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TRANS SEPTAL IMPLANTABLE MEDICAL DEVICE

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Patent Application Serial No.

62/377,204 filed on August 19, 2016, the disclosure of which is incorporated herein by reference.

TECHNICAL FIELD

[0002] The disclosure relates generally to implantable medical devices, and relates more

particularly to implantable medical devices that may extend at least partially through a septum

within a patient's heart.

BACKGROUND

[0003] Implantable medical devices are commonly used today to monitor a patient and/or

deliver therapy to a patient. For example, implantable sensors are often used to monitor one or

more physiological parameters of a patient, such as heart beats, heart sounds, ECG, respiration,

etc. In another example, pacing devices are often used to treat patients suffering from various

heart conditions that may result in a reduced ability of the heart to deliver sufficient amounts of

blood to a patient's body. Such heart conditions may lead to slow, rapid, irregular, and/or

inefficient heart contractions. To help alleviate some of these conditions, various medical

devices (e.g., pacemakers, defibrillators, etc.) can be implanted in a patient's body. Such devices

may monitor and in some cases provide electrical stimulation to the heart to help the heart

operate in a more normal, efficient and/or safe manner. Under some circumstances, it can be

beneficial to sense and/or pace two or more chambers of the heart.

SUMMARY

[0004] This disclosure relates generally to implantable medical devices, and relates more

particularly to implantable medical devices that extend at least partially through a septum within

a patient's heart. In some cases, the implantable medical devices may be configured to be

disposed adjacent a septum within a patient's heart. In some cases, the implantable medical

devices may be configured to extend at least partially into the septum, and in some cases, entirely

through the septum. The septum may be the ventricular septum that divides the eft and right

ventricles. When so provided, the implantable medical device may be configured to sense and/or



pace both ventricles of the heart. In some cases, the implantable medical device may be

delivered to the ventricle septum via the more accessible right ventricle of the heart. In some

cases, the septum may be the atrial septum the divides the left and right atriums. In some cases,

the septum may be the atrial/ventricular septum that extends between the right atrium and the left

ventricle. These are j ust examples.

[0005] In one example of the disclosure, an implantable medical device (IMD) is configured

for deployment at a ventricular septum of a patient's heart, the ventricular septum of the patient's

heart having a right ventricle (RV) facing side and a left ventricle (LV) facing side. The IMD

may include a housing that includes a proximal end and a distal end. The IMD is configured to

be positioned at least in part in the right ventricle (RV) of the patient's heart with the distal end

of the housing proximate the RV facing side of the ventricular septum once the IMD is implanted

in the patient's heart. The IMD may include a power source that is disposed within the housing,

as well as circuitry that is also disposed within the housing and that is operably coupled to the

power source. A first RV electrode may be disposed adjacent the distal end of the housing and

may be positioned to be facing the RV facing side of the ventricular septum once the IMD is

implanted. The first RV electrode may be operatively coupled with the circuitry in the housing.

A second RV electrode may be spaced proximal ly of the first RV electrode and may be

operatively coupled with the circuitry in the housing. An LV electrode may be positioned

distally of the first RV electrode and at least partially in the ventricular septum once the IMD is

implanted. The LV electrode may be operatively coupled with the circuitry in the housing. The

IMD may include an LV electrode position adjustment assembly for adjusting a distance that the

LV electrode may be positioned dista lly of the first RV electrode. The LV electrode position

adjustment assembly may include a coupling that is secured relative to the housing and that is

configured to mate with a separate adjustment tool that can move the coupling relative to the

housing to adjust the distance that the LV electrode is positioned distally of the first RV

electrode.

[0006] Alternatively or additionally to any of the embodiments above, the LV electrode

position adjustment assembly may include a fixation helix extending distally from the housing

with the LV electrode positioned on the fixation helix. The fixation helix may include a

proximal shaft portion extending through a lumen of the housing and terminating in the coupling



such that rotating the coupling rotates the fixation helix relative to the housing and causes the

fixation helix to thread itself into the ventricular septum.

[0007] Alternatively or additionally to any of the embodiments above, the LV electrode

position adjustment assembly may include an inner shaft operatively coupled to the coupling and

an outer shaft threadediy engaged with the inner shaft and configured to not rotate relative to the

housing, wherein rotation of the inner shaft via the coupling results in translation of the outer

shaft relative to the housing. The LV electrode may be secured relative to the outer shaft and

may translate with the outer shaft.

[0008] Alternatively or additionally to any of the embodiments above, at least a portion of

the outer shaft has a cross-sectional profile that engages a complementary engagement portion of

the housing to prevent rotation of the outer shaft relative to the housing.

[0009] Alternatively or additionally to any of the embodiments above, the cross-sectional

profile may include a non-circular cross-sectional profile and the complementary engagement

portion of the housing may include a distal opening in a lumen that receives at least part of the

outer shaft.

[00010] Alternatively or additionally to any of the embodiments above, the coupling may-

include a rotatable tether loop coupled to a proximal end of the inner shaft, such that rotating the

rotatable tether loop rotates the inner shaft relative to the outer shaft, thereby causing the outer

shaft to translate in response.

[00011] Alternatively or additionally to any of the embodiments above, the MD may further

include a spring contact disposed within the housing and operably coupled with the circuitry, the

spring contact making sliding electrical contact with a portion of the outer shaft that is

electrically coupled with the LV electrode.

[00012] Alternatively or additionally to any of the embodiments above, the IMD may further

include one or more fixation tines that are configured to extend into the ventricular septum and

curve over to anchor the IMD in place relative to the ventricular septum.

[00013] Alternatively or additionally to any of the embodiments above, the power source may

include a battery.

[00014] Alternatively or additionally to any of the embodiments above, the IMD may be a

dual chamber leadless cardiac pacemaker (LCP).



[00015] In another example of the disclosure, an implantable medical device (IMD) may be

configured for deployment within a heart chamber of a patient's heart, near a septum of the

patient's heart. The septum of the patient's heart may have a first chamber facing side facing the

heart chamber and a second opposing chamber facing side. The IMD may include a housing that

is configured to be positioned at least in part in the heart chamber proximate the first chamber

facing side of the septum once the IMD is implanted in the patient's heart. The IMD may also

include a power source disposed within the housing. Circuitry may be disposed withm the

housing and may be operatively coupled to the power source. One or more first chamber

electrodes that are operatively coupled with the circuitry in the housing may be fixed relative to

the housing and may be positioned to be proximate the first chamber facing side of the heart

chamber once the IMD is implanted. The housing may define a lumen, and the IMD may

include an outer shaft that extends through the lumen and is translatable relative to the lumen. A

second chamber electrode may be disposed at or near a distal end of the outer shaft and may be

operably coupled with the circuitry disposed withm the housing. An inner shaft may be

threadedly engaged with the outer shaft such that the inner shaft may be rotated relative to the

outer shaft in order to effect translation of the outer shaft relative to the housing. The outer shaft

may be translatable between a retracted position in which the second chamber electrode is

proximate the first chamber facing side of the septum and an extended position in which the

second chamber electrode extends at least partially into the septum.

[00016] Alternatively or additionally to any of the embodiments above, at least a portion of

the outer shaft may have a cross-sectional profile that engages a complementary engagement

portion of the housing to prevent rotation of the outer shaft relative to the housing.

[00017] Alternatively or additionally to any of the embodiments above, the inner shaft may

extend proximally through the lumen and may terminate in a coupling such that rotating the

coupling rotates the inner shaft relative to the outer shaft.

[00018] Alternatively or additionally to any of the embodiments above, the IMD may further

include one or more fixation tines that are configured to extend into the septum and curve over to

anchor the IMD in place relative to the septum.

