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EXTRAVASCULAR IMPLANT TOOLS UTILIZING A BORE-IN MECHANISM

TECHNICAL FIELD
[0001] The present disclosure relates to implant tools and techniques for implanting

implantable medical leads or other implantable components in extravascular locations.

BACKGROUND
[0002] Implantable cardiac defibrillator (ICD) systems are used to deliver high energy
electrical pulses or shocks to a patient’s heart to terminate life threatening arrhythmias,
such as ventricular fibrillation. Traditional ICD systems include a housing that encloses a
pulse generator and other electronics of the ICD and is implanted subcutaneously in the
chest of the patient. The ICD is connected to one or more implantable medical electrical
leads that are implanted within the heart, referred to herein as transvenous leads.
[0003] Traditional ICD systems that utilize transvenous leads may not be the preferable
ICD system for all patients. For example, some patients with difficult vascular access
precludes placement of transvenous leads. As another example, children and other
younger patients may also be candidates for non-transvenous ICD systems. Moreover,
transvenous leads may become fibrosed in the heart over time, making lead revision and

extraction procedures challenging,

SUMMARY
[0004] An extravascular ICD system may be preferred for some patients. An
extravascular ICD system includes a lead (or leads) that are implanted extravascularly in
the patient, e.g., outside and/or exclusive of the heart. As such, the extravascular ICD may
eliminate the need to implant transvenous leads within the heart. Instead, the lead(s) may
be implanted subcutaneously, substernally, or in other extravascular locations.
[0005] This application presents extravascular implant tools that utilize a bore-in
mechanism to safely traverse the diaphragmatic attachments to access the substernal
space. As will be described herein, using the bore-in mechanism may allow the implant
tool to traverse the diaphragmatic attachments while controlling momentum of the implant

tool after the traversal of the attachments. In this manner, the implant tool allows
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traversing of the diaphragmatic attachments with a reduced likelihood of damage to
surrounding organs.

[0006] For example, this application provides an implant tool for implanting an
implantable medical lead, implantable catheter or other implantable component within a
patient. The implant tool includes an open channel delivery tool having a handle and a
shaft adjacent the handle. The shaft has a proximal end, a distal end, and an open channel
that extends from near the proximal end to the distal end. The implant tool also includes a
bore-in mechanism configured to interact with the open channel delivery tool. In one
example, the bore-in mechanism includes a handle and a helix extending from the handle,
the handle and the helix forming a lumen that extends through the handle and the helix and
is configured to receive the shaft of the open channel delivery tool. In another example,
the bore-in mechanism comprises a handle and a screw extending from the handle,
wherein the open channel of the delivery tool is sized to receive the screw of the bore-in
mechanism.

[0007] In another example, this application provides a method for implanting a medical
lead, a catheter or other implantable component, the method comprising screwing a bore-
in mechanism into the diaphragmatic attachments of a patient, placing a shaft of an open
channel delivery tool adjacent to the bore-in mechanism, simultaneously pulling the bore-
in mechanism while pushing the open channel delivery tool to traverse the diaphragmatic
attachments.

[0008] In a further example, this application provides an implant tool for implanting an
implantable medical lead, implantable catheter or other implantable component within a
patient. The implant tool includes a bore-in mechanism having a handle and a helix
extending from the handle. The handle and the helix form a lumen that extends through
the handle and the helix. The implant tool also includes a tunneling tool that includes a
shaft configured to be placed through the lumen of the bore-in mechanism. In one
example, the tunneling tool comprises an open channel delivery tool that includes a handle
and a shaft adjacent the handle, the shaft having a proximal end, a distal end, and an open
channel that extends from near the proximal end to the distal end. In another example, the
tunneling tool comprises a rod and a sheath configured to be placed over the rod.

[0009] This summary is intended to provide an overview of the subject matter described in

this disclosure. It is not intended to provide an exclusive or exhaustive explanation of the
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apparatus and methods described in detail within the accompanying drawings and
description below. Further details of one or more examples are set forth in the

