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INTERVENTIONAL MEDICAL SYSTEMS

FIELD OF THE DISCLOSURE

The present disclosure pertains to interventional medical systems, and, more

particularly, to relatively compact implantable medical devices and delivery tools

thereof.

BACKGROUND

The traditional implantable cardiac pacemaker includes a pulse generator

device to which one or more flexible elongate lead wires are coupled. The device is

typically implanted in a subcutaneous pocket, remote from the heart, and each of the

one or more lead wires extends therefrom to a corresponding electrode, coupled

thereto and positioned at a pacing site, either endocardial or epicardial. Mechanical

complications and/or MRI compatibility issues, which are sometimes associated with

elongate lead wires and well known to those skilled in the art, have motivated the

development of implantable cardiac pacing devices that are wholly contained within

a relatively compact package, the entirety of which is configured for implant in close

proximity to a pacing site. Such a relatively compact intra-cardiac device configured

for dual chamber pacing may be implanted as shown in the schematic diagram of

Figure 1. Figure 1 illustrates a dual chamber intra-cardiac pacing device including a

first portion 10 implanted in a right ventricle RV of a heart, in proximity to an apex

thereof, and a second portion 20 implanted in a right atrium RA of the heart, within

an appendage 102 thereof. Figure 1 further illustrates the device including a leadlet

12 that connects first portion 10 to second portion 20. There is a need for improved

interventional medical systems facilitating the implant of relatively compact intra

cardiac dual chamber pacing devices like that illustrated in Figure 1.

BRIEF SUMMARY

According to embodiments disclosed herein, an implantable medical device

includes a ventricular portion, which has an electrode and a fixation mechanism,

both mounted in proximity to a distal end of a hermetically sealed housing of the

ventricular portion, an atrial portion, which has a core extending from a first end

thereof to a second end thereof, along a longitudinal axis of the atrial portion, and a



flexible leadlet that extends from a proximal end of the ventricular portion housing to

the first end of the atrial portion core, the leadlet being coupled to an atrial electrode

mounted in proximity to the second end of the core; wherein the atrial portion

includes an open channel formed along the core thereof, the open channel

extending between the first and second ends of the core and being sized to receive

the leadlet therein, when the leadlet is folded over on itself.

According to some embodiments, a plurality of elastically deformable tines

form a fixation mechanism of the atrial portion and are fixedly mounted to the core,

being spaced apart from one another around a perimeter of the core. Each tine

preferably includes: a proximal, spring portion being fixedly attached to the atrial

portion core and having a spring-biased pre-formed curvature, the pre-formed

curvature, in proximity to the core, extending in a first direction, generally parallel to

the axis of the atrial portion, and then sweeping laterally, outward from the axis; and

a distal portion including a proximal section, a hook section, and tip section

terminated by a rounded free distal end, the proximal section extending from the

proximal, spring portion and being pre-formed to extend in a second direction and

along a relatively straight line to the hook section, the proximal section being

oriented, by the spring-biased pre-formed curvature of the proximal, spring portion,

so that the second direction is generally opposite the first direction, and the relatively

straight line intersects the axis at an acute angle of between about 30 degrees and

about 50 degrees, the hook section having a deformable pre-formed curvature that

extends from the proximal section back toward the axis of the atrial portion, the tip

section being pre-formed to extend along a relatively straight line from the hook

section to the rounded free distal end, and the tip section being oriented, by the pre-

formed curvature of the hook section, when un-deformed, to extend toward the axis

of the atrial portion, such that the tip section and the proximal section enclose an

angle in a range from about 90 degrees to about 120 degrees; and wherein, when

the atrial portion of the device is loaded within a tubular sidewall of a delivery tool, so

that the rounded free distal end of each tine engages an inner surface of the

sidewall, to hold the proximal, spring portion of each tine in a spring-loaded

condition, each tip section of the distal portion extends away from the axis of the

atrial portion at an acute angle in a range from about 45 degrees to about 75

degrees for deployment of the corresponding rounded free distal end out from the



tool tubular sidewall; and upon deployment of the rounded free distal end of each

tine, the tip section of each distal portion rotates away from the axis to approach an

angle of 90 degrees, relative to the axis, in response to an initial release of the

spring-loaded condition of the corresponding proximal, spring portion.

The device may be included in an interventional medical system along with a

delivery tool that includes a tubular sidewall and a tether extending therein, the

tubular sidewall defining a lumen and having a slot formed therein, wherein the slot

extends proximally from an open end thereof, which is coincident with a distal

opening of the lumen. The device is loaded in the delivery tool such that the second

end of the atrial portion core faces the proximal end of the ventricular portion

housing, such that the atrial portion thereof is contained within the lumen with a

segment of the leadlet extending alongside the atrial portion, and with another

segment of the flexible leadlet being folded over on itself proximal to the atrial

portion, and such that the tether is engaged with the other segment of the leadlet at

a fold therein. The slot of the tool is configured to allow passage of the flexible

leadlet therethrough when the atrial portion is positioned in proximity to the distal

opening of the lumen for deployment from the tool.

BRIEF DESCRIPTION OF THE DRAWINGS

The following drawings are illustrative of particular embodiments of the

present invention and therefore do not limit the scope of the invention. The drawings

are not to scale (unless so stated) and are intended for use in conjunction with the

explanations in the following detailed description. Embodiments will hereinafter be

described in conjunction with the appended drawings wherein like numerals denote

like elements, and:

Figure 1 is a schematic diagram showing an exemplary dual chamber intra-cardiac

pacing device implanted in a right side of a heart;

Figure 2A is a plan view of a relatively compact dual chamber intra-cardiac pacing

device, according to some embodiments;

Figure 2B is a schematic section showing an atrial portion of the device of Figure 2A

implanted, according to some embodiments and methods;

Figure 3A is an elevation view of an exemplary fixation component which may be

employed by the atrial portion of the device, according to some embodiments;



Figure 3B is a perspective view of the component of Figure 3A, according to some

embodiments;

Figure 3C is a plan view of a portion of the component of Figures 3A-B, prior to

forming, according to some embodiments;

Figure 3D is a plan view of a portion of the component of Figures 3A-B, prior to

forming, according to some alternate embodiments;

Figure 4A is a plan view, with a partial cut-away section, of an interventional medical

system, according to some embodiments;

Figure 4B is a cross-section view through section line B-B of Figure 4A, according to

some embodiments;

Figure 5A is a schematic diagram of the system of Figure 4A advanced into a right

ventricle for deployment of a ventricular portion of the device of Figure 2A;

Figure 5B is a schematic diagram of a delivery tool of the system positioned in a right

atrium for deployment of the atrial portion of the device;