[00019] Alternatively or additionally to any of the embodiments above, the IMD may further

include a spring contact disposed within the housing and operably coupled with the circuitry, the



spring contact making sliding electrical contact with a portion of the outer shaft that is

electrically coupled with the second chamber electrode.

[00020] Alternatively or additionally to any of the embodiments above, the LV electrode may

serve as an antenna for communication purposes.

[00021] Alternatively or additionally to any of the embodiments above, the MD may be a

dual chamber ieadless cardiac pacemaker (LCP) and the LCP may sense electrical activity on

one side of the ventricular septum and deliver an actionable response on the other side of the

ventricular septum.

[00022] In another example of the disclosure, a method of facilitating dual chamber pacing of

a heart may include advancing an implantable medical device (IMD) to a position proximate a

first side of a septum of the heart, the IMD including a housing and two first chamber electrodes

disposed relative to the housing, the IMD further including a second chamber electrode and an

electrode position adjustment assembly with a coupling for adjusting a position of the second

chamber electrode relative to the housing. An adjustment tool may be mated to the coupling of

the electrode position adjustment assembly and the adjustment tool may be manipulated to move

the coupling relative to the housing to adjust the position of the second chamber electrode

relative to the housing. A fixation mechanism may be deployed to secure the IMD relative to the

septum.

[00023] Alternatively or additionally to any of the embodiments above, the method may

further include testing for capture of the heart prior to deploying the fixation mechanism, moving

the IMD to a different position proximate the first side of the septum if capture s not achieved,

and testing for capture again.

[00024] Alternatively or additionally to any of the embodiments above, the method may

further include testing for capture with the second chamber electrode positioned at a first

distance relative to the housing, manipulating the adjustment tool to move the coupling relative

to the housing to adjust the distance that the second chamber electrode is positioned a second

distance relative to the housing, and testing for capture again.

[00025] The above summary is not intended to describe each and every disclosed embodiment

or every implementation of the present disclosure. The Figures and Description which follow

more particularly exemplify these and other illustrative embodiments.



BRIEF DESCRIPTION OF THE FIGURES

[00026] The disclosure may be more completely understood in consideration of the following

description in connection with the accompanying drawings, in which:

[00027] Figure 1 is a schematic illustration of a human heart;

[00028] Figure 2 is a schematic block diagram of an implantable medical device (XMD) in

accordance with the disclosure:

[00029] Figure 3 is a schematic block diagram of an implantable medical device (XMD) in

accordance with the disclosure:

[00030] Figure 4 is an enlarged end view of part of the IMD of Figure 3;

[00031] Figure 5 is a schematic block diagram of another example adjustment mechanism:

[00032] Figure 6 is a perspective view of an IMD that is a leadless cardiac pacemaker (LCP)

in accordance with the disclosure;

[00033] Figure 7 is a cross-sectional view of the IMD of Figure 6;

[00Θ34] Figure 8 is a schematic view of a certain components of the IMD of Figure 6;

[00035] Figure 9 is a schematic view of an IMD in combination with a delivery device in

accordance with the disclosure;

[00036] Figure 0 is a schematic block diagram of an illustrative leadless cardiac pacemaker

(LCP), which may be considered as being an example of one of the IMDs of Figures 2, 3 and 6;

[00037] Figure is a flow diagram showing an illustrative method of facilitating dual

chamber cardiac pacing;

[00038] Figure is a flow diagram showing another illustrative method of facilitating dual

chamber cardiac pacing; and

[00039] Figure 3 is a flow diagram showing another illustrative method of facilitating dual

chamber cardiac pacing

[00040] While the disclosure s amenable to various modifications and alternative forms,

specifics thereof have been shown by way of example in the drawings and will be described in

detail. It should be understood, however, that the intention is not to limit the disclosure to the

particular embodiments described. On the contrary, the intention is to cover all modifications,

equivalents, and alternatives falling within the spirit and scope of the disclosure.



DESCRIPTION

[00041] For the following defined terms, these definitions shall he applied, unless a different

definition is given in the claims or elsewhere in this specification.

[00042] All numeric values are herein assumed to be modified by the term "about," whether

or not explicitly indicated. The term "about" generally refers to a range of numbers that one of

skill in the art would consider equivalent to the recited value (i.e., having the same function or

result). In many instances, the terms "about" may include numbers that are rounded to the

nearest significant figure.

[00043] The recitation of numerical ranges by endpoints includes all numbers within that

range (e.g. 1 to 5 includes 1, 1.5, 2, 2.75, 3, 3.80, 4, and 5).

[00044] As used in this specification and the appended claims, the singular forms "a", "an",

and "the" include plural referents unless the content clearly dictates otherwise. As used in this

specification and the appended claims, the term "or" is generally employed in its sense including

"and/or" unless the content clearly dictates otherwise.

[00045] It is noted that references in the specification to "an embodiment", "some

embodiments", "other embodiments", etc., indicate that the embodiment described may include

one or more particular features, structures, and/or characteristics. However, such recitations do

not necessarily mean that all embodiments include the particular features, structures, and/or

characteristics. Additionally, when particular features, structures, and/or characteristics are

described in connection with one embodiment, it should be understood that such features,

structures, and/or characteristics may also be used connection with other embodiments whether

or not explicitly described unless clearly stated to the contrary.

[00046] The following description should be read with reference to the drawings in which

similar structures in different drawings are numbered the same. The drawings, which are not

necessarily to scale, depict illustrative embodiments and are not intended to limit the scope of the

disclosure.

[00047] Figure 1 is a schematic illustration of a human heart H . The heart H includes a right

side and a left side, relative to the person's perspective. The right side of the heart H includes an

RA (right atrium) and an RV (right ventricle). The left side of the heart H includes an LA (left

atrium) and an LV (left ventricle). A ventricular septum 0 separates the RV and the LV and an

atrial septum separates RA and the LA. The heart H may also be considered as including an



atrioventricular septum 7 between the RA and the LV. The ventricular septum 0 may be

considered as having an RV facing side 12 and an LV facing side 14. The atrial septum may

be considered as including a RA facing side 3 and a RA facing side 5.

[00048] t is known that portions of the heart wall, including the ventricular septum 10, have

conduction pathways that are involved in causing contractions in the RV and the LV. In some

cases, reaching the RV through the vasculature, such as through the superior vena cava or the

inferior vena cava and through the right atrium (not illustrated), may be easier than reaching the

LV in an intravascular approach. In some cases, debris may be formed withm the heart H as a

result of placing and manipulating implantable devices within the heart H . In some cases, debris

within the RV may be less problematic for the patient than debris within the LV, as debris within

the RV may pass into the patient's lungs which can act as a filter while potential debris within

the LV may pass directly into the patient's brain, potentially causing a stroke or other

complications. Moreover, in some cases, the presence of a significant foreign object (e.g. an

implantable medical device) within the heart H may cause tissue ingrowth and/or clotting to

occur as a result of the body's natural response to the presence of the foreign body. Such clots, if

released, are less of a concern in the RV than the LV.

[00049] In some instances, an Implantable Medical Device (IMD) may be configured to be

deployed within the RV, next to or proximate the RV facing side 2 of the ventricular septum 0 .