accompanying drawings and the description below.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] FIG. 1A is a front view of an example extravascular ICD system implanted within
a patient.
[0011] FIG. 1B is a side view of the extravascular ICD system implanted within the
patient.
[0012] FIG. 1C is a transverse view of the extravascular ICD system implanted within the
patient.
[0013] FIG. 2 is a conceptual diagram of another example extravascular ICD system
implanted extrathoracically within a patient.
[0014] FIG. 3 is a conceptual diagram illustrating an example implant tool that includes an
open channel delivery tool that is used in conjunction with a bore-in mechanism to implant
a component extravascularly.
[0015] FIG. 4A illustrates an angled view of the bore-in mechanism of the implant tool of
FIG. 3.
[0016] FIG. 4B illustrates a front view of the bore-in mechanism of the implant tool of
FIG. 3.
[0017] FIG. 4C illustrates a longitudinal side view of the bore-in mechanism of the
implant tool of FIG. 3 taken from A-A’ in FIG. 4B.
[0018] FIG. 5A illustrates a longitudinal side view of the open channel delivery tool of the
implant tool of FIG. 3.
[0019] FIG. 5B illustrates a top view of a shaft of the open channel delivery tool of the
implant tool of FIG. 3.
[0020] FIG. 5C illustrates a cross sectional view of a distal end of the open channel
delivery tool of the implant tool of FIG. 3taken from A-A’ in FIG. 5A.
[0021] FIG. 6 is a schematic diagram illustrating another implant tool that includes an
open channel delivery tool and another example bore-in mechanism.
[0022] FIG. 7 illustrates an angled view of the bore-in mechanism of the implant tool of

FIG. 6.
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DETAILED DESCRIPTION
[0023] FIGS. 1A-C are conceptual diagrams of an extravascular ICD system 10 implanted
within a patient 12. FIG. 1A is a front view of ICD system 10 implanted within patient 12.
FIG. 1B is a side view of ICD system 10 implanted within patient 12. FIG. 1Cisa
transverse view of ICD system 10 implanted within patient 12. ICD system 10 includes an
ICD 14 connected to a medical electrical lead 16. FIGs. 1 A—C are described in the
context of an ICD system capable of providing defibrillation and/or cardioversion shocks
and, in some instances, pacing pulses. However, the techniques of this disclosure may
also be used in the context of other implantable medical devices configured to provide
other electrical stimulation therapies to the heart.
[0024] ICD 14 may include a housing that forms a hermetic seal that protects components
of ICD 14. The housing of ICD 14 may be formed of a conductive material, such as
titanium, or of a combination of conductive and non-conductive materials. The
conductive material of the housing functions as a housing electrode. ICD 14 may also
include a connector assembly (also referred to as a connector block or header) that
includes electrical feedthroughs through which electrical connections are made between
lead 16 and electronic components included within the housing. The housing may house
one or more Processors, memories, transmitters, receivers, Sensors, sensing circuitry,
therapy circuitry, power sources and other appropriate components.
[0025] ICD 14 is configured to be implanted in a patient, such as patient 12. ICD 14 is
implanted extra-thoracically (e.g., subcutaneously or submuscularly) on the left
midaxillary of patient 12. ICD 14 is on the left side of patient 12 outside the ribcage. ICD
14 may, in some instances, be implanted between the left posterior axillary line and the
left anterior axillary line of patient 12. ICD 14 may, however, be implanted at other
subcutaneous locations on patient 12 such as at a pectoral location or abdominal location.
[0026] Lead 16 includes an elongated lead body having a proximal end that includes a
connector (not shown) configured to be connected to ICD 14 and a distal portion that
includes electrodes 24, 28, and 30. The implant tools and techniques of this disclosure
may be used to implant lead 16 as described herein. Lead 16 extends extra-thoracically,
e.g., under skin and outside the ribcage (subcutaneously or submuscularly) from ICD 14
toward a center of the torso of patient 12, e.g., toward xiphoid process 20 of patient 12. At

a location near the center of the torso, lead 16 bends or turns and extends superior intra-
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thoracically in a substernal location under/below sternum 22 and/or ribcage of the patient
12. In one example, the substernal location is substantially within anterior mediastinum
36 such that distal portion of lead 16 extends superior along the posterior side of the
sternum within anterior mediastinum 36. Anterior mediastinum 36 may be viewed as
being bounded laterally by pleurae 39, posteriorly by pericardium 38, and anteriorly by
sternum 22. In some instances, the anterior wall of anterior mediastinum 36 may also be
formed by the transversus thoracis and one or more costal cartilages. Anterior
mediastinum 36 includes a quantity of loose connective tissue (such as areolar tissue),
adipose tissue, some lymph vessels, lymph glands, substernal musculature (e.g., transverse
thoracic muscle), the thymus gland, branches of the internal thoracic artery, and the
internal thoracic vein. In one example, the distal portion of lead 16 may be implanted
substantially within the loose connective tissue and/or substernal musculature of anterior
mediastinum 36.

