region
of a heart.

DETAILED DESCRIPTION
{6017} Disclosed heremn are apparatuses and methods for stimulating a
target site of a heart in a patient, such as to achieve desired a diagnostic or
therapeutic effect. The target site can include avn epicardial or endocardial site.
The stimulation apparatus can be modularized such that a module inchuding one
or more electrostimulation electrodes can be attachable to and detachable from

another module that can include a fixation support member. The apparatus and

PCT/US2014/024222
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the methods described herein can also be applicable to stiraulation or sensing of
other tissues or organs in the body.

{0018] FIG. 1 illustrates a schematic example of an implantable
apparatus 100 that can include a modular electrostimulation electrode assembly
161, The meodular electrostimuliation electrode assembly 101 can be configured
to be affixed to an endocardial or epicardial location or region of the heart such
as to provide chronic stimnulation to the heart. For example, the modular
clectrostimulation electrode assembly 101 can be chronically atfixed to a surface
of the heart, and can be configured to sense a biopotential from the heart or to
debiver an electrostimulation to the surface of the heart. At least a portion of the
meodular electrostimulation electrode assembly 101 can be configured to be
atfixed to a site of other tissuc or another organ such as to stimulate the tissue or
organ. Examples of such organs or tissues can inchade an interior or exterior of
an artery or vein, a nerve bundie, skin, a carotid body, a stomach or intesting, a
bladder, a kidney, soft tissue, gastric tissue, or neural tissue.

{6619} The modular clectrostirnulation clectrode assembly 101 can
include a first module, which can include an electrostimulation ¢lectrode fixation
support member 110, and a second module which can include an
electrostimulation electrode 120, The electrode fixation support voember 110 and
the electrostimulation electrode 120 can be configured to be engaged with each
other or disengaged frovo each other, such as by an end-user.

18526] The electrostimulation electrode fixation support member 110 can
be configured to be chronically placed at and in close contact with a target site of
the tissue or organ to be stimulated, such as the endocardial or epicardial heart
surface. The electrode fixation support member 110 can include a fixation
support member body 111, a tissue fixation member 112, and a first coupler
featurc 113, The fixation support meraber body 111 can be made out of onc or
materials that can include stainless steel, titanium alloy, a polymer, or one or
more other synthetic biocompatible materials. To encourage close contact
between the electrode fixation support member 110 and the target tissue, the
fixation support menmber body 111 can have at least one flat or conformal tissue-
contact surface. In an exaraple, the fixation sapport member body 111 can be
sized, shaped, or otherwise configured to lay flat against or otherwise conform to
a surtace of the heart, such as against 4 portion of the epicardium. In an example,

5
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the tissuc-contact surface of the clectrode fixation support member 110 can have
a concave, convex, ot other curved shape that can match, approximate, or
conform to the contour of the target site of stimulation. The clectrode fixation
support member 110, or a portion thereof, can have a disk-like shape. In an
example, the width of the electrode fixation support member 110 can be greater
than the height of the electrode fixation support member 110, As an exarople, the
tissuc-contacting surface can have a diameter of approximately 6-25 millimeters,
and a surface arca of approximately 30-500 square roillimeters.

{3021} In an example, the fixation support member bedy 111 can include
an open portal that can be sized, shaped, or otherwise configured to be capable
of permitting electrode access through the portal to the tissue surface of the
heart. The open portal can be configured to help enable the end user to visualize
the location where the tissue fixation member 112 or other parts of the clectrode
fixation support member 110 18 positioned to interface with the target tissuc. For
example, the fixation support member body 111 can include a viewable zone that
can allow or facilitate an end user (¢.g., a surgeon) to avoid placing or fixing the
clectrode fixation support member 118 at a location at which the tissue is more
prone to trauma or severance damage, such as at a location of an artery, a nerve,
or other scusitive tissue. This can potentially help elimuinate or reduce the
exposure of diagnostic radiation such as fluoroscopy. In an example, the open
portal can be located at or near the center of the {ixation support member body
111, For example, the fixation support member body 111 can include a ring
shape such that the center portion of the fixation support member body 111 can
provide an open portal that can provide an unobstructed view of the site of
fixation.

{88224 The tissue fixation member 112 can be located on the tissue-
contacting surface of the fixation support member body 111, The tissuc fixation
mermber 112 can be sized, shaped, or otherwise configured to allow the electrode
fixation support member 110 to be chronically and sccurely affixed to the target
tissue such as the heart surface. The tissue fixation wember 112 caniuclade a
passive fixation mechanism, an active fixation mechanism, a combination of one
Or MOre passive ot active fixation mechanisms, or biocompatible glue. Examples
of the passive fixation can include one or more tines, one or more fins, one or
rmore helices, or one or more other extension structures. Examples of the active
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fixation can include one or more screws, one or more hooks, one or more barbs,
one or more helices, or one or more other tissue-penetrating mechanisms. The
tissue fixation member 112 can be such oriented that the tissuc fixation member
112 need not block all or a portion of the viewable zong of the open portal.
184234 In an example, the tissue fixation member 112 can include a
suture retention feature. For example, the suture retention feature can be located
at one or more sites on the fixation support member body 111 or at a dedicated
or other suture area that can be attached to the fixation support member body
111, The suture retention feature can allow for or facilitate suturing the electrode
fixation support member 110 to the target tissue. For example, at least a portion
of the electrode fixation support member 110 can inchude a port, a receptacle, a
bridge, a loop, or 4 fabric that can be configured to permit suturing therethrough.
{8024 In an example, at least a portion of the electrode fixation support
mernber 110 can be textured or porous, such as on a scale that can be configured
to permit or facilitate tissue ingrowth. For example, the fibrotic tissue that can be
formed around the tissue fixation meraber 112 can at least help more firmly hold
the electrode fixation support member 110 against the target tissue. In an
example, the tissue fixation member 112 can inchude porous biomaterial or
porous synthesized material, which can be attached to or covered on at least a
portion of the fixation support member body 111 (such as at the tissue-
contacting surface), such as to allow or promote tissue imgrowth. Examples of
the porous material can include one or more oft titantum or stainless steel fiber
mesh, porous tantalum, or polyester or heavyweight polypropylene mesh, among
others.