In some cases, as will be discussed, an IMD may additionally or alternatively be deployed within

the RA, next to or proximate the RA facing side 13 of the atrial septum . In some cases, a

portion of the IMD may, for example, extend partially into the ventricular septum 0, or even

completely through the ventricular septum 10, in order to place one or more electrodes in

position to capture the aforementioned conduction pathways through the ventricular septum 0

that control the contraction of the LV, or to otherwise sense or pace within the LV. It will be

appreciated that in some cases, the portion or portions of the IMD that penetrate into the LV may

be minimized in size in order to minimize the body ' s natural response to such a foreign body. In

some cases, the portion or portions of the IMD that penetrate into the LV, and in some instances

even the portion or portions of the IMD that remain within the RV, may be coated with or

otherwise include one or more anticoagulant materials or materials that encourage

endothelialization of the surfaces exposed to blood flow in the chamber.



00050J Figure 2 is a highly schematic diagram of an illustrative IMD 20 that may, for

example, be utilized proximate the RV facing side 2 of the ventricular septum 0 . In some

cases, it is envisioned that the IMD 20 may be utilized proximate the RA facing side 3 of the

atrial septum 11. In some cases, the septum may be the atrial/ventricular septum 17 that is

between the right atrium RA and the left ventricle LV.

[00051] In some cases, the IMD 20 may include a housing 22 that may be considered as

including a proximal end 2 1 and a distal end 23. The housing 22 may, for example, be

configured to be disposed at least partially within the RV, with the distal end 23 of the housing

22 being next to or proximate the RV facing side 2 of the ventricular septum 0, for example.

[00052] A power source 24 may be disposed within the housing 22. In some cases, the power

source 24 may be a battery. In some instances, the power source 24 may be a rechargeable

power source, such as a rechargeable battery, a capacitor such as a super-capacitor and/or any-

other suitable rechargeable power source or source capable of harvesting power transmitted

wirelessly from another device. In some cases, for example, energy may be transmitted to the

power source 24 via RF power transfer. Circuitry 26 may be disposed within the housing 22 and

may be operatively coupled to the power source 24 such that the power source 24 can power

operation of the circuitry 26. In some cases, if the power source 24 is rechargeable, the circuitry

26 may also regulate recharging operations of the power source 24. In some cases, the circuitry

26 may include or be coupled to an antenna, inductive loop and/or other energy receiving

element for wirelessly receiving energy to recharge the battery. In some cases, energy may be

harvested from bodily movement.

[00053] In some cases, as illustrated, the IMD 20 may include a first RV electrode 28 that is

adjacent the distal end 23 of the housing 22. It will be appreciated that the first RV electrode 28

is positioned relative to the housing 22 such that the first RV electrode 28 will be facing the RV

facing side 12 of the ventricular septum 0 once the IMD 20 has been implanted. The first RV

electrode 28 is operably coupled with the circuitry 26 via a conductor 30. A second RV

electrode 32 may be spaced proximally of the first RV electrode 28 and may be operatively

coupled with the circuitry 26 via a conductor 34.

[00054] In some cases, the IMD 20 may include an LV electrode 36 that, as can be seen, may

be positioned distally of the first RV electrode 28. In some cases, the LV electrode 36 may be

positioned such that the LV electrode 36 penetrates at least partially into the ventricular septum



0 once the IMD 20 is implanted. In some cases, the LV electrode 36 may extend only partially

into the ventricular septum 10. In some instances, the LV electrode 36 may extend all the way

through the ventricular septum 0 and may in fact be positioned at the LV facing side 4 of the

ventricular septum 10. The LV electrode 36 may be operativeiy coupled with the circuitry 26 via

a conductor 38. In some cases, the IMD 20 may include an LV electrode position adjustment

assembly 40 that is schematically shown in Figure 2 . The LV electrode position adjustment

assembly 40 may, as will be shown with respect to subsequent Figures, be adjustable in length in

order to adjust the position of the LV electrode 36 relative to the housing 22 and thus adjust the

relative depth to which the LV electrode 36 penetrates within the ventricular septum 10. In some

cases, the LV electrode 36 may function as an antenna for communication purposes.

[00055] In some cases, the LV electrode position adjustment assembly 40 may include a

threaded mechanism that when rotated causes the LV electrode 36 to move outward to penetrate

further into the ventricular septum 10. In some cases, the LV electrode position adjustment

assembly 40 may include a push rod that when pushed by a pusher device (e.g. delivery mandrel

or catheter) causes the LV electrode 36 to move outward to penetrate further into the ventricular

septum 10. In some cases, a latching mechanism may be provided to hold the position of the LV

electrode 36 in place. In some cases, the LV electrode position adjustment assembly 40 may-

telescope and thus may assume a shorter profile in the retracted position. In some cases, the LV

electrode position adjustment assembly 40 may include a hydraulic mechanism that when

activated moves the LV electrode 36 outward to penetrate further into the ventricular septum 0 .

In some cases, the LV electrode position adjustment assembly 40 may include an electric motor

configured to drive the LV electrode 36 outward to penetrate further into the ventricular septum

10. In some cases, the LV electrode position adjustment assembly 40 may include a solenoid to

drive the LV electrode 36 outward to penetrate further into the ventricular septum 0 . These are

just some examples implantations of the LV electrode position adjustment assembly 40. In some

cases, the LV electrode position adjustment assembly 40 may be configured to also retract the

LV electrode 36 relative to the ventricular septum 0 and toward the housing 22. When so

provided, the positioning of the LV electrode 36 in the ventricular septum 0 may be adjustable

in both proximal and distal directions. In some cases, for example, the IMD 20 may sense

electrical activity in one portion of the heart H and deliver an actionable response, such as but

not limited to pacing, to another portion of the heart H . For example, the IMD 20 may sense



electrical activity on the RV facing side 12 of the ventricular septum 10, such as via the RV

electrode 28, and may pace on the LV facing side 14 of the ventricular septum 0 using the LV

electrode 36.

[00056] Figure 3 is a highly schematic illustration of an IMD 50 that may be configured for

deployment within a heart chamber of a patient's heart, near a septum of the heart. The septum

may be considered as having a first chamber facing side that faces the heart chamber and a

second opposing chamber facing side. In some cases, the heart chamber may be the RV, and

thus the septum in question is the ventricular septum 10, having an RV facing side 1 and an LV

facing side 4 . This is merely illustrative, as for example the IMD 50 may be implantable within

the RA, meaning that the septum in question is the atrial septum 11, having an RA facing side 13

and an LA facing side 5 . The IMD 50 includes a housing 52 having a proximal end 5 and a

distal end 53.

[00057] The IMD 50 may include one or more first chamber electrodes 54 that are fixed

relative to the housing 52 and that are positioned to be proximate the first chamber facing side of

the heart chamber once the IMD is implanted. As illustrated, the IMD 50 includes a first

chamber electrode 54a and a second chamber electrode 54b. The first chamber electrode 54a

may be operatively coupled with the circuitry 26 via a conductor 56a. The second chamber

electrode 54b may be operatively coupled with the circuitry 26 via a conductor 56b.

[00058] In some cases, a lumen 58 may extend through the housing 52 from the proximal end

5 to the distal end 53. As can be seen, an adjustment mechanism 60 may extend through the

lumen 58. In some cases, the adjustment mechanism 60 may be considered as being an example

of the LV electrode position adjustment assembly 40 referenced in Figure 2 . A second chamber

electrode 62 may be seen disposed at or near a distal end 63 of the adjustment mechanism 60 and

may be operatively coupled with the circuitry 26 via a conductor 64 (shown partially in

phantom). In some cases, the adjustment mechanism 60 may include an outer shaft 66 that

extends through the lumen 58, and as will be discussed may be translatable relative to the lumen

58 and housing 52. The adjustment mechanism 60 may include an inner shaft 68 that is

threadedly engaged with the outer shaft 66 such that the inner shaft 68 may be rotated relative to

the outer shaft 66 in order to effect translation of the outer shaft 66 relative to the housing 52. In

some cases, the outer shaft 66 may be translatable between a retracted position in which the

second chamber electrode 62 is proximate the first chamber facing side of the septum and an



extended position in which the second chamber electrode 62 extends at least partially into the

septum. In some cases, a plurality of second chamber electrodes 62 may be provided, each at a

different position along the outer shaft 66 so that each is at a different depth in the septum. The

circuitry 26 may include a selector (not explicitly shown) to select which one (or more) of the

plurality of second chamber electrodes 62 to use.