[0027] In other embodiments, the distal portion of lead 16 may be implanted in other
intra-thoracic, non-vascular, extra-pericardial locations, including the gap, tissue, or other
anatomical features around the perimeter of and adjacent to, but not attached to, the
pericardium or other portion of heart 26 and not outside sternum 22 or ribcage (e.g., within
the pleural cavity). As such, lead 16 may be implanted anywhere within the “substernal
location” defined by the undersurface between the sternum and/or ribcage and the body
cavity but not including the pericardium or other portion of heart 26. The substernal
location may alternatively be referred to by the terms “retrosternal space™ or
“mediastinum” or “infrasternal” as is known to those skilled in the art and includes the
anterior mediastinum 36. The substernal location may also include the anatomical region
described in Baudoin, Y. P, et al., entitled “The superior epigastric artery does not pass
through Larrey's space (trigonum sternocostale).” Surg.Radiol. Anat. 25.3-4 (2003): 259-
62. In other words, the distal portion of lead 16 may be implanted in the region around the
outer surface of heart 26, but not attached to heart 26.

[0028] The distal portion of lead 16 may be implanted substantially within anterior
mediastinum 36 such that electrodes 24, 28, and 30 are located near a ventricle of heart 26.
For instance, lead 16 may be implanted within anterior mediastinum 36 such that electrode
24 is located over a cardiac silhouette of one or both ventricles as observed via an anterior-

posterior (AP) fluoroscopic view of heart 26. In one example, lead 16 may be implanted
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such that a therapy vector from electrode 24 to a housing electrode of ICD 14 is
substantially across the ventricles of heart 26. The therapy vector may be viewed as a line
that extends from a point on electrode 24, e.g., center of electrode 24, to a point on the
housing electrode of ICD 14, e.g., center of the housing electrode. However, lead 16 may
be positioned at other locations as long as the therapy vector between electrode 24 and the
housing electrode is capable of defibrillating heart 26.

[0029] In the example illustrated in FIGS. 1A-C, lead 16 is located substantially centered
under sternum 22. In other instances, however, lead 16 may be implanted such that it is
offset laterally from the center of sternum 22. In some instances, lead 16 may extend
laterally enough such that all or a portion of lead 16 is underneath/below the ribcage in
addition to or instead of sternum 22.

[0030] The elongated lead body of lead 16 contains one or more elongated electrical
conductors (not illustrated) that extend within the lead body from the connector at the
proximal lead end to electrodes 24, 28, and 30 located along the distal portion of lead 16.
The elongated lead body may have a generally uniform shape along the length of the lead
body. In one example, the elongated lead body may have a generally tubular or cylindrical
shape along the length of the lead body. The elongated lead body may have a diameter of
between 3 and 9 French (Fr) in some instances. However, lead bodies of less than 3 Fr
and more than 9 Fr may also be utilized. In another example, the distal portion (or all of)
the elongated lead body may have a flat, ribbon or paddle shape. In this instance, the
width across the flat portion of the flat, ribbon or paddle shape may be between 1 and 3.5
mm. Other lead body designs may be used without departing from the scope of this
disclosure. The lead body of lead 16 may be formed from a non-conductive material,
including silicone, polyurethane, fluoropolymers, mixtures thereof, and other appropriate
materials, and shaped to form one or more lumens within which the one or more
conductors extend. However, the techniques are not limited to such constructions.

[0031] The one or more elongated electrical conductors contained within the lead body of
lead 16 may engage with respective ones of electrodes 24, 28, and 30. In one example,
each of electrodes 24, 28, and 30 is electrically coupled to a respective conductor within
the lead body. The respective conductors may electrically couple to circuitry, such as a
therapy module or a sensing module, of ICD 14 via connections in connector assembly,

including associated feedthroughs. The electrical conductors transmit therapy from a
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therapy module within ICD 14 to one or more of electrodes 24, 28, and 30 and transmit
sensed electrical signals from one or more of electrodes 24, 28, and 30 to the sensing
module within ICD 14,

[0032] Defibrillation electrode 24 is illustrated in FIG. 1 as being an elongated coil
electrode. Defibrillation electrode 24 may vary in length depending on a number of
variables. Defibrillation electrode 24 may, in one example, have a length between
approximately 5-10 centimeters (cm). However, defibrillation electrode 24 may have a
length less than 5 cm and greater than 10 ¢cm in other embodiments. Another example,
defibrillation electrode 24 may have a length between approximately 2—-16 cm.