{0025] The first coupler feature 113 can be configured to be coupled to
the electrostimulation electrode 120 such as via a second coupler feature 123 that
can be provided on or within the electro-stimulation clectrode 120, In an
exaraple, the fitst coupler feature 113 and the second coupler feature 123 can be
sized, shaped, or otherwise configured to be attached securely to cach other, such
as by an end user, such as to attach the first module of electrode fixation support
member 110 and the second module of electro-stimulation clectrode 120. The
first coupler feature 113 and the second coupler feature 123 can also be detached
from each other, such as by an end user, such as to detach the first module of the
clectrode fixation support member 110 and the second module of electro-

i
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stimulation electrode 120 from cach other. Exaraples of the first coupler featare
113 and the second coupler feature 123 can inchide a snap-fit coupling, a
threaded or other rotation or screw-in coupling, a slide-in engagement, or one or
more other locking mechanisms.

18026} The electrostimulation clectrode 120 can be sized, shaped, or
otherwise configured to be mserted through the portal on the fixation support
member body 111 such as to contact the target tissue, such as the heart surface.
fn an example, the electrostimulation electrode 120 can be a part of a stivoulation
delivery system. The electrostimulation clectrode 120 can include one more
individuaily addressable electrodes, which can be wndividuallyelectrically
connected to a stinmilator, such as via separate conductors that can be mutually
msulated from cach other and that can be encapsulated, such as in a lead or
catheter. The stimulator, such as an ambulatory medical device or an external
pacing systern analyzer {(PSA) circuit, can be separate from and external to the
meodular electrostimulation electrode assembly 101, In an example, the
clectrostimulation electrode 120 can include an untethered electrostimulator
device such as an implantable electrostimulator, which need not be tethered to
another device by a leadwire or other wired connection. Examples of the
untethered electrostimulator device are discussed below, such as with reference
to FIGS. 4A-B.

{8027} As illustrated 1n FIG. 1, the clectrostimulation clectrode 120 can
include a support structure 121, an electrode assembly 122, and a second coupler
feature 123, The support structure 121 can be shaped or sized or otherwise
configured to hold the electrode assembly 122 in place such that the electrode
assembly 122 can be positioned to the desired location on the target tissue. The
support structure 121 can have a comparable shape as the fixation support
mernber body 111, For exaraple, both the fixation support member body 111 and
the support structure 121 can have disk-hke shapes. When the clectrostimulation
clectrode 120 constitutes an untethered electrostimulator device, the support
structure 121can be configured to carry or house the electrostimulation
generation circuitry or one or more other clectrical components of the stimulator.
The support structure 121 can serve as the housing or “can” of the amwbulatory

medical device.
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{0028 The electrode assernbly 122 can be configured to contact the
target tissue and to deliver the electrostimulation thereto or therein. The
clectrode assembly 122 can include one or more individually addressable
clectrodes. In an example, the electrode assembly 122 can include an electrode
array that can include two or more clectrodes. The clectrode array can inchude
electrodes that can be spatially distributed, such as according to a specified shape
or orientation, such as in a lincar array, a planar array, or a three-dimensional
array. The electrode assernbly 122, which can be held and secured by the sapport
structure 121, can be sized, shaped, or otherwise configured to access the target
tissue through the open portal of the electrode fixation support roember 110
when the electrode fixation support member 110 and the electrostimulation
clectrode 120 are attached to cach other, such as through their respective coupler
features.

[0029] The sccond coupler feature 123 can be sized, shaped, or otherwise
configured to be physically coupled to the first coupler feature 113, such as for
causing the first module of electrode fixation support merber 110 and the
second module of electro-stimulation electrode 120 to securely attach to each
other. The second coupler feature 123 can also be de-coupled from the first
coupler feature 113, such as for causing the first module of the electrode fixation
support member 110 and the second module of the electro-stimulation clectrode
128 to detach from each other, In an example, a separate teraporary module can
be used, such as by an end user, to accomplish the attachment or detachment.
Examples of the teraporary module for attaching or detaching the
electrostimulation electrode 120 to or from the electrode fixation support
member 110 are described below, such as with reference to FIGS. SA-C.

18536} Under certain circumstances, the ¢lectrostimulation electrode 120
may be desired to be detached from the electrode fixation support member 110,
For example, a stimaulation catheter or lead incorporating the electrostimulation
clectrode 120 may be replaced or revised. For another exampie, the untethered
clectrostimulator device, which can be an embodiment of the clectrostimulation
electrode 120, can have a depleted or near-depleted battery or other power
source, thus prompting a device changeout or device upgrade. To facilitate the
detachment, at least some part of the clectrostimulation electrode 120, e.g., such
as inchuding the second coupler featare 123, can be covered on its surface or
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otherwise provided with a surface that can include a moaterial that can inhibit
tissue ingrowth. An example of such material can include an expanded
Polytetratiuorocthylenc (¢PTFE) coating, such as with pores that can be sized
{.g., <Sum} such as to atlow fluid to pass through, but not tissue and blood
cells. Other examples of the tissue ingrowth-inhibition material can include
electro-spun polyurethane or micro-textured material. The tissue ingrowth-
inhibition material can additionally or alternatively be coated on or otherwise
provided at a portion of the electrode fixation support meraber 110 such as at the
first coupler feature 113 or at the surface contacting the electrostimuiation
electrode 120,

{60631} FIGS. ZA-C illustrate examples of a modular heart stimulation
system 200, which can be an erubodirucnt of the implantable apparatas 100 that
can include the modular electrostimulation electrode assembly 101, FIG. 2A
illustrates a top view, FIG. 2B a bottom view, and FIG. 2C a side view of an
example of the heart stimutation system 200. In an example, the heart
stirnulation systern 200 can be used to provide temporary or chronic stimulation
such as bradycardia pacing, tachycardia pacing, cardioversion or defibrillation
shock, or cardiac resynchronization electrostimmiation, such as for treating
congestive heart tatlure.