Figure 5C is a cross-section view through a distal end of a delivery tool of the

system, according to some embodiments;

Figure 6A is a schematic showing a spring loaded condition of the fixation

component of the atrial portion of the device, according to some embodiments;

Figure 6B is a schematic showing an initial release of the fixation component from

the spring loading shown in Figure 6A;

Figure 6C is a schematic showing rotation for initial penetration of the fixation

component after the initial release of Figure 6B;

Figure 6D is a schematic showing fixation component movement, subsequent to

initial penetration;

Figure 6E is a schematic showing fixation component movement, subsequent to

penetration;

Figure 6F is a schematic showing fixation component movement, subsequent to

penetration;

Figure 7A is a plan view of a distal portion of an alternate embodiment of a portion of

the system shown in Figure 4A

Figure 7B is an end view of the distal portion of Figure 7A;

Figure 8A is a plan view, with a partial cut-away section, of a portion of an

interventional medical system, according to some alternate embodiments;



Figure 8B is an end view of an inner assembly of a delivery tool of the system of

Figure 8A, according to some embodiments;

Figure 8C is an exemplary cross-section view through the inner assembly, according

to some embodiments;

Figure 8D is a plan view of the system of Figure 8A, according to some

embodiments;

Figures 8E-F are longitudinal cross-section views through portions of the system, the

general locations of which are indicated in Figure 8D, according to some

embodiments;

Figure 9A is a schematic diagram of the system of Figures 8A-E advanced into a

right ventricle for deployment of a ventricular portion of the device of Figure 2A,

according to some methods;

Figure 9B is a schematic diagram of a delivery tool of the system positioned in a right

atrium for deployment of the atrial portion of the device, according to some methods;

Figure 9C is a plan view, with a partial cut-away section, of a portion of the

interventional medical system of Figures 8A-E, according to some embodiments;

Figure 10A is a schematic diagram related to some retrieval methods with a delivery

tool described in conjunction with Figures 4A-B;

Figure 10B is a schematic diagram related to some retrieval methods with the

delivery tool described in conjunction with Figures 8A-F; and

Figure 11 is a schematic diagram related to an alternate deployment method.

DETAILED DESCRIPTION

The following detailed description is exemplary in nature and is not intended

to limit the scope, applicability, or configuration of the invention in any way. Rather,

the following description provides practical examples, and those skilled in the art will

recognize that some of the examples may have suitable alternatives.

Figure 2A is a plan view of a relatively compact dual chamber intra-cardiac

pacing device 1200, according to some embodiments. Figure 2A illustrates device

1200 including a ventricular portion 100, an atrial portion 200, and a flexible leadlet

120 that connects ventricular portion 100 to atrial portion 200 Ventricular portion

100 is shown including a hermetically sealed housing 105, preferably formed from a

biocompatible and biostable metal such as titanium, which contains a pulse



generator (e.g., a power source and an electronic controller - not shown), a plurality

of fixation tines 103, and an electrode 106, for example, being coupled to the pulse

generator by a conductor of an hermetic feedthrough assembly (not shown) that is

constructed according to methods known to those skilled in the art of implantable

medical devices. Housing 105 may be overlaid with an insulative layer, for example,

medical grade polyurethane, parylene, or silicone, and another electrode 107 may be

formed by removing a portion of the insulative layer to expose the metallic surface of

housing 105. According to the illustrated embodiment, electrode 106 may function

for bipolar pacing and sensing, in conjunction with electrode 107, when elastically

deformable fixation tines 103 hold electrode 106 in intimate tissue contact at a target

implant site, for example, within right ventricle RV as illustrated schematically in

Figure 1. Exemplary embodiments of fixation tines 103 are described in commonly

assigned United States Patent 9,155,882, which is hereby incorporated by reference

in its entirety.

With further reference to Figure 2A, atrial portion 200 includes a core 250 that

extends from a first end 201 thereof to a second end 202 thereof, along a

longitudinal axis 2 of atrial portion 200, and to which another electrode 206 is

mounted, in proximity to second end 202. Leadlet 120 is shown extending from a

proximal end 101 of device ventricular portion 100 to first end 201 of core 250.

According to the illustrated embodiment, a conductor 122 (Figure 4B) of leadlet 120,

which extends through another hermetic feedthrough assembly (not shown) of

ventricular portion 100, and within an insulative tubular member 121 of leadlet 120,

electrically couples the aforementioned pulse generator (contained within housing

105) to electrode 206. Conductor 122 may be formed by one or more wires, for

example, MP35N alloy known to those skilled in the art, in a coiled or cabled

configuration; and insulative tubular member 121 may be any suitable medical grade

polymer, for example, polyurethane, silicone rubber, or a blend thereof. Core 250

may be formed from any suitable medical grade polymer, such as, polyurethane,

silicone, polyethylene, or polyether ether ketone (PEEK), for example, being insert

molded around a shank (not shown) of electrode 206, to which conductor 122 is

coupled. According to an exemplary embodiment, a length of flexible leadlet 120,

from proximal end 101 of ventricular portion housing 105 to first end 201 of atrial

portion core 250 is in a range from about 15 cm to about 20 cm. It should be noted



that, according to some alternate embodiments, atrial portion 200 includes another

electrode mounted to core 250 and spaced apart from electrode 206, toward first end

201 , to provide bipolar pacing and sensing in right atrium RA. In this case, leadlet

120 includes a pair of conductors isolated from one another, to electrically couple

each atrial electrode to the pulse generator.

Figure 2A further illustrates atrial portion 200 including a plurality of elastically

deformable fixation tines 303 spaced apart around a perimeter of core 250 and being

fixedly mounted thereto, for example, via a base 301 to which each tine 303 is

joined, as described below in conjunction with Figures 3A-B. According to the

illustrated embodiment, elastically deformable fixation tines 303 hold electrode 206

of atrial portion 200 in intimate tissue contact at a target implant site within right

atrium RA, for example, as illustrated schematically in Figure 2B. In Figure 2A, one

of tines 303 is shown divided into first, second, and third segments S 1, S2, S3, each

of which is pre-formed into, and elastically deformable from, the illustrated shape

thereof. According to the illustrated embodiment, each first segment S 1 is fixedly

attached to core 250, and extends around a pre-formed curvature to the

corresponding second segment S2, which extends proximally along a relatively

straight line to the corresponding third segment S3. Figure 2A illustrates third

segment S3 extending around a pre-formed curvature to a free distal end 352 of tine

303.