[00059] The outer shaft 66 may be coated with a steroid or other substance to minimize

inflammation. In some cases, the outer shaft 66 may have an atraumatic tip at its distal end. The

atraumatic tip may be semi-flexible and may be rounded to avoid cutting the myocardium. In

some cases, the outer shaft may contain fixation elements, such as flexible talons extending

laterally out from the side walls of the outer shaft 66. Such fixation elements may provide

additional stability and may be used in in addition to, or in place of, fixation tines 104 (see

Figure 6) and/or anchors 2 6 (see Figure 10). In some cases, one or more of the fixation

elements may be electrically active, for example.

[00060] In some cases, the outer shaft 66 may be constrained against rotating relative to the

housing 52. By holding the outer shaft 66 from rotating relative to the housing 52, rotating the

inner shaft 68 relative to the outer shaft 66 (and relative to the housing 52) may cause the outer

shaft 66 to translate without rotating. In some cases, rotating the inner shaft 68 in a first

direction may cause the outer shaft 66 to translate in a distal direction while rotating the inner

shaft 68 in a second, opposite direction, may cause the outer shaft 66 to translate in a proximal

direction. In some cases, the outer shaft 66 or at least a portion of the outer shaft 66 may have a

cross-sectional profile that engages a complementary engagement portion of the housing 52 in

order to prevent rotation of the outer shaft 66 relative to the housing 52 while still allowing

translation of the outer shaft 66 relative to the housing 52. Figure 4 provides an enlarged view of

part of the distal end 53 of the housing 52 of Figure 3 . The outer shaft 66 s shown as having a

cross-sectional profile, such as but not limited to a non-circular cross-sectional profile, which is

complementary in shape to an aperture 70 that represents a distal end of the lumen 58. It will be

appreciated that this is just one example of a suitable relationship between an outer profile of the

outer shaft 66 relative to the aperture 70.

[00061] Returning to Figure 3, the adjustment mechanism 60 may include a coupling 72 that

may, for example, be rigidly coupled to the inner shaft 68 such that rotation of the coupling 72

produces rotation of the inner shaft 68. The coupling 72 may be configured such that a separate



adjustment tool may be mated with the coupling 72. In some cases, the adjustment tool may be

used to rotate the coupling 72 to rotate the inner shaft 68. In some cases, the coupling 72 may,

for example, represent a tether loop. Rotating the tether loop may cause the inner shaft 68 to

rotate in the same direction as the tether loop, and the rotation of the inner shaft 68 relative to the

outer shaft 66 while the outer shaft 66 is constrained from rotating causes translation of the outer

shaft 66 relative to the housing 52. It is contemplated that the coupling may be a mechanical

coupling, an electrical coupling, a hydraulic coupling and/or any other suitable coupling as

desired, depending on the type of LV electrode position adjustment assembly 40 used.

[00062] Turning to Figure 5, and in some cases, it is contemplated that the adjustment

mechanism 60 may include a fixation helix. Figure 5 shows an outer shaft 76 that includes a

shaft portion 78 and a helix portion 80. In some cases, the shaft portion 78 is threadedly engaged

with the inner shaft 68. In some cases, the shaft portion 78 is rigidly coupled with the inner shaft

68 and the shaft portion 78 is not constrained against rotation. In some cases, the inner shaft 68

and the shaft portion 78 may be considered as forming a proximal shaft portion that extends

proximally back to the coupling 72 (Figure 3). As a result, and in some cases, rotation of the

inner shaft 68 may cause rotation of the outer shaft 76 such that the helix portion 80 is able to

twist or screw itself into the septum. In some cases, the helix portion 80 may be soldered or

welded to the inner shaft 68. In some cases, the helix portion 80 may be integrally formed as

part of the inner shaft 68. In some cases, the second chamber electrode 62 may be disposed at or

near a distal end 83 of the heli portion 80 and may be operatively coupled to circuitry 26. In

some cases, a plurality of second chamber electrodes 62 may be provided, each at a different

position along the helix portion 80 so that each is at a different depth in the septum. The

circuitry 26 may include a selector (not explicitly shown in Figure 3) to select which one (or

more) of the plurality of second chamber electrodes 6 to use.

[00063] Figure 6 provides an illustration of an IMD 90 that is a leadless cardiac pacemaker

(LCP). The IMD 90 includes a housing 92 that extends from a proximal end 9 1 to a distal end

93. A tether loop 94 is secured relative to the proximal end 9 1 and may, for example, be

considered as being an example of the coupling 72 (Figure 3). The tether loop 94 may, for

example, be used to hold the IMD 90 relative to a delivery device during implantation, and can

be engaged with an adjustment tool to rotate the tether loop 94. At the distal end 93, an outer

shaft 96 bearing an LV electrode 98 extends distally from the distal end 93. A first RV electrode



100 may be disposed at or near the distal end 93 of the housing 92. In some cases, as shown, a

second RV electrode 102 may be disposed at or near the proximal end 9 1 of the housing 92. n

some cases, the second RV electrode 02 may be a ring electrode, but this is not required. The

IMD 90 includes fixation tines 104 that may be configured to extend into heart muscle and then

curve over on themselves (as illustrated) to anchor the IMD 90 to the heart.

[00064] Figure 7 is a cross-sectional view of the illustrative IMD 90, taken along line 7-7 of

Figure 6 . As can be seen, an inner shaft 106 is threadedly engaged with the outer shaft 96 and

extends proximally to the tether loop 94 such that rotation of the tether loop 94 causes the inner

shaft 106 to rotate relative to the outer shaft 96. If the outer shaft 96 is constrained against

rotation relative to the housing 92 (as discussed with respect to Figure 4, for example), rotation

of the tether loop 94 relative to the housing 92 will cause the outer shaft 96 to translate either

distally or proximally, depending on the threading direction of the inner shaft 06 and the outer

shaft 96, and the direction in which the tether loop 94 is rotated.

[00065] It will be appreciated that there needs to be an electrical connection between the

circuitry 26 (Figures 2, 3 and 7) and the LV electrode 98. As shown schematically in Figure 7, a

connector 110 provides an electrical connection between the circuitry 26 and the moving outer

shaft 96. Figure 8 provides greater detail regarding an illustrative but non-limiting example of

the connector 110. In some cases, a spring contact 112 may be coupled with the circuitry 26.

The spring contact may make sliding electrical contact with a portion of the outer shaft 96

that is electrically coupled with the LV electrode 98.

[00066] Figure 9 provides an example of implanting the IMD 90 proximate the ventricular

septum 0 . As illustrated, the first RV electrode 00 a d the second RV electrode 02 are both

ring electrodes, but this is ot required. The IMD 90 is secured within a delivery device 120,

which includes an implantation tool 122 that extends within the delivery device 120 and that may

be used for several purposes. For example, the implantation tool 122 may engage the tether loop

94 to hold the IMD 90 relative to the delivery device 20 while delivering the IMD 90 to the

implantation site. In some cases, the implantation tool 122 may subsequently be used to rotate

the tether loop 94 relative to the housing of the IMD 90 and thus extend or retract the outer shaft

96 bearing the LV electrode 98. As shown, the LV electrode 98 is proximate the LV facing side

14 of the ventricular septum 0 . In some cases, the LV electrode 98 may instead be disposed

within the ventricular septum 0, at an intermediate depth between the RV facing side 2 of the



ventricular septum 10 and the LV facing side 14 of the ventricular septum 0 . n some cases, a

plurality of LV electrodes may be provided, each at a different position along the outer shaft 96

so that each is at a different depth in the ventricular septum 0 . The circuitry 26 may include a

selector (not explicitly shown) to select which one (or more) of the plurality of LV electrodes to

use.