{6432 The heart stimulation system 200 can include an electrode
fixation support member 210 and an electrostimulation clectrode merber 220.
The fixation support member 210 can be an embodiment of the electrode
fixation support member 110, and can include a ring-shaped body which can be
configured to lay flat against or otherwise conform to a surface of a heart or
other target region of a subject. The ring-shaped body can define a contrally
located open portal that can be sized, shaped, or otherwise configured for
permutting clectrode access to the surface of the heart thercthrough. The central
open portal can additionally or alteruatively provide a viewable zone that can
allow the end user to visualize, through the portal, the location where the fixation
sapport member 210 interfaces with the heart surface. Although the fixation
support member 210 can have a round shape, such as tllustrated in FIGS. 2A-C,
another symumetric or asymmetric shape can be used, such as av oval, an cllipse,

a square or other polygon, such as can allow the fixation support member 210 ©
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include an open portal, such as for permitting electrode access or an un-
obstructed view of the electrode positioning.

{0033} The tixation support racmber 210 can have a top surface 211 and
a bottom surface 213, The top surface 211 can include a first coupler feature
212, such as onc or a plurality of snap-fit couplers that can be located on the
circurnference of the ring-shaped fixation support voember 210, such as
ithustrated in FIGS. 2A-C. The first coupler feature 212 can be configured to be
physically coupled to a corresponding second coupler feature 223 on the electro-
stintulation electrode 220, such as for causing the fixation support member 210
and the electro-stirmulation electrode 220 to securely attach to cach other. The
first coupler feature 211 can also be de-coupled from the second coupler feature
223, such as for causing the fixation support member 210 and the clectro-
stimulation electrode 220 to detach from each other. One or more other coupling
featurcs, such as rotation or screw-in couphing, slide-in engageraent, or locking-
in coupling can additionally or alternatively be used.

{0034 The bottom surface 213 can include an cutward extending active
fixation member 214, The active fixation member 214 can be sized, shaped, or
otherwise configured to be oriented toward and to engage the surface of the
heart. Ag tustrated in FIGS. 2A-C, the active fixation member 214 can include
a pair of rotationally-oriented barbs 215 that can be sized, shaped, or otherwise
configured to cogage the heart, such as when the fixation support merber is
rotated with respect to the heart. Although two barbs are shown, various number,
orientation, shape, or configurations of the barbs are conternplated, such as can
be used for fixation. In an example, the one or more active fixation members can
additionally or alternatively include one or more of the screw, hook, helix, or
other tissue~-penetrating mechanisms. In an example, one or more passive
fixation members such as one or more tines, one or more fins, one or more
helices, or one or more other extension structures can be used either as an
alternative to or in conjunction with one or more of the active fixation members.
The active fixation member 214 can be located on the bottom surface 213 and
oriented in a comparable curvature as the ring-shaped fixation support member
214, such that the active fixation member 214 need not block all or a portion of

the viewable zone of the central open portal.
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{0035] At least a portion of the fixation support member 210 (c.g.,
including the bottom surface 213 or the active fixation member 214) can be
textured or porous, or ¢an be attached to or coated with a porous biomaterial or a
porous synthesized material such as to promote tissue ingrowth. The fixation
support member can include a suture retention feature, Examples of the suture
retention feature on the fixation support meraber 210 are discussed below, such
as with reference to FIG. 3.

18836] The clectrostimulation electrode member 220, which is an
embodiment of the electrostimulation electrode 120, can include a ring-shaped or
disk-shaped body 221, such as can be sized, shaped, or otherwise configured to
be comparable to the shape of the fixation support member 216, The
circumference of the electrostimulation clectrode meraber 220 can include a
second coupler feature 223. The number, shape, size, or configuration of the one
or more sccond coupler features 223 can be compatible with the one or more
first coupler features 212, such that the fixation support member 210 and the
clectrostiraulation electrode racmber 220 can be tightly and securely attached to
cach other. In an example, the second couple feature 223 can be located on the
circumference of the clectrostimulation electrode member 220, In an example,
the first coupler feature 212 extends to less than half of the height of the
clectrostirmulation electrode member 220 when the fixation support member 210
and the clectrostimulation clectrode member 220 are attached to cach other.
188371 The electrostimulation electrode member 220 can include at least
a first electrode 225 and a sccond electrode 224, When the electrostimulation
electrode member 220 s coupled to the electrode fixation support member 216,
the first clectrode 225 can be located toward the center of the open portal of the
clectrode fixation support member 210, while the second electrode 224 can be
ipcated ruore laterally from the center of the portal of the electrode fixation
support member 210 than the first electrode 223, In an example, such as
ithustrated in F1G. 2B, the second electrode 224 can include a ring-like electrode
that can extend circurnferentially about the first electrode 225 and that can be
spaced apart from the first clectrode 225, The clectrodes 224 and 225 can be
respectively electrically connected to a stivoulator (such as an ambulatory
medical device or a PSA circuit) such as via separate conductors that can be
rautually insulated and encapsulated i a lead or catheter 227, The clectrodes 224
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and 225 can be configured to access the target stiraulation site on the heart
surface as viewable through the central open portal on the electrode fixation
support member 210, In an example, such as ilhustrated in FIG. 2C, one or both
of the electrodes 224 and 225 can extend from the bottom surface of the
electrostimulation clectrode member 220 for a depth longer than the height of
the electrode fixation support meraber 210 affixed to the heart surface, such that
the clectrodes 224 and 225 can closely contact the heart for stimulation. The lead
or catheter 227 can be coupled to the ring-shaped or disk-shaped body 221such
as from a site on the circumference of the electrostimmulation electrode member
220,

{6438 The stimulator, such as an ambulatory medical device ora PSA
circuit, when connected to the clectrode assembly carrying at least one of
clectrodes 224 or 225, can be configured to deliver a unipolar stimulation or a
bipolar stimulation. The unipolar stimulation can be provided, such as using one
of the first electrode 225 or the second electrode 224, together with a return
clectrode such as an clectrode that can be located on a “can” of an ambulatory
medical device. The bi-polar stimulation can be provided, such as where the first
electrode 225 can be configured to be a cathode and the second clectrode 224
can be configured to be an anode. The ring-like second electrode 224 can be
segmented into a plurality of electrodes, such as a plurality of individually
addressable electrodes. The first electrode 225 and the plurality of electrodes 224
can form an electrode array, and such as to permit one or multiple stirmudation
vectors to be configured, such as using pair-wise or other selectious of clectrodes
selected from the electrode array.