Figure 2B is a schematic section showing atrial portion 200 of device 1200

implanted in right atrium RA, according to some embodiments and methods. With

reference to Figure 2B, a portion the right atrial wall, for example, in appendage 102

(Figure 1), is shown having a laminate structure that includes an inner layer of

pectinate muscle PM and an outer layer of visceral pericardium VP, which forms the

epicardial surface. Figure 2B illustrates atrial portion 200 secured at the implant site

by fixation tines 303 penetrating through the layer of pectinate muscle PM without

perforating through visceral pericardium VP, which could result in pericardial

effusion. Tines 303, according to embodiments disclosed herein, are configured for

spring-loaded release when atrial portion 200 of device 1200 is deployed out through

a distal opening of a delivery tool, for example, a distal opening 403 of a lumen 435

of a delivery tool 400 in an interventional medical system 1240 (Figures 4A-B), or a

distal opening 802 of a lumen 825 of a delivery tool 800 of a system 8280 (Figures



8A-E). In either case, upon release of the spring loading, tine free distal end 352

penetrates pectinate muscle PM without perforating visceral pericardium VP. It

should be noted that alternate suitable implant sites for embodiments of fixation

member tines described herein can be along any endocardial surface defined by

pectinate muscle PM. The spring-loaded release and exemplary methods for

deploying device 1200 are described below in conjunction with Figures 4A-B, 5A-B,

6A-F, 7A-B, 8A-E, and 9A-C. However, implantable medical devices having

alternative tine configurations, for example, those more suitable for fixation to

endocardial surfaces where pectinate muscle PM is not present, can be employed by

the systems and methods described below, and such systems and methods are not

outside the scope of the present invention.

Figures 3A-B are elevation and perspective views of a fixation component 300

that forms the fixation mechanism for atrial portion 200 of device 1200, according to

some embodiments. Figures 3A-B illustrate the aforementioned base 301 from

which a plurality of tines 303 extend, being spaced apart from one another around a

perimeter of base 301 . Tines 303 are shown in a relaxed, or pre-formed spring-

biased condition. In Figure 3A, a longitudinal axis 3 of component 300 is shown

being defined by base 301 such that, when base 301 is mounted around atrial

portion core 250, and a perimeter of component 300 extends around electrode 206,

axis 3 is generally aligned along longitudinal axis 2 of atrial portion 200 (Figure 2A).

With reference to Figure 3B, base 301 is shown including an inward bending

segment 310 directed toward axis 3 between each adjacent pair of tines 303. With

reference back to Figure 2A, when component 300 is mounted on core 250 of device

atrial portion 200, each of inward bending segments 310 may provide clearance for a

groove, or open channel 253 of atrial portion 200, which can be a molded feature of

core 250. Core 250 may be inserted molded around component 300, or component

300 may be snap fit, staked or bonded to a separately-molded core 250, according

to methods known in the art. (However, in some alternate embodiments, tines 303

may be individually mounted to core 250 without being integrated together by any

base.) Figure 2A illustrates channel 253 extending between first and second ends

201 , 202 of core 250. According to the illustrated embodiment, channel 253 is sized

to receive leadlet 120 therein, for example, to provide clearance for leadlet 120 to

extend alongside core 250 within delivery tool 400, as will be described below in



conjunction with Figures 4A-B. Although only one channel 253 is shown in Figure

2A, some embodiments of core 250 include a plurality of channels 253, for example,

one between each adjacent pairs of tines 303, as shown in Figure 4B.

Tines 303 are preferably formed from a super-elastic material, for example, a

Nickel-Titanium alloy (Nitinol). Fixation component 300 may be cut from a medical

grade Nitinol tubing that conforms to the chemical, physical, mechanical, and

metallurgical requirements of the ASTM F2063 standard, and has a wall thickness of

about 0.005 inch. In this case, tines 303 are integrally formed with base 301 and

each tine 303 may have a constant thickness t of 0.005 inch ± 0.001 inch. After

cutting the tubing, tines 303 and base 301 are formed into the configuration shown in

Figures 3A-B by holding each in the illustrated shape, while heat treating according

to methods known to those skilled in the art.

Figure 3A illustrates each tine 303 including a proximal, spring portion 33,

which corresponds to first segment S 1 of Figure 2A, and a distal portion 35, which

corresponds to second and third segments S2, S3 of Figure 2A, and which is

terminated by free distal end 352. Free distal end 352 is preferably rounded, as

shown in Figure 3A. Figure 3A further illustrates distal portion 35 including a

proximal section 35-P, a hook section 35-H, and a tip section 35-T. The shaped

configuration and width of each tine 303, along with the super-elastic stiffness

properties of Nitinol, provide a sufficient spring force and structural stiffness for tines

303 to engage tissue for the fixation of device atrial portion 200 at an implant site

when deployed by delivery tool 400 or delivery tool 800, as described in greater

detail below. With reference to Figure 3A, each tine 303 has a width w which is

preferably no less than about 0.02 inch, for example, being in a range from about

0.025 inch to about 0.032 inch. Such a width provides the aforementioned structural

stiffness, as well as a radiopaque density that facilitates fluoroscopic visualization

during and after the implant procedure.

With further reference to Figure 3A, according to the illustrated embodiment,

each proximal, spring portion 33 is fixedly attached to base 301 and has a spring-

biased pre-formed curvature, which, in proximity to the base, extends in a first

direction d 1 , generally parallel to axis 3 , and then sweeps laterally, outward from axis

3 to distal portion proximal section 35-P. Distal portion proximal section 35-P,

according to the illustrated embodiment, is pre-formed to extend in a second



direction d2 and along a relatively straight line (dashed line), being oriented, by the

spring-biased pre-formed curvature of proximal, spring portion 33, so that second

direction 62 is generally opposite first direction d 1 , and the relatively straight line

intersects axis 3 at an acute angle Θ. According to some embodiments, angle Θ is

between about 30 degrees and about 50 degrees. In an exemplary embodiment of

component 300, to be employed by an exemplary embodiment of device 1200 in

which atrial portion core 250 has an outer diameter of about 0.26 inch (20 French),

the spring-biased pre-formed curvature of each proximal, spring portion 33 is defined

by a single radius of 0.067 inch ± .010 inch; a distance A between base 301 and

each intersection of proximal, spring portion 33 and distal portion proximal segment

35-P is 0.092 inch ± 0.005 inch; a length of each distal portion proximal segment 35-

P is 0 .100 inch ± 0.005 inch; and angle Θ is about 45 degrees.