[00067] Figure 10 is a conceptual schematic block diagram of an illustrative IMD, and more

specifically a leadiess cardiac pacemaker (LCP) that may operate to sense physiological signals

and parameters and deliver one or more types of electrical stimulation therapy to the heart of the

patient. Example electrical stimulation therapy may include bradycardia pacing, rate responsive

pacing therapy, cardiac resynchronization therapy (CRT), anti-tachycardia pacing (ATP) therapy

and/or the like. As can be seen in Figure 0, the LCP 200 may be a compact device with ail

components housed within the LCP 200 or directly on a housing 220. In some instances, the

LCP 200 may include one or more of a communication module 202, a pulse generator module

204, an electrical sensing module 206, a mechanical sensing module 208, a processing module

210, an energy storage module 212, and electrodes 214. The LCP 200 may, for example, be

considered as being an example of the IMD 20 (Figure 2), the IMD 50 (Figure 3) and/or the IMD

90 (Figure 6).

[00068] As depicted in Figure 0, the LCP 200 may include electrodes 2 4, which can be

secured relative to the housing 220 and electrically exposed to tissue and/or blood surrounding

the LCP 200. The electrodes 2 4 may generally conduct electrical signals to and from the LCP

200 and the surrounding tissue and/or blood. Such electrical signals can include communication

signals, electrical stimulation pulses, and intrinsic cardiac electrical signals, to name a few.

Intrinsic cardiac electrical signals may include electrical signals generated by the heart and may

be represented by an electrocardiogram (ECG).

[00069] The electrodes 214 may include one or more biocompatible conductive materials such

as various metals or alloys that are known to be safe for implantation within a human body. In

some instances, the electrodes 2 4 may be generally disposed on either end of the LCP 200 and

may be in electrical communication with one or more of the modules 202, 204, 206, 208, and

210. In embodiments where the electrodes 2 4 are secured directly to the housing 220, an

insulative material may electrically isolate the electrodes 214 from adjacent electrodes, the

housing 220, and/or other parts of the LCP 200. In some instances, some or all of the electrodes



214 may be spaced from the housing 220 and may be connected to the housing 220 and/or other

components of the LCP 200 through connecting wires. In such instances, the electrodes 2 4 may

be placed on a tail (not shown) that extends out away from the housing 220. As shown in Figure

0, in some embodiments, the LCP 200 may include electrodes 214'. The electrodes 2 4 ' may

be in addition to the electrodes 214, or may replace one or more of the electrodes 2 4. The

electrodes 2 4' may be similar to the electrodes 214 except that the electrodes 214' are disposed

on the sides of the LCP 200. In some cases, the electrodes 214' may increase the number of

electrodes by which the LCP 200 may deliver communication signals and/or electrical

stimulation pulses, and/or may sense intrinsic cardiac electrical signals, communication signals,

and/or electrical stimulation pulses.

[00070] The electrodes 214 and/or 4' may assume any of a variety of sizes and/or shapes,

and may be spaced at any of a variety of spacings. For example, the electrodes 214 may have an

outer diameter of two to twenty millimeters (mm). In other embodiments, the electrodes 21

and/or 114' may have a diameter of two, three, five, seven millimeters (mm), or any other

suitable diameter, dimension and/or shape. Example lengths for the electrodes 214 and/or 2 4'

may include, for example, one, three, five, ten millimeters (mm), or any other suitable length.

As used herein, the length is a dimension of the electrodes 214 and/or 214' that extends away

from the outer surface of the housing 220. In some instances, at least some of the electrodes 214

and/or 2 4' may be spaced from one another by a distance of twenty, thirty, forty, fifty

millimeters (mm), or any other suitable spacing. The electrodes 214 and/or 214' of a single

device may have different sizes with respect to each other, and the spacing and/or lengths of the

electrodes on the device may or may not be uniform.

[00071] In some instances, an LV electrode 214" may also be provided. The LV electrode

214" may be supported by an LV electrode support 256 that extends away from the housing 220.

In some cases, the LV electrode support 256 is configured to place the LV electrode 214" within

the ventricular septum 10, and in electrical communication with conduction pathways extending

through the ventricular septum 10 that control the contraction of the LV. In some instances, the

LV electrode support 256 may extend entirely through the ventricular septum 0 in order to

place an LV electrode 214" within the LV and in contact with the LV facing side 4 of the

ventricular septum 10.



00072] In the embodiment shown, the communication module 202 may be electrically

coupled to two or more of the electrodes 214, 214' and/or 214" and may be configured to deliver

communication pulses to tissues of the patient for communicating with other devices such as

sensors, programmers, other medical devices, and/or the like. Communication signals, as used

herein, may be any modulated signal that conveys information to another device, either by itself

or in conjunction with one or more other modulated signals. In some embodiments,

communication signals may be limited to sub-threshold signals that do not result in capture of

the heart yet still convey information. The communication signals may be delivered to another

device that is located either external or internal to the patient's body. In some instances, the

communication may take the form of distinct communication pulses separated by various

amounts of time. In some of these cases, the timing between successive pulses may convey

information. The communication module 202 may additionally be configured to sense for

communication signals delivered by other devices, which may be located external or internal to

the patient's body.

[00073] The communication module 202 may communicate to help accomplish one or more

desired functions. Some example functions include delivering sensed data, using communicated

data for determining occurrences of events such as arrhythmias, coordinating delivery of

electrical stimulation therapy, and/or other functions. In some cases, the LCP 200 may use

communication signals to communicate raw information, processed information, messages

and/or commands, and/or other data. Raw information may include information such as sensed

electrical signals (e.g. a sensed ECG), signals gathered from coupled sensors, and the like. In

some embodiments, the processed information may include signals that have been filtered using

one or more signal processing techniques. Processed information may also include parameters

and/or events that are determined by the LCP 200 and/or another device, such as a determined

heart rate, timing of determined heartbeats, timing of other determined events, determinations of

threshold crossings, expirations of monitored time periods, accelerometer signals, activity level

parameters, blood-oxygen parameters, blood pressure parameters, heart sound parameters, and

the like. In some cases, processed information may, for example, be provided by a chemical

sensor or an optically interfaced sensor. Messages and/or commands may include instructions or

the like directing another device to take action, notifications of imminent actions of the sending



device, requests for reading from the receiving device, requests for writing data to the receiving

device, information messages, and/or other messages commands.

|00074] In at least some embodiments, the communication module 202 (or the LCP 200) may

further include switching circuitry to selectively connect one or more of the electrodes 214, 2 4'

and/or 214" to the communication module 202 in order to select which of the electrodes 214,

214' and/or 214" that the communication module 202 delivers communication pulses with. It is

contemplated that the communication module 202 may be communicating with other devices via

conducted signals, radio frequency (RF) signals, optical signals, acoustic signals, inductive

coupling, and/or any other suitable communication methodology. Where the communication

module 202 generates electrical communication signals, the communication module 202 may

include one or more capacitor elements and/or other charge storage devices to aid in generating

and delivering communication signals. In the embodiment shown, the communication module

202 may use energy stored in the energy storage module 2 2 to generate the communication

signals. In at least some examples, the communication module 202 may include a switching

circuit that is connected to the energy storage module 212 and, with the switching circuitry, may

connect the energy storage module 2 2 to one or more of the electrodes 214/2147214" to

generate the communication signals.