[0033] In other embodiments, however, defibrillation electrode 24 may be a flat ribbon
electrode, paddle electrode, braided or woven electrode, mesh electrode, segmented
electrode, directional electrode, patch electrode or other type of electrode besides an
elongated coil electrode. In one example, defibrillation electrode 24 may be formed of a
first segment and a second segment separated by a distance and having an electrode or a
pair of electrodes (such as electrode 28 and/or 30 described below) located between the
first and second defibrillation electrode segments. In one example, the segments may be
coupled to the same conductor within the lead body such that the first and second
segments function as a single defibrillation electrode. In other embodiments, defibrillation
lead 16 may include more than one defibrillation electrode. For example, the first and
second segments described above may be coupled to different conductors within the lead
body such that the first and second segments function as separate defibrillation electrodes
along the distal portion of lead 16. As another example, defibrillation lead 16 may include
a second defibrillation electrode (e.g., second elongated coil electrode) near a proximal
end of lead 16 or near a middle portion of lead 16.

[0034] Lead 16 also includes electrodes 28 and 30 located along the distal portion of lead
16. In the example illustrated in FIGS. 1A-C, electrodes 28 and 30 are separated from one
another by defibrillation electrode 24. In other examples, however, electrodes 28 and 30
may be both distal of defibrillation electrode 24 or both proximal of defibrillation
electrode 24. In instances in which defibrillation electrode 24 is a segmented electrode
with two defibrillation segments, electrodes 28 and 30 may be located between the two
segments. Alternatively, one of electrodes 28 and 30 may be located between the two

segments with the other electrode located proximal or distal to defibrillation electrode 24.
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Electrodes 28 and 30 may comprise ring electrodes, short coil electrodes, hemispherical
electrodes, segmented electrodes, directional electrodes, or the like. Electrodes 28 and 30
of lead 16 may have substantially the same outer diameter as the lead body. In one
example, electrodes 28 and 30 may have surface areas between 1.6— 55 mm’. Electrodes
28 and 30 may, in some instances, have relatively the same surface area or different
surface areas. Depending on the configuration of lead 16, electrodes 28 and 30 may be
spaced apart by the length of defibrillation electrode 24 plus some insulated length on each
side of defibrillation electrode, e.g., approximately 2—-16 cm. In other instances, such as
when electrodes 28 and 30 are between a segmented defibrillation electrode, the electrode
spacing may be smaller, e.g., less than 2 cm or less the 1 cm. The example dimensions
provided above are exemplary in nature and should not be considered limiting of the
embodiments described herein. In other examples, lead 16 may include a single
pace/sense electrode or more than two pace/sense electrodes.

[0035] In some instances, electrodes 28 and 30 of lead 16 may be shaped, oriented,
designed or otherwise configured to reduce extracardiac stimulation. For example,
electrodes 28 and 30 of lead 16 may be shaped, oriented, designed or otherwise configured
to focus, direct or point electrodes 28 and 30 toward heart 26. In this manner, pacing
pulses delivered via lead 16 are directed toward heart 26 and not outward toward skeletal
muscle. For example, electrodes 28 and 30 of lead 16 may be partially coated or masked
with a polymer (e.g., polyurethane) or another coating material (e.g., tantalum pentoxide)
on one side or in different regions so as to direct the pacing signal toward heart 26 and not
outward toward skeletal muscle.

[0036] ICD 14 may obtain sensed electrical signals corresponding with electrical activity
of heart 26 via a combination of sensing vectors that include combinations of electrodes
28 and/or 30 and the housing electrode of ICD 14. For example, ICD 14 may obtain
electrical signals sensed using a sensing vector between electrodes 28 and 30, obtain
electrical signals sensed using a sensing vector between electrode 28 and the conductive
housing electrode of ICD 14, obtain electrical signals sensed using a sensing vector
between electrode 30 and the conductive housing electrode of ICD 14, or a combination
thereof. In some instances, ICD 14 may even obtain sensed electrical signals using a

sensing vector that includes defibrillation electrode 24.
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[0037] ICD 14 analyzes the sensed electrical signals obtained from one or more of the
sensing vectors of lead 16 to monitor for tachyarrhythmia, such as ventricular tachycardia
or ventricular fibrillation. ICD 14 generates and delivers substernal electrical stimulation
therapy, e.g., ATP, cardioversion or defibrillation shocks, and/or post-shock pacing in
response to detecting tachycardia (e.g., VT or VF). In some instances, ICD 14 may
generate and deliver bradycardia pacing in addition to ATP, cardioversion or defibrillation
shocks, and/or post-shock pacing.