With further reference to Figure 3A, each distal portion hook section 35-H has

a deformable pre-formed curvature that extends from proximal, spring portion 33

back toward axis 3 . Figure 3A further illustrates tip section 35-T of distal portion 35

extending from hook section 35-H along a relatively straight line to rounded free

distal end 352. Tip section 35-T is shown oriented by the pre-formed curvature of

hook section 35-H, when un-deformed, to extend toward axis 3 , such that tip section

35-T and proximal section 35-P are shown enclosing an angle φ , which, according to

the illustrated embodiment, is no less than about 90 degrees, but can be up to about

120 degrees. In the aforementioned exemplary embodiment of component 300, the

deformable pre-formed curvature of each hook section 35-H, when un-deformed, is

defined by a single radius of about 0.05 inch; and a length of each tip section 35-T is

0.064 inch ± 0.005 inch.

Figures 3C-D are plan views of alternate tine embodiments prior to being

formed into the configuration of Figure 3A, wherein tine 303-105° of Figure 3C is

suitable for an exemplary component 300 in which angle φ is about 105 degrees,

and wherein tine 303-90° of Figure 3D is suitable for an exemplary component 300 in

which angle φ is about 90 degrees. With further reference to Figures 3C-D, an

exemplary width w of each tine 303 is 0.028 inch ± 0.001 inch, and, in the tine

embodiment of Figure 3C, rounded free distal end 352 of tine 303-105° has an

enlarged width defined by a diameter of 0.030 inch ± 0.001 inch.



Figure 4A is a plan view, with a partial cut-away section, of interventional

medical system 1240, according to some embodiments, which includes device 1200

(Figure 2A) and delivery tool, wherein device 1200 is shown loaded in delivery tool

400 for deployment; and Figure 4B is a cross-section view through section line B-B

of Figure 4A, according to some embodiments. Figure 4A illustrates tool 400

including a handle 410, an elongate outer member 430, and an elongate inner

member 420, which extends within lumen 435 of outer member 430, and around

which outer member 430 is slideably engaged, for example, via a control member

412 of handle 410, as described below. Figure 4A further illustrates inner member

420 including a distal end 422, which is configured to engage device atrial portion

200 by abutting first end 201 of core 250. An entirety of device 1200 is shown

loaded within a tubular sidewall 432 of outer member 430 that defines a distal portion

of outer member lumen 435. With reference back to Figure 2A, prior to loading

device 1200 into delivery tool 400, atrial portion 200 is reoriented relative to

ventricular portion 100 by bending leadlet 120, per arrow B, so that a first segment

12-1 of leadlet 120 extends within open channel 253 of core 250, so that a second

segment 12-2, folded over on itself, extends within distal end 422 of inner member

420, and so that tines 303 are adjacent ventricular portion proximal end 101 . To

load device 1200 into tool 400, the operator may employ a tether 480 of tool 400

(seen in Figure 4A) by engaging tether 480 around leadlet 120 at a zone 124 (Figure

2A) that coincides with the aforementioned fold per arrow B. According to the

illustrated embodiment, opposing lengths of tether 480 extend within lumens 425 of

inner member 420 so that tether 480 loops around leadlet 120 for engagement

therewith, and proximal ends 481 of the tether lengths protrude from a proximal port

opening 415 of delivery tool 400, where an operator may grasp them. The

operator may pull ends 481 of tether 480, to draw folded segment 12-2 of leadlet 120

in through a distal opening 403 of lumen 435, followed by atrial portion 200, with core

first end 201 leading, and then followed by ventricular portion 100. Figure 4A

illustrates tether 480 looped around zone 124 such that folded second segment 12-2

of leadlet 120 extends within distal end 422 of inner member 420, when device 1200

is loaded in delivery tool 400, and, with reference to Figure 4B, first segment 12-1 of

leadlet 120 can be seen extending in one of a plurality of channels 253 of core 250,

according to some embodiments. It should be noted that a snare-type tool, such as



is known to those skilled in the art, may be employed in lieu of tether 480, such that

the term "tether" may broadly refer to such a snare. According to the illustrated

embodiment, an inner surface 42 of tubular sidewall 432 first engages fixation tines

303 of atrial portion 200, and then ventricular portion tines 103, as device 1200 is

pulled into lumen 435, to deform each set of tines 103, 303, per arrows D 1 and D2

(Figure 2A), respectively, and to hold tines 103, 303 of the loaded device 1200 in a

spring-loaded condition, for example, as shown in Figure 4A. According to the

above-described exemplary embodiments of fixation tines 303, when atrial portion

core 250 and ventricular portion housing 105 are each sized to an outer diameter of

about 0.26 inch (20 French), a diameter of lumen 435, defined by inner surface 42, is

about 0.28 inch (21 French). In alternate embodiments, described below, starting

with Figure 8A, an implantable device includes an atrial portion that is downsized

relative to the ventricular portion.

With further reference to Figure 4A, a proximal end of outer member 430 is

coupled to control member 412 of handle 410 such that an entirety of outer member

430 is movable with respect to inner member 420, via control member 412; thus, an

operator may retract outer member 430, per arrow W, relative to device 1200 and

inner member 420, to deploy device 1200 out through distal opening 403. According

to the illustrated embodiment, and with reference back to Figure 1, the operator first

deploys ventricular portion 100 of device 1200 at an implant site in right ventricle RV

of the patient, and then deploys atrial portion 200 at an implant site in right atrium RA

of the patient.

Figure 5A is a schematic diagram of system 1240 within right ventricle RV,

after the operator has deployed ventricular portion 100. According to some methods,

the operator deploys ventricular portion 100 by advancing system 1240 through a

venous system of the patient, for example, from a femoral venous access site and up

through an inferior vena cava IVC of the patient into right atrium RV and across the

tricuspid valve into right ventricle RV, until a distal end 43 of delivery tool 400 abuts

the target implant site. With distal end 43 abutting the implant site, the operator

applies a push force through tool 400 while retracting outer member 430, as

described above, to release fixation tines 103 of ventricular portion 100 out through

distal opening 403 for engagement with tissue at the implant site. With reference

back to Figure 4A, the abutment of inner member 420 against first end 201 of core



250 of device atrial portion 200, and the abutment of tine tip sections 35-T of atrial

portion 200 against proximal end 101 of device ventricular portion 100 together apply

pressure to stabilize ventricular portion 100 as the operator withdraws outer member

430. With reference to Figure 5A, once fixation tines 103 of ventricular portion 100

are completely released from the spring-loaded condition, for full engagement with

tissue at the implant site, the operator withdraws, per arrow E , delivery catheter 400,

with atrial portion 200 still contained therein, back into right atrium RA, while first

segment 12-1 and second segment 12-2 of leadlet 120 slide through channel 253 of

atrial portion core 250 and out through distal opening 403 of outer member 430.