{8039 FIG. 3 illustrates an example of a suture retention feature 310 that
can be included in or attached to the electrode fixation support member 210, The
suture retention feature 310 can extend circumforentially about at least a portion
of the electrode fixation support member 210, In an example, ounly a portion of
the fixation support member 210 can include a suturcable material allowing
suturing therethrough such as by passing a needle and suture thread through a
penetrable portion of the suture retention feature 310, The suture retention
feature 310 can include or consist of a biocoropatible material such as a fabric, a
polymer, or another biological or synthetic biocompatible material. The suture
retention feature can include features including 4 hole (such as on at least one of
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the biocompatible material or the clectrode fixation support member 210), or a
bridge (such as on the electrode fixation support member 210} through which a
needle and thread can be passed. The suture retention feature 310 can be coated
with, or otherwise include or consist of, material that can be selected for
promoting tissue ingrowth, such as porous biological material or porous
synthesized material,

[6048] FIGS. 4A-B illustrate cxamples of a modular heart stimulation
system 400, which can be an erabodiment of the implantable apparatas 100 that
can include the modular electrostimulation clectrode assembly 101, The heart
stimulation system 400 can include av electrode fixation support mernber 210
and an untethered electrostimulator device 420 {e.g., a leadless pacemaker}. The
fixation support member 210, such as described previously in FIGS. 2A-C, can
include a ring-shaped body, which can be configured to lay flat against or
otherwise conform to the heart surface. The fixation support meraber 210 can be
positioned on the heart surface and can be secured, such as using the
rotationally-oricnted barbs when the fixation support member 210 1s rotated
concentrically on a target site of the heart. The fixation support member 210 can
also include the suture retention feature 310, such as for permitting the end user
to suture therethrough, such as to hold the fixation support member 210 against
the heart surface.

{0041} The untethered electrostimulator device 420 can be configured to
locally generate and locally deliver electrostimulation to the heart or other target
stie such as to achieve one or wore therapeutic effects, such as chronic
bradycardia pacing, tachycardia pacing, cardioversion or defibriliation shock, or
cardiac resynchronized pacing such as for treating congestive heart failure. The
untethered electrostimulator device 420 can include circuitry, instructions {2.g.,
software or firmaware), and a battery or other power source or storage device, or
one or more other electrical coraponents or functional modules. The circuitry in
the untethered electrostimulator device 420 can be configured to sense and
avalyze one or more biopotential signals, such as from the heart surface, such as
one or more intrinsic electrical signals obtained from the heart using the
electrodes, such as before or 1n response to the electrostimulation to the heart.
The housing of the untethered electrostimulator device 420 can be made of one
or more biocornpatible materials, such as fitanium or other material,
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[0042] The untethered clectrostiraulator device 420 can have a coupler
feature 423 which can be sized, shaped, or otherwise configured to be coupled to
the first coupler feature 212 on the fixation support member 210, The coupler
feature 423 and the first coupler feature 212 can respectively be sized, shaped, or
otherwise configured to be attached securely to cach other, such as by an end
pser, such as to attach the untethered clectrostimulator device 420 to the fixation
support member 210. The coupler feature 423 and the first coupler feature 212
can also be detached from cach other, such as by an end aser, such as to detach
the untethered electrostimulator device 420 and the fixation support member 210
from each other. Examples of the coupler feature 423 can include one or more of
a snap-fit coupling, a rotation or a screwing-in coupling, a slide-in engagement,
or ong or ruore other locking mechanisms.

180434 The untethered electrostimulator device 420 can include at least a
first electrode 425 and a second electrode 424, As dlustrated in FIG. 4B, the first
electrode 425 can be configured to be located toward the center of the untethered
clectrostimulator device 420, and thereby located in the center of the open portal
of the electrode fixation support member 210 when the untethered
electrostinulator device 420 is attached to the clectrode fixation support member
210. The second electrode 424 can be located at a position lateral from the center
of the untethered clectrostimmlator device 420 than the first electrode 425, The
second electrode 424 can include a ting-like electrode that can exiend
circumferentially about the first electrode 425 and that can be spaced apart from
the first electrode 428,

{0344} The untethered electrostimulator device 428 can be configured to
deliver a unipolar stinulation such as using one of the first electrode 425 or the
second electrode 424, and using a return electrode such as a housing or “can” of
the uotethered electrostimulator deviee 420. A bi-polar stimmulation can be
provided, such as where the first electrode 425 can be configured to be a cathode
and the second electrode 424 can be configured to be an anode. A ring-like
second electrode 424 can be segmented to a plurality of electrodes, such as
individually addressable clectrodes. The first electrode 425 and the phurality of
electrodes 424 can form an electrode array, and one or maultiple stimulation
vectors can be provided, such as by using pair-wise or other selections of
clectrodes selected from the electrode array.

]
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{0045] FIGS. SA-C illustrate examples of a termporary module that can
include a fixation tool 500. The fixation tool 500, ¢.g., when used with the
rnodular heart stimulation system 200 or the modular heart stimulation system
400, can be configured to be used, such as by an end user, to locate a desired
location on the heart surface for stimulation, and to affix the fixation support
member 210 at the target stte of the heart surface. The fixation tool 300 can
include a delivery member 501, an engagement member 502, and a cable 503.
{046] The delivery member S01can have at least a partially elongated
body, such as tllustrated in FIG. 5A. The delivery member 501 can be shaped,
sized, or otherwise configured for approaching the heart surface such as through
a sub-xiphotd approach. The delivery member 501, on its distal end (i.¢., the end
to be oriented toward the heart), can be coupled to the engagernent member 502;
and on its proximal end 5304 (i.e., the end to be oriented away from the heart},
can be configured to be connected to a temporary stimulation system. The
elongated body of the delivery member 501can internally house or externally
carry the cable 504 that can be configured to conduct clectrostiraulation toward
the heart surface and to conduct the electrical signals sensed from the heart
surface.