[0038] In the example illustrated in FIG. 1, system 10 is an ICD system that provides
cardioversion/defibrillation and/or pacing therapy. However, the implant tools and
techniques may be utilized to implant other types of implantable medical leads, catheters
(e.g., drug delivery catheters), or other implantable component or assembly. In addition, it
should be noted that system 10 may not be limited to treatment of a human patient. In
alternative examples, system 10 may be implemented in non-human patients, e.g.,
primates, canines, equines, pigs, ovines, bovines, and felines. These other animals may
undergo clinical or research therapies that may benefit from the subject matter of this
disclosure.

[0039] FIG. 2 is a conceptual diagram of another example extravascular ICD system 40
implanted extra-thoracically within patient 12. In the example illustrated in FIG. 2,
extravascular ICD system 40 is an implanted subcutaneous ICD system. ICD system 40
conforms substantially to ICD system 10 of FIGs. 1A-1C except that the distal portion of
lead 16 is implanted extra-thoracically under the skin and outside the sternum and/or the
ribcage (subcutaneously or submuscularly). In this case, ICD 14 may include additional
components necessary to generate high voltage shocks at energies greater than ICD system
10, e.g., up to 80 J instead of 35-60J.

[0040] FIG. 3 is a conceptual diagram illustrating an example implant tool that includes an
open channel delivery tool 50 and a bore-in mechanism 60. Open channel delivery tool
50, which is illustrated in further detail in FIGs. 5A-5C, includes a handle 52 and an
elongate shaft 54 adjacent to handle 52. Shaft 54 defines an open channel 56 that extends
from handle 52 to a distal end 58. Open channel 56 may extend the entire length of shaft
54 from handle 52 to distal end 58 in one embodiment.

[0041] Bore-in mechanism 60, which is illustrated in further detail in FIGs. 4A-4C,

includes a handle 62 and a helix 64. FIG. 4A illustrates an angled view of bore-in
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mechanism 60. FIG. 4B illustrates a front view of bore-in mechanism 60. FIG. 4C
illustrates a longitudinal side view of bore-in mechanism 60 taken from A—-A’ in FIG. 4B.
[0042] Handle 62 and helix 64 form a lumen 66 that extends the entire length of bore-in
mechanism 60. Helix 64 may be constructed of a metal, metal alloy, or rigid polymer. In
one example, helix 64 may be formed from a wire. The wire may be of any of a variety of
diameters. In one example, the wire diameter may be between approximately 0.035-0.100
inches. However, wires of other diameters may also be used without departing from the
scope of this disclosure.

[0043] Helix 64 extends from handle 62 for a length L2 from handle to a distal end 68.
Distal end 68 of helix 64 may be ground or otherwise formed to have sharp tip. Length L2
may be between approximately 1.5-3.5 inches. However, the actual length of helix 64
may be slightly longer than L2 as helix 64 may extend within handle 62 (as illustrated in
FIG. 4C to aid in coupling of helix 64 to handle 64. Helix 64 has a pitch (P1). The pitch,
which is the width of one complete helix tum, may be 0.1-0.3 inches. However, pitches
smaller than 0.1 inches and larger than 0.3 inches may also be utilized.

[0044] Shaft 54 of open channel delivery tool 50 and bore-in mechanism 60 are sized such
that shaft 54 may pass through lumen 66. Thus, the diameter of lumen 66 (or the inner
diameter (ID) of helix 64) may be formed to accommodate shaft 54 of open channel
delivery tool 50. The ID of helix 64 may, for example, be between approximately 0.15—
0.50 inches. However, IDs of smaller than 0.15 inches and larger than 0.50 inches may
also be utilized. The outer diameter (OD) of helix 64 will depend on the diameter of the
wire or other material used to form helix 64.

[0045] Handle 62 may be constructed of metal, alloy, polymer, or other material or
combination of materials. Handle 62 may be sized and shaped to fit within a hand and be
ergonomically comfortable. Handle 62 may, for example, have a length between 1.25-4.0
inches. However, handle 62 may have lengths greater and less than this range without
departing from the scope of this disclosure. Handle 62 of FIG. 3 and FIG. 4 is a six-sided
handle. The handle may include more or fewer sides (e.g., 3-sided). In other instances,
handle 62 may be completely smooth handle (e.g., cylindrical), may be a “T” handle, or
other type of handle.