Figure 5B is a schematic diagram of delivery tool 400 positioned in right

atrium RA for deployment of device atrial portion 200. Figure 5B illustrates distal

opening 403 of outer member 430 directed into atrial appendage 102 where the

operator will abut distal end 43 against pectinate muscle PM (Figure 2B) and apply a

push force through delivery tool 400 prior to retracting outer member 430, relative to

inner member 420 and atrial portion 200, to release the spring loading of fixation

tines 303 for engagement with pectinate muscle PM at the implant site, as shown in

Figure 2B. Figure 5C is a cross-section view through distal end 43 of delivery tool

400 showing atrial portion 200 positioned for deployment. With reference to Figure

5C, it may be appreciated that tether 480 was free to move distally, as the operator

retracted delivery tool 400 from right ventricle RV into right atrium RA, and leadlet

first and second segments 12-1 , 12-2 slid out through distal opening 403. Figure 5C

illustrates a third segment 12-3 of leadlet extending within channel 253 of core 250,

and distal portion tip section 35-T of spring-loaded tines 303 located in close

proximity to distal opening 403. (Leadlet third segment 12-3 is also shown in Figure

2A, for reference.) The spring loaded condition of tines 303 is described in greater

detail below, in conjunction with Figure 6A.

Delivery tool 400 may include articulating features to facilitate the above-

described navigation. For example, inner member 420 of delivery tool 400 may

include a pull wire assembly (not shown) integrated therein. With reference back to

Figure 4A, the pull wire assembly may be coupled to another control member 4 11 of

handle 410 that, when moved per arrow A , causes inner member 420 and outer

member 430 to bend along distal portions thereof. A length of outer member 430,

between handle 410 and distal opening 403, when outer member 430 is in the



position shown in Figure 4A, may be about 110 cm, for example, to reach into the

right ventricle RV from the femoral access site. Suitable construction detail for a

delivery tool like tool 400 is described in co-pending and commonly assigned U.S.

Patent Application 2015/0094668, Serial No. 14/039,937 (Atty. Docket No.

C00005393.USU1 ; filed on September 27, 2013), the description of which is hereby

incorporated by reference. However, it should be noted that, according to some

alternative embodiments and methods, delivery tool 400 may be configured so that

an operator can move inner member 420 relative to outer member 430 to deploy one

or both of ventricular and atrial portions 100, 200 of device 1200 out through distal

opening 403, and, in these embodiments, inner member 420 and/or outer member

430 may include a pull wire assembly to facilitate navigation.

Figures 6A-F are schematics outlining a sequence of events corresponding to

the release of the spring loading for above-described embodiments of fixation tines

303 for device atrial portion 200. (Although the schematics show tines 303 integrally

formed with base 301 , as in above-described embodiments of component 300, it

should be understood that the sequence of events in Figures 6A-F may also apply to

alternate embodiments in which tines 303 are not integrally formed with base 301 .)

Figure 6A illustrates a maximum deformation of tines 303 when held in the spring-

loaded condition by the engagement of rounded free distal end 352 with inner

surface 42 of outer member tubular sidewall 432, wherein proximal, spring portion 33

becomes relatively straightened, and a location of the maximum principle strain

along each tine 303 is in relatively close proximity to base 301 (designated by

dashed-line circle). With reference back to Figure 3A, the aforementioned

exemplary length of distal portion tip section 35-T and the aforementioned

associated angle φ (no less than 90 degrees) help to keep the deformed tines 303

from touching one another within lumen 435 and to prevent free distal ends 352 from

being pulled proximally, per arrow P, when outer member 430 is retracted to release

the spring loading of tines 303. Figure 6A further illustrates tip section 35-T

extending away from axis 3 at an acute angle δ , which is preferably in a range from

about 45 degrees to about 75 degrees for an initial release of the spring loading of

each tine 303, upon retraction of outer member 430, as depicted in Figure 6B. With

reference to Figure 6C, once free distal end 352 is released from engagement with

inner surface 42 for deployment into tissue at the implant site, the spring force of



proximal, spring portion 33 and the pre-formed curvature of distal portion hook

section 35-T cause distal portion tip section 35-T to immediately rotate away from

axis 3 to an angle ττ , which approaches 90 degrees, so that tip section 35-T is

oriented approximately normal to axis 3 for initial penetration of pectinate muscle

PM. Thus each tine free distal end 352 is deployed in a direction toward pectinate

muscle PM that ultimately prevents tines 303 from perforating the underlying visceral

pericardium VP (reference Figure 2B). Figures 6D-F illustrates the subsequent

movement of tines 303, being driven by the release of proximal, spring portion 33

from the spring loading. According to the illustrated embodiment, this release of

proximal, spring portion 33 causes free distal end 352, after penetrating through

pectinate muscle PM in a first direction, at a first location P 1 , to penetrate back

through in an opposite direction, at a second location P2, so that device 20 may be

securely fixed at the implant site, as illustrated in Figure 2B.

The configuration of tine distal portion 35, for example, embodied by the

aforementioned exemplary lengths of proximal section 35-P and tip section 35-T,

and the pre-formed curvature of hook section 35-H, provide a structural stiffness and

reach to each tine 303 that is sufficient for deformation and subsequent penetration

of free distal end 352 through pectinate muscle PM, as shown in Figure 2B, but is

not sufficient for penetration through visceral pericardium VP. Even if the operator

ends up advancing the system into appendage 102 so that distal opening 403 of tool

400 abuts visceral pericardium VP, between folds of pectinate muscle PM, free distal

end 352, according to this configuration of tines 303, is not backed-up by sufficient

stiffness to penetrate through visceral pericardium VP, so tip section 35-T of tine

distal portion 35 is redirected, laterally, toward pectinate muscle PM.

It should be noted that an operator may employ fixation component 300 to

secure atrial portion 200 in atrial appendage 102 in an alternative fashion, wherein

tines 303 are fully released from the spring-loaded condition without engaging any

tissue (Figure 6F), and then atrial portion 200 is advanced to the implant site so that

tines 303 wedge between opposing surfaces of pectinate muscle PM within atrial

appendage 102.

With reference back to Figures 2A-B, according to some embodiments, for

example, in order to assure intimate contact of electrode 206 with tissue, when

fixation component 300 secures atrial portion 200 at a target implant site, electrode



206 is spaced distally apart from second end 202 of atrial portion core 250 by a

distance along longitudinal axis 2 . Electrode 206 may be approximately flush with

an intersection between proximal, spring portion 33 and distal portion 35, or spaced

distally apart from the intersection by a distance X that may be up to about 2 mm, as

depicted in Figure 2A.