{6047} The engagerment member 502 can be coupled to the distal end of
the delivery member 501. The engagement member 502 can be an unitary part of
the delivery member 501, or can be a portion of the delivery roember S01. As
ihustrated in FIG. 5B, the engagement member 502 can have an open surface on
its distal end, which can be shaped, sized, or otherwise configured to contact the
heart surface. The engagement member 502 can inelude a first electrode 525 that
can be configured to be located toward the center of the engagement meraber
502, and a second clectrode 524 that can be configured to be located more
laterally from the center of the engagement member 502 than the first clectrode
525, The second clectrode 324 can inchude a ving-like electrode that can extend
circumferentially about the first clectrode 425 and that can be spaced apart from
the first clectrode 423, Additionally or alternatively, sach as illustrated in FIG.
5B, the second electrode 524 can include a plurality of clectrodes that can be
circurnferentially located around the first electrode 525. The engagerment
member 502 can include an electrode array with a specified number, orientation,
or spatial distribution of the clectrodes, such as a lincar array, a planar array, or g
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three-dimensional array. The electrostimulation clectrodes 524 and 525 can
individually be electrically connected to a stimulator such as via separate
conductors that can be mutually insulated and that can be encapsulated in a cable
503, The stimulator, such as an external pacing system analyzer (PSA) circuit,
can be coupled to the delivery member 501, such as at the proximal end 504,
(048] The engageraent member can have a third coupler feature 523,
which can be sized, shaped, or otherwise configured to be coupled to the first
coupler feature 212 on the fixation support meraber 210, Tn an example, such as
ilhustrated in FIG. 5C, the third coupler feature 523 and the first coupler feature
212 can individually be sized, shaped, or otherwise configured to be attached
securely to each other such as by an end user, such as to attach the engagement
raember 502 and the fixation support raember 210 to each other. The third
coupler feature 523 and the first coupler feature 212 can also be configured to be
detached from cach other, such as by an end uscr, such as to detach the
engagement member 502 and the fixation support member 210 from each other.
Examples of the third coupler feature 523 can include one or more of & snap-fit
coupling, a rotation or screw-in coupling, a shide-in engagement, or one or more
other coupling, engagement, or locking mechanisms.

(049} Wheun the engagement meraber 502 18 attached to the electrode
fixation support member 210, the clectrostimulation electrodes 524 and 525 can
be inserted through the open portal of the fixation support raember 210, such as
to contact the surface of the heart. Without affixing the fixation support member
210 to the heart surface, the fixation tool 500 can be configured to be used, such
as by an end user, {¢.g., by holding the elongated delivery member 501) to probe
around different locations of the heart surface such as to locate a desired region
for anchoring the fixation support member 218, The electrostimulation
electrodes 524 and 525 can be configured to deliver the electrostimulation to the
heart tissue or to sense one or wore biopotential signals from the heart surface.
For example, the electrostimulation electrodes 524 and 525 can be configured to
sense the heart signals in response to the electrostimulation, and a PSA circuit
electrically connected to the fixation tool 500 can be used to analyze the
electrical signals such as to determine an electrostiroulation threshold value of
the clectrostimulation electrode at a particular location on the heart. By probing
around different locations of the heart tissue, electrostimulation threshold values
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at various sites on the heart can be determined. When a desired
electrostimulation thresheld value is obtained, a desirable fixation site can be
declared as having been detected. The desirable fixation site can be determined
using other electrical, mechantical, or physiological information either as an
alternative or in addition to the electrostimulation threshold value. Exampies of
other information can nclude ultrasound or other imaging, one or more
phiysiologic signals obtained in response to the clectrostimulation delivered
through the electrodes 524 and 525, such as can be seused by one or more
physiological sensors within or external to the fixation tool 500.

[60546] Upon detecting the desirable fixation site, the fixation tool 500
can be used to affix the electrode fixation support member 218 at the posttion
corresponding to the desired threshold value. Depending on the fixation
mechanism on the electrode fixation support member 210, an appropriate
mancuver can be used by the end user to achieve the desired fixation. For
example, to engage an outward extending active fixation member 214 into the
heart surtace, the fixation tool 500 can be twisted in the same rotating
penetrating direction as the rotationally-oriented barbs 213, Once the electrode
fixation support member 210 is securely affixed to the desired location of the
heart, the third coupler feature 523 can be detached from the fivst coupler feature
212, such as by an end user, thereby releasing the engagement member 502 from
the fixation support meraber 210

{8051} The fixation tool 500 can be configured to be used, such as by an
end user, such as to attach or detach the clectrostimulation clectrode member 220
or the untethered electrostimulator device 420 to or from the fixation support
member 210, The attachment or detachment can be accoraplished by using a
tool, such as a dedicated electrostimulation electrode placement tool. The
dedicated clectrostimulation clectrode placement tool can have a size, shape, or
other configuration such as can be comparable to the fixation tool 500. Because
no probing functionality is needed when attaching the electrostimulation
clectrode meraber 220 and the fixation support merber 210, the dedicated
electrostinmulation clectrode placement tool can omit the clectrostimulation
electrodes such as 524 and 525 on the fixation tool 500, The dedicated
clectrostirmulation electrode placement tool can inchude a coupler feature or other
securing feature such as to securely attach to the clectrostimulation clectrode
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member 220 or to the untethered clectrostimulator device 420, or transport and
attach the electrostimulation electrode member 220 or the untethered
clectrostiraulator device 420 to the fixation support member 210, The dedicated
clectrostimulation electrode placement tool can also be configured to allow it to
be used to cause or facilitate the detachment between the clectrostimulation
electrode member 228 or the untethered electrostimulator device 420 and the
fixation support member 210 from cach other.

{80521 FIG. 6 illustrates an example of a modalar endocardial
stinulation system 600 and portions of an environment in which the endocardial
stimulation system 600 can operate. The endocardial stimulation system 600 can
be configured to stimnlate the heart such as to achieve a desired diagnostic or
therapeutic effect such as chrounic bradycardia pacing, tachycardia pacing,
cardioversion or defibriflation shock, or cardiac resynchronized pacing such as
for treating congestive heart failure. The endocardial stimulation system 600 can
include a fixation base 610, an insertion tool 620, and pacing seed 630.