[00075] As shown in Figure 10, a pulse generator module 204 may be electrically connected

to one or more of the electrodes 214, 214' and/or 214". The pulse generator module 204 may be

configured to generate electrical stimulation pulses and deliver the electrical stimulation pulses

to tissues of a patient via one or more of the electrodes 214, 2 4' and/or 214" in order to

effectuate one or more electrical stimulation therapies. Electrical stimulation pulses as used

herein are meant to encompass any electrical signals that may be delivered to tissue of a patient

for purposes of treatment of any type of disease or abnormality. For example, when used to treat

heart disease, the pulse generator module 204 may generate electrical stimulation pacing pulses

for capturing the heart of the patient, i.e. causing the heart to contract in response to the delivered

electrical stimulation pulse. In some of these cases, the LCP 200 may vary the rate at which the

pulse generator module 204 generates the electrical stimulation pulses, for example in rate

adaptive pacing. In other embodiments, the electrical stimulation pulses may include

defibrillation/cardioversion pulses for shocking the heart out of fibrillation or into a normal heart

rhythm. In yet other embodiments, the electrical stimulation pulses may include anti-tachycardia



pacing (ATP) pulses. It should be understood that these are just some examples. The pulse

generator module 204 may include one or more capacitor elements and/or other charge storage

devices to aid in generating and delivering appropriate electrical stimulation pulses. In at least

some embodiments, the pulse generator module 204 may use energy stored in the energy storage

module 212 to generate the electrical stimulation pulses. In some particular embodiments, the

pulse generator module 204 may include a switching circuit that is connected to the energy

storage module 2 2 and may connect the energy storage module 212 to one or more of the

electrodes 214/2147214" to generate electrical stimulation pulses. In some cases, the pulse

generator module 204 may provide pacing pulses to pace the RV of the heart H using electrode

214, and may provide pacing pulses to the LV of the heart H using electrode 214". In some

cases, the pacing pulses generated for pacing the RV of the heart H by the pulse generator

module 204 may be offset in time, have a different duration, have a different amplitude and/or

have a different shape from the pacing pulses generated by the pulse generator module 204 for

pacing the LV of the heart H, if desired.

[00076] The LCP 200 may further include an electrical sensing module 206 and a mechanical

sensing module 208. The electrical sensing module 206 may be configured to sense intrinsic

cardiac electrical signals conducted from the electrodes 214, 214' and/or 214" to the electrical

sensing module 206. For example, the electrical sensing module 206 may be electrically

connected to one or more of the electrodes 214, 214' and/or 214" and the electrical sensing

module 206 may be configured to receive cardiac electrical signals conducted through the

electrodes 214, 214' and/or 214" via a sensor amplifier or the like. In some embodiments, the

cardiac electrical signals from electrodes 214 and/or 214' may represent local information from

the RV, while the cardiac electrical signals from LV electrode 214" may represent local

information from the LV of the heart H .

[00077] The mechanical sensing module 208 may include, or be electrically connected to,

various sensors, such as accelerometers, including multi-axis accelerometers such as two- or

three-axis accelerometers, gyroscopes, including multi-axis gyroscopes such as two- or three-

axis gyroscopes, blood pressure sensors, heart sound sensors, piezoelectric sensors, blood-

oxygen sensors, and/or other sensors which measure one or more physiological parameters of the

heart and/or patient. Mechanical sensing module 208, when present, may gather signals from the

sensors indicative of the various physiological parameters. The electrical sensing module 206



and the mechanical sensing module 208 may both be connected to the processing module 2 0

and may provide signals representative of the sensed cardiac electrical signals and/or

physiological signals to the processing module 2 0. Although described with respect to Figure

0 as separate sensing modules, in some embodiments, the electrical sensing module 206 and the

mechanical sensing module 208 may be combined into a single module. In at least some

examples, the LCP 200 may only include one of the electrical sensing module 206 and the

mechanical sensing module 208. In some cases, any combination of the processing module 210,

the electrical sensing module 206, the mechanical sensing module 208, the communication

module 202, the pulse generator module 204 and/or the energy storage module may be

considered a controller of the LCP 200.

[00078] The processing module 210 may be configured to direct the operation of the LCP 200

and may, in some embodiments, be termed a controller. For example, the processing module

210 may be configured to receive cardiac electrical signals from the electrical sensing module

206 and/or physiological signals from the mechanical sensing module 208. Based on the

received signals, the processing module 2 0 may determine, for example, occurrences and types

of arrhythmias and other determinations such as whether the LCP 200 has become dislodged.

The processing module 210 may further receive information from the communication module

202. In some embodiments, the processing module 210 may additionally use such received

information to determine occurrences and types of arrhythmias and/or and other determinations

such as whether the LCP 200 has become dislodged. In still some additional embodiments, the

LCP 200 may use the received information instead of the signals received from the electrical

sensing module 206 and/or the mechanical sensing module 208 - for instance if the received

information is deemed to be more accurate than the signals received from the electrical sensing

module 206 and/or the mechanical sensing module 208 or if the electrical sensing module 206

and/or the mechanical sensing module 208 have been disabled or omitted from the LCP 200.

00079] After determining an occurrence of an arrhythmia, the processing module 2 0 may

control the pulse generator module 204 to generate electrical stimulation pulses in accordance

with one or more electrical stimulation therapies to treat the determined arrhythmia. For

example, the processing module 210 may control the pulse generator module 204 to generate

pacing pulses with varying parameters and in different sequences to effectuate one or more

electrical stimulation therapies. As one example, in controlling the pulse generator module 204



to deliver bradycardia pacing therapy, the processing module 210 may control the pulse

generator module 204 to deliver pacing pulses designed to capture the heart of the patient at a

regular interval to help prevent the heart of a patient from falling below a predetermined

threshold. In some cases, the rate of pacing may be increased with an increased activity level of

the patient (e.g. rate adaptive pacing). For instance, the processing module 210 may monitor one

or more physiological parameters of the patient which may indicate a need for an increased heart

rate (e.g. due to increased metabolic demand). The processing module 210 may then increase the

rate at which the pulse generator module 204 generates electrical stimulation pulses. Adjusting

the rate of delivery of the electrical stimulation pulses based on the one or more physiological

parameters may extend the battery life of the LCP 200 by only requiring higher rates of deliver}'

of electrical stimulation pulses when the physiological parameters indicate there is a need for

increased cardiac output. Additionally, adjusting the rate of delivery of the electrical stimulation

pulses may increase a comfort level of the patient by more closely matching the rate of delivery

of electrical stimulation pulses with the cardiac output need of the patient.

[00080] For ATP therapy, the processing module 2 0 may control the pulse generator module

204 to deliver pacing pulses at a rate faster than an intrinsic heart rate of a patient in attempt to

force the heart to beat in response to the delivered pacing pulses rather than in response to

intrinsic cardiac electrical signals. Once the heart is following the pacing pulses, the processing

module 2 0 may control the pulse generator module 204 to reduce the rate of delivered pacing

pulses down to a safer level. In CRT, the processing module 2 0 may control the pulse

generator module 204 to deliver pacing pulses in coordination with another device to cause the

heart to contract more efficiently. In cases where the pulse generator module 204 is capable of

generating defibrillation and/or cardioversion pulses for defibrillation/cardioversion therapy, the

processing module 2 10 may control the pulse generator module 204 to generate such

defibrillation and/or cardioversion pulses. In some cases, the processing module 210 may

control the pulse generator module 204 to generate electrical stimulation pulses to provide

electrical stimulation therapies different than those examples described above.