With reference back to Figure 5C, the position of leadlet 120, in proximity to

distal opening 403 of delivery tool 400, may interfere with tines 303, when tip

segments 35-T thereof are positioned for release out through distal opening 403.

Figures 7A-B are a plan view and an end view of a distal portion of tool 400 including

an alternate embodiment outer member 730 (in lieu of outer member 430), in which

a slot 73-S is formed in a sidewall 732 of outer member 730. Sidewall 732, similar to

sidewall 432 of outer member 430, defines a lumen 735 of outer member 730, in

which inner member 420 is slideably engaged, and which has a distal portion sized

to contain device 1200 in a similar fashion to that described above for lumen 435 of

outer member 430 (Figure 4A). Figure 7A illustrates slot 73-S extending proximally

from an open end thereof, which coincides with a distal opening 703 of lumen 735.

Figures 7A-B illustrate leadlet 120 passing laterally out through slot 73-S, when tip

segments 35-T of tines 303 are positioned in proximity to distal opening 703, for

example, after ventricular portion 100 has been deployed. According to the

illustrated embodiment, slot 73-S allows leadlet 120 to move laterally away from

tines 303 of atrial portion 200 prior to the deployment of atrial portion 200 out through

distal opening 703, for example, to prevent leadlet 120 from becoming trapped

against tissue at the implant site when tines 303 are released from spring loading for

engagement with the tissue.

Device 1200 may be loaded into outer member 730 in a similar fashion to that

described above for loading device 1200 into outer member 430. But, with further

reference to Figure 7B, it may be appreciated that care must be taken when drawing

atrial portion 200 into lumen 735 through distal opening 703, to load device 1200 into

outer member 730, so that none of tines 303 catch in slot 73-S, and so free distal

end 352 of each tine tip segment 35-T rests against a location on an inner surface 72

of sidewall 732 that is circumferentially offset from slot 73-S.

According to some alternate embodiments, atrial portion 200 of device 1200

may be downsized relative to ventricular portion 100 of device 1200, and included



with delivery tool 800 in a system 8280, portions of which are shown in Figures 8A-F.

Figure 8A illustrates such a device 1200 prior to loading into delivery tool 800; and

Figures 8D-F illustrate system 8280 with device 1200 loaded in delivery tool 800.

Delivery tool 800 includes an elongate outer member 830 and an inner assembly

850. Inner assembly 850, which is slideably engaged within a lumen 835 of outer

member 830 (Figures 8D-F), is shown protruding distally from a distal opening 803 of

lumen 835 in Figure 8A. Figure 8A further illustrates inner assembly 850 including

an elongate inner member 820, an elongate sheath 810, which is slideably engaged

within lumen 825 of inner member 820, and a tether 880, which is engaged with

leadlet 120 of device 1200, being looped thereabout. According to the illustrated

embodiment, sheath 8 10 includes side-by-side longitudinally extending lumens 815

that have openings located at a distal-facing surface 8 1 of sheath 8 10 , and opposing

lengths of tether 880 extend within lumens 815 of sheath 8 10 to form the loop that

engages leadlet 120 in proximity to distal-facing surface 8 1 ; and proximal ends 881

of these tether lengths, which may be seen in Figure 8D, protrude from a proximal

port opening of delivery tool 800 where an operator may grasp them. With further

reference to Figure 8A, in conjunction with Figure 2A, leadlet 120 is folded over on

itself along third segment 12-3 for engagement with the loop of tether 880, for

example, such that the bend thereof that is engaged by the tether loop is spaced

about one inch apart from first end 201 of atrial portion core 250. According to the

illustrated embodiment, tether 880 together with sheath 810 may be employed to pull

atrial portion 200 of device 1200, per arrow Q , into lumen 825 of inner member 820

so that atrial portion 200 is contained in lumen 825 and tines 303 of atrial portion 200

are spring-loaded, as shown in Figure 8F, with free distal ends 352 of tip segments

35-T resting against an inner surface 823 of a sidewall 822 of inner member 820 that

defines lumen 825. Subsequently, after sheath 810 has been pulled proximally

within lumen 825 of inner member 820, until leadlet 120 is contained therein and a

distal end 82 of inner member 820 abuts proximal end 101 of ventricular portion

housing 105, outer member 830 may be advanced relative to inner assembly 850 so

that a distal end 83 of outer member 830 contains ventricular portion 100 of device

1200, as shown in Figure 8E. It should be noted that tether 880 and sheath 810

may be in the form of any suitable snare-type tool, known to those skilled in the art.



Figure 8A further illustrates sidewall 822 of inner member 820 having a slot

82-S formed therein along distal end 82 thereof, wherein slot 82-S extends

proximally from an open end thereof, which coincides with a distal opening 802 of

lumen 825. Slot 82-S, similar to slot 73-S described above for outer member 730,

allows leadlet 120 to move laterally away from tines 303 of atrial portion 200 prior to

the deployment of atrial portion 200 out through distal opening 802, for example, to

prevent leadlet 120 from becoming trapped against tissue at the implant site when

tines 303 are released from spring loading for engagement with the tissue. The

deployment of atrial portion 200, according to some methods, is described below in

conjunction with Figure 9B.

It may be appreciated that care must be taken, when drawing atrial portion

200 into lumen 825 through distal opening 803, so that none of tines 303 catch in

slot 73-S. Thus, with reference to Figure 8B, which is an end view of inner assembly

850, an orientation guide for atrial portion 200 may be included in inner assembly

850. Figure 8B illustrates the loop of tether 880 spanning lumens 815 and extending

over a groove 8 11, which is formed in distal-facing surface 8 1 of sheath 810 as the

orientation guide. According to the illustrated embodiment, groove 8 11 is sized to

receive third segment 12-3 of leadlet 120, so that, by positioning folded third

segment 12-3 in groove 8 1 1, the operator can orient atrial portion 200 with tines 303

circumferentially offset from slot 82-S, when pulling atrial portion 200 into distal end

82 of inner member 820. (The resulting position of tines is shown with dashed lines

in Figure 8B.) In some embodiments, an outer surface of sheath 810 may interlock

with inner surface 823 of inner member 820, for example, via an optional interlocking

spline configuration shown in the exemplary cross-section of Figure 8C, to keep

sheath 810 and member 820 in a predetermined circumferential orientation with

respect to one another, for example, the orientation shown in Figure 8B.