{0083] The fixation basc 610 and the pacing sced 630 can be a part of a
modular stimulation system such as can be comparable to the modular heart
stimulation system 200 such as discussed in FIGS. 2A-C, or a modular heart
stimulation system 400 such as discussed in FIGS. 4A-B. For example, the
fixation base 610 can have a size, shape, or configuration that can be comparable
to the electrode fixation support mewber 210, The ring-shaped fixation base 610
can be affixed to a desired location inside a heart chamber (¢.g., at an apical or
other region in the vight ventricle, such as illustrated in FIG. 6) or in a blood
vessel inside or on the heart {e.g., a pulmonary artery or a coronary vein). The
fixation base 610 can include at least one of an active fixation feature, a passive
fixation feature, a suture retention feature, a porous or textured finish, ora
porous or textured material covered on at least a portion of the fixation base 610
such as caun be configured to promete tissue fngrowth,

{054} The insertion tool 620 can be configured to be used, such as by an
cud user, such as to affix the fixation base 610 to the target endocardial stie, and
to attach or detach the pacing sced 630 to or from the fixation base 610. The
fixation base 610 can have a size, shape, or configuration that can be comparable
to the fixation tool 500 or to the dedicated electrostimulation electrode
placement tool, such as discussed with respect to FIGS. 5A-C. The insertion tool
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620 and the fixation base 610 can be attached to or detached from each other,
such as through respective one or more coupler features.

{B055] The pacing seed 630 can melude one or more electrostimulation
clectrodes that can be configured for endocardial electrostimulation. The pacing
sced 630 can have a configuration that can be comparable to the
electrostimulation electrode mermber 220, Inan exarople, such as illustrated in
FIG. 6, the pacing sced 630 can have a configuration that can be comparable to
the uniethered electrostivaulator device 420. The pacing seed 630 and the
insertion tool 620 can be attached fo or detached from cach other such as using
respective one or more coupler features.

{056} The fixation base 610 and the pacing seed 630 can both be
attached to the msertion tool 620 before the nsertion tool 620 18 inserted into the
heart. The fixation base 610 can be attached on or along the insertion tool 620
such as at a position distal to the pacing sced (such as the distal end of the
insertion tool 620). Like the fixation tool 500, the insertion tool 620 can include
clectrostimulation electrodes that can be configured to deliver the electrical
stimulation and sense the evoked heart signal response such as to determine the
electrostinmulation threshold. Once a desired stimulation site has been found,
such as after probing around the endocardial region, the insertion tool 620 can be
rancuvered by an end user such as to position and affix the fixation base 610 to
the desired stimulation site. The pacing seed 630 and the 1usertion tool 620 can
then be detached from ecach other, and the pacing seed 630 can be attached to the
fixation base 610.

{6057] In an example, the pacing sced 630 and the fixation base 610 can
be attached to cach other before inserting the insertion tool into the heart. After
finding the desired stimmlation site, the fixation base 610 can be aftixed to the

heart tissuc, and the fixation base 610 and the pacing sced 630 can then be

jointly detached from the 1nsertion tool 620. I the pacing seed 630 needs to be

extracted {e.g., such as for replacement of the pacing sced 630}, the insertion tool
620, or a tool comparable to the dedicated electrostimulation electrode
placement tool, such as discussed in FIGS, 5A-C, can be used to engage the
proximal end {e.g., not contacting the fixation base 610) of the pacing seed 630

such as using the respective coupler features. The insertion tool 620 can then
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disengage and remove the pacing sced 630 from the fixation base 610, such as
leaving the fixation base 610 unaltered in place.

{0058] FIG. 7 illustrates an example of a method for stimulating a region
of a heart, such as using one or more of the modular heart stimulation system
200, the modular heart stimulation system 400, or the modular endocardial
stimulation system 600,

[6059] At 701, a first module that can include a fixation support member,
such as the clectrode fixation support member 210, can be attached to a
ternporary electrostinmilation probe. The fixation support member and the
teroporary electrostumulation probe each can have one or more coupler features
that can be sized, shaped, or otherwise configured to snap-fit together, rotated
and fit together, slide in, or through one or more other coupling raechanisms.
The electrostimulation probe, such as the fixation tool 500 or the inserting tool
620, can have one or more electrodes such as located at the distal end of the
electrostimmulation probe. The electrodes can be individually addressed and
connected to a stimulation system such as an external pacing system analyzer
(PSA) circuit that can generate and transmit the electrostimulation toward the
electrodes such as using a cable, a catheter, or a lead.

{6064 At 702, the teroporary electrostimulation probe can be advance

to a target stimulation site such as an epicardial region or an endocardial region,
and can be used to position the attached electrostimulation probe at the target
stimulation site. At 703, the electrodes on the temporary electrostimulation probe
can be used to transmit electrostimulation pulses from an adjunct stimulator,
such as the PSA, to the heart tissue and to sense the resulting biopotential signals
from the heart tissue, such as for determining a capture threshold. The
clectrostimulation pulses can be specified by programming the PSA with oune or
more stimulation parameters, such as the stimulation pulse amplitude, pulse
width, pulse frequency, duty cycle, or pulse waveform, or others, The PSA can
analyze the sensed biopotential signal such as to determine the stimmlation
threshold at the target stimulation site.

18061 At 704, the tested electrostimulation threshold at the targe
stimulation site can then be compared to at least one specified criterion. In an
example, the tested electrostimulation threshold can be compared to a threshold
valuc or to a range of desired stimulation thresholds. If the specified criterion is
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not ract, then at 705 the temporary clectrostimulation probe can be moved by the
end user to a different target stimulation site, such as near the previous
stimulation site on the heart surface. At 703, the stimulation threshold can then
be tested for the newly positioned site. The desired stimulation stte can be
determined using information other than, or in addition to, the stimulation
threshold determined at 703, For example, a physiclogic sensor can be used to
sensc a physiclogic signal, such as in response to the electrostimulation
delivered through the electrodes ou the temporary electrostiroulation probe.
Then, at 704, the desired stimulation site can be determined such as by
comparing the sensed physiologic signal to at least one specified criterion.
Examples of the one or more physislogic signals that can be used for detecting
the desired stimulation response can include one or more of electrocardiograph,
electrogram, impedance sensed at a heart region, heart sounds, pressures,
contractility, myocardial stress, or the relative tirning between two or more
sensor signals such as the (3 wave to 81 or 82 heart sound interval.