[00081] Aside from controlling the pulse generator module 204 to generate different types of

electrical stimulation pulses and in different sequences, in some embodiments, the processing

module 2 0 may also control the pulse generator module 204 to generate the various electrical

stimulation pulses with varying pulse parameters. For example, each electrical stimulation pulse



may have a pulse width and a pulse amplitude. The processing module 210 may control the

pulse generator module 204 to generate the various electrical stimulation pulses with specific

pulse widths and pulse amplitudes. For example, the processing module 2 0 may cause the

pulse generator module 204 to adjust the pulse width and/or the pulse amplitude of electrical

stimulation pulses if the electrical stimulation pulses are not effectively capturing the heart (e.g.

RV or LV capture). Such control of the specific parameters of the various electrical stimulation

pulses may help the LCP 200 provide more effective delivery of electrical stimulation therapy.

[00082] In some embodiments, the processing module 210 may further control the

communication module 202 to send information to other devices. For example, the processing

module 2 0 may control the communication module 202 to generate one or more communication

signals for communicating with other devices of a system of devices. For instance, the

processing module 210 may control the communication module 202 to generate communication

signals in particular pulse sequences, where the specific sequences convey different information.

The communication module 202 may also receive communication signals for potential action by

the processing module 210.

[00083] In further embodiments, the processing module 210 may control switching circuitry

by which the communication module 202 and the pulse generator module 204 deliver

communication signals and/or electrical stimulation pulses to tissue of the patient. As described

above, both the communication module 202 and the pulse generator module 204 may include

circuitry for connecting one or more of the electrodes 214, 214' and/or 214" to the

communication module 202 and/or the pulse generator module 204 so those modules may

deliver the communication signals and electrical stimulation pulses to tissue of the patient. The

specific combination of one or more electrodes by which the communication module 202 and/or

the pulse generator module 204 deliver communication signals and electrical stimulation pulses

may influence the reception of communication signals and/or the effectiveness of electrical

stimulation pulses. Although it was described that each of the communication module 202 and

the pulse generator module 204 may include switching circuitry, in some embodiments, the LCP

200 may have a single switching module connected to the communication module 202, the pulse

generator module 204, and the electrodes 214, 214' and/or 214". In such embodiments,

processing module 2 0 may control the switching module to connect the modules 202/204 and



the electrodes 214/2147214" as appropriate. In some cases, the LV electrode 214" may also be

coupled to the switching module and may be used for communication.

|00084] In some embodiments, the processing module 2 0 may include a pre-programmed

chip, such as a very -large-scale integration (VLSI) chip or an application specific integrated

circuit (ASIC). In such embodiments, the chip may be pre-programmed with control logic in

order to control the operation of the LCP 200. By using a pre-programmed chip, the processing

module 2 0 may use less power than other programmable circuits while able to maintain basic

functionality, thereby potentially increasing the battery life of the LCP 200. In other instances,

the processing module 2 0 may include a programmable microprocessor or the like. Such a

programmable microprocessor may allow a user to adjust the control logic of the LCP 200 after

manufacture, thereby allowing for greater flexibility of the LCP 200 than when using a pre

programmed chip. In still other embodiments, the processing module 2 0 may not be a single

component. For example, the processing module 210 may include multiple components

positioned at disparate locations within the LCP 200 in order to perform the various described

functions. For example, certain functions may be performed in one component of the processing

module 210, while other functions are performed in a separate component of the processing

module 2 0.

[00085] The processing module 210, in additional embodiments, may include a memory

circuit and the processing module 210 may store information on and read information from the

memory circuit. In other embodiments, the LCP 200 may include a separate memory circuit (not

shown) that is in communication with the processing module 210, such that the processing

module 2 0 may read and write information to and from the separate memory circuit. The

memory circuit, whether part of the processing module 210 or separate from the processing

module 210, may be volatile memory, non-volatile memory, or a combination of volatile

memory and non-volatile memory.

[00086] The energy storage module 2 may provide a power source to the LCP 200 for its

operations. In some embodiments, the energy storage module 212 may be a non-rechargeable

lithium-based battery. In other embodiments, the non-rechargeable battery may be made from

other suitable materials. In some embodiments, the energy storage module 2 may be

considered to be a rechargeable power supply, such as but not limited to, a rechargeable battery.

In still other embodiments, the energy storage module 212 may include other types of energy



storage devices such as capacitors or super capacitors. In some cases, as will be discussed, the

energy storage module 212 may include a rechargeable primary battery and a non-rechargeable

secondary battery. In some cases, the primary battery and the second battery, if present, may

both be rechargeable.

[00087] To implant the LCP 200 inside a patient's body, an operator (e.g., a physician,

clinician, etc.), may fix the LCP 200 to the cardiac tissue of the patient's heart. To facilitate

fixation, the LCP 200 may include one or more anchors 216. The one or more anchors 216 may

include any number of fixation or anchoring mechanisms. For example, one or more anchors

2 6 may include one or more pins, staples, threads, screws, helix, tines, and/or the like. In some

embodiments, although not shown, one or more anchors 2 6 may include threads on its external

surface that may run along at least a partial length of an anchor member. The threads may

provide friction between the cardiac tissue and the anchor to help fix the anchor member within

the cardiac tissue. In some cases, the one or more anchors 216 may include an anchor member

that has a cork-screw shape that can be screwed into the cardiac tissue. In other embodiments,

the anchor 216 may include other structures such as barbs, spikes, or the like to facilitate

engagement with the surrounding cardiac tissue.

[00088] Figure is a flow diagram showing an illustrative method 300 for facilitating dual

chamber cardiac pacing. In some cases, and as shown at block 302, the method 300 includes

advancing an IMD (such as but not limited to the IMD 20, the IMD 50 and/or the IMD 90) to a

position proximate a first side of a septum of the heart, the IMD including a housing and two

first chamber electrodes disposed relative to the housing, the IMD further including a second

chamber electrode and an electrode position adjustment assembly with a coupling for adjusting a

position of the second chamber electrode relative to the housing. As seen at block 304, an

adjustment tool may be mated to the coupling of the electrode position adjustment assembly.

The adjustment tool may be manipulated to move the coupling relative to the housing to adjust

the position of the second chamber electrode relative to the housing as seen at block 306. As

indicated at block 308, a fixation mechanism may be deployed to secure the IMD relative to the

septum.

[00089] Figure 2 is a flow diagram showing an illustrative method 3 0 for facilitating dual

chamber cardiac pacing. In some cases, and as shown at block 302, the method 300 includes

advancing an IMD (such as but not limited to the IMD 20, the IMD 50 and/or the IMD 90) to a



position proximate a first side of a septum of the heart, the IMD including a housing and two

first chamber electrodes disposed relative to the housing, the IMD further including a second

chamber electrode and an electrode position adjustment assembly with a coupling for adjusting a

position of the second chamber electrode relative to the housing. As seen at block 304, an

adjustment tool may be mated to the coupling of the electrode position adjustment assembly.

The adjustment tool may be manipulated to move the coupling relative to the housing to adjust

the position of the second chamber electrode relative to the housing as seen at block 306.

[00090] In some cases, and as indicated at block 3 2, the method 310 may include testing for

capture of the heart. In some cases, the IMD may be at a good location for capture of the heart.

In some cases, the initial placement may not yield good capture, and the IMD may be moved to a

different position, as indicated at block 314. As shown at block 316, the method 310 may

include testing again for capture. In some cases, this may be an iterative process. Once a

location with good capture has been found, and as indicated at block 308, a fixation mechanism

may be deployed to secure the IMD relative to the septum.