With further reference to Figure 8D, general relative locations of ventricular

portion 100 and atrial portion 200 are indicated when device 1200 is loaded into

delivery tool 800 for deployment, for example, being spaced about 15 cm to 20 cm

apart from one another, which corresponds to the aforementioned exemplary length

of flexible leadlet 120. Figures 9A-C outline some exemplary methods for deploying

device 1200 from delivery tool 800. Like tool 400, described above, tool 800 may

have a length of approximately 110 cm to reach into right ventricle RV.



Furthermore, delivery tool 800 may include articulating features to facilitate the

navigation thereof as described below. For example, outer member 830 may include

a pull-wire assembly integrated therein, according to construction features known to

those skilled in the art.

Figure 9A is a schematic diagram of delivery tool 800 positioned within right

ventricle RV, after the operator has deployed ventricular portion 100. According to

some methods, the operator deploys ventricular portion 100 by advancing tool 800

through a venous system of the patient, for example, from a femoral venous access

site and up through an inferior vena cava IVC of the patient into right atrium RA and

across the tricuspid valve into right ventricle RV, until distal opening 803 of delivery

tool 800 abuts the target implant site. With distal opening 803 abutting the implant

site, the operator applies a push force through tool 800 while retracting outer

member 830 relative to inner assembly 850 and device 1200 (arrow W of Figure 8E),

to release fixation tines 103 of ventricular portion 100 out through distal opening 803

for engagement with tissue at the implant site, as shown in Figure 9A. With

reference back to Figure 8E, the abutment of inner member distal end 82 against

ventricular portion proximal end 101 applies pressure to stabilize ventricular portion

100 as the operator retracts outer member 830. Once ventricular portion 100 is

deployed, the operator may withdraw outer member 830 and inner member 820,

relative to sheath 810 and tethered device 1200, back up into right atrium RA (arrow

E of Figure 9A) in order to deploy atrial portion 200.

Figure 9B is a schematic diagram of delivery tool 800 positioned in right

atrium RA for deployment of device atrial portion 200. Figure 9B illustrates distal end

82 of inner member 820 still protruding distally from distal opening 803 of outer

member 830 and directed into atrial appendage 102, where the operator will abut

distal end 82 against pectinate muscle PM (Figure 2B) for deployment of atrial

portion 200 at a target implant site. Figure 9B further illustrates a length of leadlet

120 that has passed out from inner member 820 as the operator withdrew outer

member 830 and inner member 820 into right atrium RA. With reference to the

cross-section view in Figure 9C, atrial portion 200 and distal-facing surface 8 1 of

sheath 810 also became located in closer proximity to distal opening 802 of inner

member 820, as the operator withdrew outer member 830 and inner member 820

into right atrium RA. With distal opening 802 of inner member 820 abutting pectinate



muscle PM, the operator may apply a push force to atrial portion 200, through sheath

8 10 , per arrow F, to release the spring loading of fixation tines 303 for engagement

with pectinate muscle PM at the implant site, as shown in Figure 2B. (Note that

Figures 6A-F, and the corresponding description thereof, may also pertain to the

release of tines 303 from inner member 820.) Figure 9C further illustrates leadlet

120 extending laterally away from atrial portion 200, as allowed by slot 82-S (Figure

8A), when atrial portion 200 is positioned for deployment; thus, leadlet 120 will not

become trapped against tissue at the implant site, when tines 303 are released from

spring loading for engagement with the tissue.

Once ventricular portion 100 and atrial portion 200 of device 1200 are both

deployed at respective implant sites, by any of the above-described delivery tools

400, 800, tether 480, 880 may be released from leadlet 120 of device 1200, for

example, by pulling one of tether ends 481 , 881 proximally from the corresponding

lumen 425, 815, to unloop tether 480, 880. However, before unlooping tether 480,

880, if the operator determines that device 120 needs to be retrieved, for example,

for repositioning, tether 480, 880 may be employed to disengage, and reload into

tool 400, 800, atrial portion 200 followed by ventricular portion 100 of device 1200.

Figures 10A-B are schematic diagrams related to some retrieval methods. Figure

10A shows delivery tool 400 positioned relative to flexible leadlet 120 and the loop of

tether 480 advanced distally out from inner member 420 to cinch around leadlet 120,

preferably at the aforementioned zone 124 (Figure 2A) so that, in retrieving device,

leadlet 120 can be folded at the same location at which it was initially folded for

loading, as described above in conjunction with Figures 2A and 4A. According to

some preferred embodiments, a radiopaque marker may be coupled to leadlet 120 at

zone 124 so the operator can locate zone 124 under fluoroscopy. Figure 10B shows

delivery tool 800 positioned relative to flexible leadlet 120, and the loop of tether 880

advanced out from sheath 810 to cinch around leadlet 120 along third segment 12-3,

for example, at the preferred location described above for loading atrial portion 200

into delivery tool 800, about one inch away from atrial portion core 250.

Finally, in some alternative methods, an operator may choose to initially load

device 1200 into a delivery tool, for example, tool 800 described above, so that the

orientation of the loaded ventricular and atrial portions 100, 200 are as shown in

Figure 2A, without flexible leadlet 120 being folded over on itself, and without tines



303 of atrial portion 200 being spring-loaded in the delivery tool. If so, after

deploying ventricular portion 100 to the implant site in right ventricle RV, as shown in

Figure 9A, the operator can retract an entirety of delivery tool 800, per arrow E , until

atrial portion 200 exits distal opening 802 of inner member 820. Then, the operator

may advance sheath 810 with respect to inner member 820 until tether 880 extends

out from distal opening 802, as shown in Figure 11, and maneuver tether 880 to loop

around leadlet 120 in proximity to atrial portion 200. Once tether 880 is secured

around leadlet 120, the operator may pull, per arrow Q (Figure 8A), atrial portion 200

into lumen 825 of inner member 820 so that tines 303 are spring-loaded, as shown in

Figure 9C, and then position tool 800 in right atrium RA to deploy atrial portion 200 at

the target implant site, for example, in the same manner as was described above in

conjunction with Figure 9B. With further reference to Figure 11, an enlarged

perspective view of inner member distal end 82 is shown, wherein, according to

some embodiments, distal end 82 is terminated by a beveled edge 82-B, for

example, to facilitate the passage of leadlet 120 into slot 82-S when the operator

pulls atrial portion 200 into lumen 825.

In the foregoing detailed description, specific exemplary embodiments have

been described. However, it may be appreciated that various modifications and

changes can be made without departing from the scope of the invention as set forth

below.