{0062} At 704, if the specified at least one criterion 18 met, the desired
stimulation site can be deemed to have been detected. At 706, the temporary
electrostimulation probe can be maneuvered to affix the fixation support member
to the desired stimulation stie such as by using at Jeast one of the fixation
mechanisms that can be included in the fixation support member, such as an
active fixation feature, a passive fixation feature, a suture retention feature {e.g.,
for suturing the fixation support member at the desired stimulation site), or a
porous finish or porous coating that can be provided on at least a portion of the
fixation base 610, such as to promote tissue ingrowth. In an example, using an
active fixation device can include rotating the fixation support member such as
to engage a rotationally-oriented barb with the heart tissue.

{0063} At 707, once the fixation support raember 18 securely and
chronically affixed to the desived stumulation site, the temporary
clectrostimulation probe can be released. A chronic clectrostimulation electrode
can then be attached to the temporary electrostivaulation probe. The chronic
electrostimulation clectrode can have a coupler feature that can enable the end
user to attach the chronic electrostimulation electrode to the teraporary
clectrostimulation probe. At 708, the ternporary electrostimulation probe can
then be used to position the attached chronie clectrostimulation electrode to the
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location where the fixation support mermber is affixed, and to attach the chronic
electrostimulation electrode to the fixation support member. Examples of using
the attachraent roechanism can include snap-fitting the chronic
clectrostimulation electrode to the fixation support member, or rotationally
stidably engaging the chronic electrostimulation electrode to the fixation support
member. The temporary electrostimulation probe can theo be released,

[0064) The chronic electrostimulation electrode can be attached to the
temporary electrostiroulation probe when the fixation support member 18
attached to the temporary electrostimulation probe at 701. The fixation support
member can be attached on or along the temporary clectrostimulation probe such
as at a position that can be distal to the chronic electrostimulation electrode. At
706, once the fixation support meraber 1s atfixed to the desired stimulation site,
the fixation support member and the attached chronie electrostimulation
electrode can both be released from the clectrostirnulation probe. The fixation
support member and the chronic electrostimulation electrode can remain
securely attached to cach other at the desired stimulation site.

{B065] At 709, the chronic electrostimulation electrode can deliver
chronic stimulation to the target stimulation site. The chronic clectrostimulation
electrode, such as the electrostimulation electrode member 220, can include or
can be coupled to an ambulatory medical device that can generate the chronic
stimulation. The chronic electrostimulation electrode can be a part of an
untethered electrostimulator device 420 that can locally generate and locally
debiver the chronie stimulation.

{(6066] The method 700 can include optional steps, such as in performing
the heart stirnulation when the chronic electrostimulation clectrode 15 desired to
be explanted or removed. These additional steps can be performed together with
or separately from the macthod 700,

{63671 Conditions for chronic electrostimulation electrode removal may
include, for example, chronic clectrostimulation electrode malfunction, fracture
or upgrade of a lead or cable counecting the chronic electrostimulation electrode
to a separately located ambulatory medical device, battery or other power source
depletion of the untethered electrostimulator device attached to the fixation
support member, or device changeout or device upgrade. At 709, if no explant or
revision is needed, then the clectrostimulation can remain. At 710, if one or more
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of these conditions are met, then at 711 the chronic electrostimulation electrode
can be detached from the fixation support member, such as by using the
temporary electrostimmulation probe. At 712, a different chrounic
clectrostimulation electrode can be attached to the temporary electrostimulation
probe. Following a similar method as in 70¥, the different chronic
electrostimulation electrode can be attached to the fixation support mernber such
as to provide desired electrostimulation.

{0068} The above detailed description includes references to the
accompanying drawings, which form a part of the detailed description. The
drawings show, by way of tllustration, specific embodiments 1u which the
invention can be practiced. These embodiments are also referred to herein as
“cxamples.” Such cxamples can include clements in 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
inventors also contemplate examples using any combination or permutation of
those clernents shown or described (o1 one or more aspects thereof), either with
respect to a particular example (or one or more aspects thereof}, or with respect
to other examples (or one or more aspects thereof) shown or described herein.
{60369} In the event of inconsistent usages between this docoment and
any documents so incorporated by reference, the usage in this document
controls.

{80761 In this document, the terms “a” or “an” are used, as is common in
patent documents, to include one or more than one, independent of any other
instances or usages of “‘at least one” or “one or more.” In this document, the
term “or” 18 used to refer to a nonexclusive or, such that “A or B” includes “A
but not B,” “B but not A,” and “A and B,” unless otherwise indicated. In this
document, the terros “including” and “in which” arc used as the plain-English
equivalents of the respective terms “comprising” and “wherein.” Also, in the
following claims, the terms “including” and “‘comprising” are open-ended, that
is, a systern, device, article, composition, formulation, or process that includes
elements in addition to those listed after such a term in a claim are still deemed
to fall within the scope of that claimn. Moreover, in the following claims, the
terms “first,” “second,” and “third,” etc. are used merely as labels, and are not
mtended to impose numerical requirements on their objects.
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{6071} Method examples described herein can be machine or computer-
implemented at least in part. Some examples can include a computer-readable
medinm or machine-readable medium encoded with instructions operable o
configure an electronie device to perform methods as described in the above
examples. An implementation of such methods can include code, such as
microcode, assembly langoage code, a higher-level language code, or the like.
Such code can include computer readable instructions for performing various
roethods. The code may form portions of corputer program products. Further,
in an ¢xample, the code can be tangibly stored on one or more volatile, non-
transitory, or non-volatile tangible computer-readable raedia, such as daring
execution or at other times. Examples of these tangible computer-readable
redia can include, but are not limited to, hard disks, removable magnetic disks,
removable optical disks {e.g., compact disks and digital video disks), magnetic
casscties, mernory cards or sticks, random access memories (RAMs), read only
memories (ROMs), and the like.