[00091] Figure 3 is a flow diagram showing an illustrative method 3 8 for facilitating dual

chamber cardiac pacing. In some cases, and as shown at block 302, the method 300 includes

advancing an IMD (such as bu not limited to the IMD 20, the IMD 50 and/or the IMD 90) to a

position proximate a first side of a septum of the heart, the IMD including a housing and two

first chamber electrodes disposed relative to the housing, the IMD further including a second

chamber electrode and an electrode position adjustment assembly with a coupling for adjusting a

position of the second chamber electrode relative to the housing. As seen at block 304, an

adjustment tool may be mated to the coupling of the electrode position adjustment assembly.

The adjustment tool may be manipulated to move the coupling relative to the housing to adjust

the position of the second chamber electrode relative to the housing as seen at block 306.

[00092] In some cases, and as indicated at block 320, the method 3 8 may include testing for

capture of the heart with the second chamber electrode disposed at a first distance relative to the

housing (alternatively, at a first penetration distance into the septum). In some cases, the

electrode may be at a good depth for capture of the heart. In some cases, the initial depth may

not yield good capture, and the electrode may be moved to a different position relative to the

housing (or a different penetration depth), as indicated at block 322. As shown at block 324, the

method 8 may include testing again for capture. In some cases, this may be an iterative



process. Once a location with good capture has been found, and as indicated at block 308, a

fixation mechanism may be deployed to secure the IMD relative to the septum.

[00093] In some cases, rather than extending or retracting a single electrode within the

septum, the IMD may include a plurality of second chamber electrodes on the outer shaft being

extended into the septum. In these cases, rather than moving a single electrode deeper into the

septum, or partially withdrawing the single electrode from the septum, each of a series of

individually addressable electrodes can be tested for capture.

[00094] It should be understood that this disclosure is, in many respects, only illustrative.

Changes may be made in details, particularly in matters of shape, size, and arrangement of steps

without exceeding the scope of the disclosure. This may include, to the extent that it is

appropriate, the use of any of the features of one example embodiment being used in other

embodiments.



What is claimed is:

1. An implantable medical device (IMD) configured for deployment at a ventricular

septum of a patient's heart, the ventricular septum of the patient's heart having a right ventricle

(RV) facing side and a left ventricle (LV) facing side, the IMD comprising:

a housing having a proximal end and a distal end, the housing configured to be positioned

at least in part in the right ventricle (RV) of the patient's heart with the distal end of the housing

proximate the RV facing side of the ventricular septum once the IMD is implanted in the

patient's heart;

a power source disposed within the housing;

circuitry disposed within the housing and operatively coupled to the power source;

a first RV electrode adjacent the distal end of the housing and positioned to be facing the

RV facing side of the ventricular septum once the IMD is implanted, the first RV electrode

operatively coupled with the circuitry in the housing;

a second RV electrode spaced proximally of the first RV electrode, the second RV

electrode operatively coupled with the circuitry in the housing;

an LV electrode positioned distally of the first RV electrode and at least partially in the

ventricular septum once the IMD is implanted, the LV electrode operatively coupled with the

circuitry in the housing; and

an LV electrode position adjustment assembly for adjusting a distance that the LV

electrode is positioned distally of the first RV electrode, wherein the LV electrode position

adjustment assembly comprises a coupling secured relative to the housing, wherein the coupling

is configured to mate with a separate adjustment tool that can move the coupling relative to the

housing to adjust the distance that the LV electrode is positioned distally of the first RV

electrode.

2, The IMD of claim , wherein the LV electrode position adj ustment assembly

comprises a fixation helix extending distally from the housing, with the LV electrode positioned

on the fixation helix, the fixation helix including a proximal shaft portion extending through a

lumen of the housing and terminating in the coupling such that rotating the coupling rotates the



fixation helix relative to the housing and causes the fixation helix to thread itself into the

ventricular septum.

3 . The IMD of claim , wherein the LV electrode position adjustment assembly

comprises:

an inner shaft operatively coupled to the coupling; and

an outer shaft threadedly engaged with the inner shaft and configured to not rotate

relative to the housing, wherein rotation of the inner shaft via the coupling results in translation

of the outer shaft relative to the housing, wherein the LV electrode is secured relative to the outer

shaft and translates with the outer shaft.

4 . The IMD of claim 3, wherein at least a portion of the outer shaft has a cross-

sectional profile that engages a complementary engagement portion of the housing to prevent

rotation of the outer shaft relative to the housing.

5 . The IMD of any one of claims 1 to 4, wherein the coupling comprises a rotatable

tether loop coupled to a proximal end of the inner shaft, such that rotating the rotatable tether

loop rotates the inner shaft relative to the outer shaft, thereby causing the outer shaft to translate

in response.

6 . The IMD of any one of claims 1 to 5, further comprising a spring contact disposed

within the housing and operably coupled with the circuitry, the spring contact making sliding

electrical contact with a portion of the outer shaft that is electrically coupled with the LV

electrode.

7 . The IMD of any one of claims 2 to 6, further comprising one or more fixation

tines that are configured to extend into the ventricular septum and curve over to anchor the IMD

in place relative to the ventricular septum.

8 . The IMD of any one of claims 1 to 7, wherein the power source comprises a

battery.



9 . The IMD of any one of claims 1 to 8, wherein the IMD comprises a dual chamber

leadless cardiac pacemaker (LCP).

0 . An implantable medical device (IMD) configured for deployment within a heart

chamber of a patient's heart, near a septum of the patient's heart, the septum of the patient's

heart having a first chamber facing side facing the heart chamber and a second opposing

chamber facing side, the IMD comprising:

a housing configured to be positioned at least in part in the heart chamber proximate the

first chamber facing side of the septum once the IMD is implanted in the patient's heart;

a power source disposed within the housing;

circuitry disposed within the housing and operatively coupled to the power source;

one or more first chamber electrodes fixed relative to the housing and positioned to be

proximate the first chamber facing side of the heart chamber once the IMD is implanted, the one

or more first chamber electrodes operatively coupled with the circuitry in the housing;

a lumen defined by the housing;

an outer shaft that extends through the lumen and is translatable relative to the lumen;

a second chamber electrode disposed at or near a distal end of the outer shaft, the second

chamber electrode operably coupled with the circuitry disposed within the housing; and

an inner shaft threadedly engaged with the outer shaft such that the inner shaft may be

rotated relative to the outer shaft in order to effect translation of the outer shaft relative to the

housing, the outer shaft translatable between a retracted position in which the second chamber

electrode is proximate the first chamber facing side of the septum and an extended position in

which the second chamber electrode extends at least partially into the septum.

. The IMD of claim 0, wherein at least a portion of the outer shaft has a cross-

sectional profile that engages a complementary engagement portion of the housing to prevent

rotation of the outer shaft relative to the housing.

12. The IMD of any one of claims 10 or , wherein the inner shaft extends

proximal ly through the lumen and terminates in coupling such that rotating the coupling rotates

the inner shaft relative to the outer shaft.



3 . The IMD of any one of claims 10 to 1 , further comprising one or more fixation

tines that are configured to extend into the septum and curve over to anchor the IMD in place

relative to the septum.

4 . The IMD of any one of claims 0 to 13, further composing a spring contact

disposed within the housing and operabiy coupled with the circuitry, the spring contact making

sliding electrical contact with a portion of the outer shaft that is electrically coupled with the

second chamber electrode.

5. The IMD of any one of claims 10 to 14, wherein the IMD comprises a dual

chamber leadless cardiac pacemaker (LCP).
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