We Claim:

1. An interventional medical system comprising:

an implantable medical device comprising:

a ventricular portion including an hermetically sealed housing extending from

a proximal end thereof to a distal end thereof, a ventricular electrode

mounted in proximity the housing distal end, and a fixation mechanism

mounted in proximity to the housing distal end;

an atrial portion including a core extending from a first end thereof to a second

end thereof, along a longitudinal axis of the atrial portion, an atrial

electrode mounted in proximity to the second end of the core, and a

fixation mechanism mounted in proximity to the second end of the core;

and

a leadlet extending from the proximal end of the ventricular portion housing to

the first end of the atrial portion core, the leadlet including a conductor and

an insulative tubular member in which the conductor extends, the

conductor being coupled to the atrial electrode of the atrial portion; and

a delivery tool comprising:

a tubular sidewall that defines a lumen and has a slot formed therein, the slot

extending proximally from an open end thereof, the open end of the slot

being coincident with a distal opening of the lumen; and

a tether extending within the tubular sidewall;

wherein the device is loaded in the delivery tool such that the second end of the

atrial portion core faces the proximal end of the ventricular portion housing,

such that the atrial portion is contained within the lumen with a segment of the

flexible leadlet extending alongside the atrial portion, and with another

segment of the leadlet being folded over on itself proximal to the atrial portion,

and such that the tether is engaged with the other segment of the leadlet at a

fold therein; and

the slot is configured to allow passage of the flexible leadlet therethrough when

the atrial portion is positioned in proximity to the distal opening of the lumen

for deployment from the tool.



2 . The system of claim 1, wherein the device atrial portion includes an open channel

formed along the core thereof, the open channel extending between the first and

second ends of the core and being sized to receive the leadlet of the device therein.

3 . The system of any of claims 1-2, wherein the device leadlet further includes a

radiopaque maker designating a zone along a length of the leadlet for creating the

fold in the leadlet.

4 . The system of any of claims 1-3, wherein the fixation mechanism of the device

atrial portion comprises a plurality of elastically deformable tines fixedly mounted to

the core and spaced apart from one another around a perimeter of the core; and

wherein each tine comprises:

a proximal, spring portion being fixedly attached to the atrial portion core and

having a spring-biased pre-formed curvature, the pre-formed curvature, in

proximity to the core, extending in a first direction, generally parallel to the axis of

the atrial portion, and then sweeping laterally, outward from the axis; and

a distal portion including a proximal section, a hook section, and tip section

terminated by a rounded free distal end, the proximal section extending from the

proximal, spring portion and being pre-formed to extend in a second direction and

along a relatively straight line to the hook section, the proximal section being

oriented, by the spring-biased pre-formed curvature of the proximal, spring

portion, so that the second direction is generally opposite the first direction, and

the relatively straight line intersects the axis at an acute angle of between about

30 degrees and about 50 degrees, the hook section having a deformable pre

formed curvature that extends from the proximal section back toward the axis of

the atrial portion, the tip section being pre-formed to extend along a relatively

straight line from the hook section to the rounded free distal end, and the tip

section being oriented, by the pre-formed curvature of the hook section, when un-

deformed, to extend toward the axis of the atrial portion, such that the tip section

and the proximal section enclose an angle in a range from about 90 degrees to

about 120 degrees; and

wherein the rounded free distal end of each tine of the loaded device engages an

inner surface of the delivery tool sidewall, to hold the proximal, spring portion of



each tine in a spring-loaded condition, and so that each tip section of the distal

portion extends away from the axis of the atrial portion at an acute angle in a

range from about 45 degrees to about 75 degrees for deployment of the

corresponding rounded free distal end out from the sidewall; and

upon deployment of the rounded free distal end of each tine, the tip section of each

distal portion rotates away from the axis to approach an angle of 90 degrees,

relative to the axis, in response to an initial release of the spring-loaded condition

of the corresponding proximal, spring portion.

5 . The system of any of claims 1-4, wherein an intersection between the proximal

spring portion and the distal portion of each device tine is spaced distally from the

second end of the device atrial portion core, and the device atrial electrode is flush

with, or spaced distally apart from the intersection between the proximal, spring

portion and the distal portion of each tine by a distance in a range from about 0 mm

to about 2 mm.

6 . The system of any of claims 1-5, wherein:

the tubular sidewall of the delivery tool comprises an elongate outer member, and

the ventricular portion of the loaded device is contained within the lumen defined

by tubular sidewall; and

the delivery tool further comprises an inner assembly that extends within the lumen

of the outer member, the outer member being slideably engaged around the inner

assembly, and the inner assembly comprising:

an elongate inner member including a distal end that receives the folded over

leadlet of the loaded device therein, and that engages the first end of the atrial

portion of the loaded device; and

the tether extending within the inner member, proximally from where the tether

is engaged with the loaded device leadlet.



7 . The system of any of claims 1-6, wherein the tubular sidewall of the delivery tool

comprises an elongate inner member; and wherein the delivery tool further

comprises:

an elongate outer member including a longitudinally extending lumen, the lumen of

the outer member having the inner member slideably engaged therein, and

having a distal portion that contains the ventricular portion of the loaded device;

and

a sheath slideably engaged within the lumen defined by the tubular sidewall of the

inner member, the sheath including side-by-side longitudinally extending lumens

in which the tether extends, proximally from where the tether is engaged with the

loaded device leadlet.

8 . The system of any of claims 1-7, wherein the sheath further includes a groove

formed in a distal-facing surface thereof, between the side-by-side lumens, the

groove being sized to receive the loaded device leadlet therein.

9 . The system of any of claims 1-8, wherein an outer surface of the sheath

interlocks with an inner surface of the tubular sidewall of the inner member.

10. The system of claims 1-9 comprising:

an elongate tubular sidewall sized to fit in sliding engagement within an elongate

outer member of the delivery tool, the tubular sidewall defining a longitudinally

extending lumen sized to contain a portion of the medical device therein, and

the tubular sidewall having a slot formed therein, the slot extending proximally

from an open end thereof, and the open end of the slot being coincident with a

distal opening of the lumen;

an elongate sheath slideably engaged within the lumen defined by the tubular

sidewall, the sheath including side-by-side longitudinally extending lumens,

each lumen of the sheath having an opening located at a distal-facing surface

of the sheath; and

a tether having opposing lengths extending within the side-by-side lumens of the

sheath to form a loop that engages with the medical device in proximity to the

distal-facing surface of the sheath.



11. The system of any of claims 1-1 0 , wherein the sheath further includes a groove

formed in the distal-facing surface thereof, between the openings of the side-by-side

lumens.

12. The system of any of claims 1-1 1, wherein an outer surface of the sheath

interlocks with an inner surface of the tubular sidewalk

13. A system comprising an implantable medical device, according to any of Claims

1-12, and a delivery tool, according to either of Claims 1 through 12.
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