[8672] The above description 1s intended to be illustrative, and not
restrictive. For example, the above-described examples (or one or more aspects
thercof) may be used in combination with each other. Other embodiments can
be used, such as by one of ordinary skill in the art upon reviewing the above
description. The Abstract is provided to comply with 37 CF.R. §1.72{(b), to
allow the reader to quickly ascertain the nature of the techrucal disclosure. Itis
submitted with the understanding that it will not be used to interpret or limit the
scope or macaning of the claims. Also, in the above Detailled Description, various
features may be grouped together to streamline the disclosure. This should not
be interpreted as intending that an unclaimed disclosed foature 18 esseuntial to any
claim. Rather, inventive subject matter may lie in less than all features of a
particular disclosed embodiment. Thus, the following claims are hereby
incorporated into the Detailed Description as exaraples or erobodiaents, with
cach claim standing on its own as a separate embodiment, and it 18 contemplated
that such embodiments can be combined with each other 1u 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 entitied.

[\»]
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What is claimed 18
I. Aun implantable apparatus comprising:
a rodular electrostimulation clectrode asserably including:

a first module, including an electrostimulation electrode fixation
support member that is sized, shaped, or otherwise configured to lay flat
or otherwise conform against a surface of a heart of a subject, the fixation
support member defining a centraily located open portal that is sized,
shaped, or otherwise configured for permitting electrode access to the
surface of the heart therethrough, wherein the first module includes a first
coupler feature;

a second module, including an electrostimulation electrode that is
sized, shaped, or otherwise configured to contact the surface of the heart
through the centrally located open portal of the fixation support member,
wherein the second module includes a second coupler feature; and

wherein the first and second coupler features are sized, shaped, or
otherwise configured to be cnd user-atiached securely to each other and
end user-detached from cach other to respectively attach the first and
second modules to cach other and detach the first and second modules

from each other.

2. The apparatus of claim 1, wherein the second module includes a housing
that includes at least one of an electrostimntiation generation circuit or a cardiac

signal sensing circuit.

3. The apparatus of any one of claims 1 or 2, wherein the fixation support

member includes a ring that is sized, shaped, or otherwise configured to lay flat
or otherwise conform against a surface of a heart of a subject, the ring defining

the centrally located open portal that is sized, shaped, or otherwise configure

for permitting electrode access to the surface of the heart therethrough.

4. The apparatus of any one of claims | through 3, wherein the fixation
support member inchudes an outward extending active fixation mevaber that is
sized, shaped, or otherwise configured to be oriented toward and to engage the
surface of the heart.
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5. The apparatus of claim 4, wherein the active fixation member inchudes a
pair of rotationally-oriented barbs that are sized, shaped, or otherwise configured
to engage the heart when the fixation support merber 1s rotated with respect to

the heart.

6. The apparatus of any one of claims 1 through 3, wherein the fixation

support member includes a suture retention feature.

7. The apparatus of any one of claims 1 through 5, wherein the first and
second coupler features are sized, shaped, or otherwise configured to snap-~fit

together.

v

The apparatus of any one of claims 1 through 5, wherein the first and
second coupler features are sized, shaped, or otherwise configured to rotate or

otherwise slide into engagement with each other.

8. The apparatus of any one of claims 1 through 8, wherein at least a portion
of the fixation support member is textured or porous on a scale configured to

permit tissue fngrowth,

18, The apparatus of any one of claims 1 through 9, wherem at least a portion
of the fixation support member includes a fabric configured to permit at least one

of suturing therethrough or tissue mgrowth therein.

11, The apparatus of any one of claims 1 through 10, cormaprising a cable,
configured to be connected to the second module and configured to be connected

to a separate implantable apparatus.

12, The apparatus of any onc of claims 1 through 11, comprising a temporary
third module, mcluding:

an electrostimulation electrode that is sized, shaped, or otherwise
configured to be wserted through the portal of the fixation support member to

contact the surface of the heart;
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a third coupler feature that is sized, shaped, or otherwise configured to
permit the third module to be temporarily end user-attached to the first module
and end user-detached from the first module;

a cable extending outward from at least a portion of the third module, the
cable sized, shaped, or otherwise configured to be capable of being connected to
an external pacing system analyzer (PSA) circuit to deterroine an
clectrostimulation threshold value of the electrostimulation clectrode at a
particular location on the heart; and

an at least partially clongated delivery member, sized, shaped, or
otherwise configured to allow the third module to be teraporarily end user-
attached to the first module and end user-detached from the first module such
that the clectrostimulation clectrode of the third module 18 capable of being
inserted through the portal of the fixation support member to contact the surface
of the heart, and to allow the fixation support raember to be secured to a surface

of the heart at a desired location.

13, The apparatus of any one of claims 1 through 12, wherein the
electrostinmlation electrode of the second medule includes:

a first electrode, configured to be located toward the center of the portal
of the clectrode fixation support member when the second module is coupled to
the first module; and

a second electrode, located more laterally from the center of the portal of
the electrode fixation support member than the first electrode when the second

meodule is coupled to the first module.
14, The apparatus of claim 13, wherein the second electrode inchudes a ring-
like electrode extending circumferentially about the first clectrode and spaced

apart from the first electrode.

15.  The apparatus of claim 14, wherein the ring-like second electrode is

segmented into a plurality of individually addressable electrodes.
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16. A method comprising:

attaching a first meodule including a fixation support member to a
temporary third module inchuding an electrostimulation electrode located within
a portal of the fixation support member when the first and third modules are
attached;

posttioning the attached first and third wodules at a posttion at a heart of
a subject and testing an electrostimulation threshold at the position;

when a desired value of the clectrostimulation threshold 1s obtained,
affixing the first module at the position at the heart, then releasing the third
module from the first module;

affixing a second module to the first module, the second module
mcluding an clectrostimulation electrode configured for chronically delivering
clectrostimulation to the heart at the position at the heart; and

delivering clectrostimaulation to the heart at the position at the heart using

the electrostimulation electrode of the second module.

17.  The method of claim 16, wherein the affixing the first module at the
position at the heart comprises deploying an active fixation device while the first
meoedule remains at the position at the heart at which the electrostimulation

threshold was tested and determined to meet the desired value.

I8, The method of claim 17, wherein the deploying an active fixation device
comprises rotating the first module to engage a rotatiovally-oriented barb with

tissue of the heart.

19, The method of any one of claims 16 through 18, wherein affixing the
first module at the position at the heart comprises suturing the first module at the

position at the heart,

20, The roethod of any one of claives 16 through 19, wherein affixing the
second module to the first module comprises at least one of snap-fitting the
second module to the fivst wodule or rotationally slidably engaging the second

module to the first module.
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