[0046] FIGs. SA—C are conceptual drawings illustrating an example extravascular implant

tool 30 for implanting a medical lead, such as lead 16 of FIGs. 1 and 2, a catheter, or other

10



WO 2016/094466 PCT/US2015/064599

implantable component. FIG. 5A illustrates a longitudinal side view of open channel
delivery tool 50. FIG. 5B illustrates a top view of a shaft of open channel delivery tool 50.
FIG. 5C illustrates a cross sectional view of a distal end of open channel delivery tool 50
taken from A—A’ in FIG. SA. As will be described in further detail herein, open channel
delivery tool 50 of FIGs. 5A—C may be particularly useful in implanting defibrillation lead
16 in patient 12 in a subcutaneous, substernal, or other extravascular location.

[0047] As described above, open channel delivery tool 50 includes a handle 52 and an
elongate shaft 54 adjacent to handle 52, the shaft 54 defining an open channel 56 that
extends from handle 52 to a distal end 58. Open channel 56 may extend the entire length
of shaft 54 from handle 52 to distal end 58 in some embodiments. Shaft 24 extends a
length “L3” from handle 52 to distal end 58. The length L3 of shaft 54 may be determined
based on the desired tunneling application. For example, shaft 54 may have a length
between approximately 5 to 11linches in some instances. However, other lengths may be
appropriate for other desired applications.

[0048] Shaft 54 may have a relatively uniform thickness along the longitudinal length of
shaft 54, e.g., along major axis “X” defined by open channel delivery tool 50.
Alternatively, the thickness of the walls of shaft 54 may not be uniform along the length of
shaft 54. For example, the walls of shaft 54 may have an increased thickness toward distal
end 58 compared to the proximal end of shaft 54. The increase in thickness toward distal
end 58 may enable improved tunneling performance by increasing rigidness or stiffness at
distal end 58 or by reducing interference with the tissue. Additionally, the increase
thickness of distal end 58 may aid in shaping distal end to avoid coring, cutting, or
puncturing of tissue, pleura, pericardium or other parts of patient 12. In other instances,
distal end 58 and the proximal end near handle 52 of shaft 54 may have a greater thickness
compared to the middle portion of shaft 54.

[0049] As illustrated in the cross sectional view of distal end 58 of shaft 54, taken
perpendicular to the longitudinal length of shaft 54 from handle 52 to distal end 58 (e.g.,
orthogonal to the major axis X defined by open channel delivery tool 50), shaft 54 has a
generally arc-shaped cross section that defines a generally arc-shaped open channel 56
(e.g., U-shaped and/or C-shaped). In other examples, however, the cross-section of shaft
54 and open channel 56 may be formed into any of a number of different shapes including,

but not limited to, horseshoe-shape or other shape.
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[0050] Open channel 56 has a depth, labeled “D” in FIG. 5C. Depth D of channel 56 may,
in one example, be approximately equal to an outer diameter the lead. In further
examples, the depth D of open channel 56 may be slightly larger than the outer diameter of
the lead to provide some margin. In further instances, open channel 56 may be sized to
account for the largest portion of the lead, such as a fixation mechanism (such as tines), an
anchoring sleeve, a connector, or other portion of the lead, with or without margin. The
margin may allow the user push the lead along open channel 56 without too much
interference or friction.

[0051] Open channel 56 also includes a width, labeled “W1” in FIG. 5C. In one example,
width W1 of open channel 56 is less than the outer diameter of the lead. In another
example, width W1 of open channel 56 is approximately equal to the outer diameter of the
lead such that when the implantable electrical lead 16 is placed within open channel 56
there is a slight interference fit. In a further example, width W1 of open channel 56 is
greater than an outer diameter of the lead (e.g., the diameter of the lead plus a slight
margin).

[0052] Shaft 54 may have the same cross section along the entire length of shaft 54.
Alternatively, shaft 54 may have varying cross sections along portions of the length of
shaft 54. For example, may have a more open cross-section, e.g., a U-shaped cross-
section toward a proximal end of shaft 54 and a C-shaped cross-section along the mid and
distal sections of the shaft 54. Other varying cross-sections may be utilized without
departing from the scope of this disclosure. Shaft 54 may have a total cross-sectional
thickness (T) of between approximately 0.080-0.450 inches and a total width (W2) of
approximately 0.080-0.450 inches.

[0053] In the examples described above, open channel delivery tool 50 may be used to
implant a particular sized lead such that a different implant tool (e.g., having a different
sized open channel 56) may be selected depending on the size of the lead to be implanted,
which may range from 2 French to 11 French. In further examples, a single open channel
delivery tool 50 may be designed to deliver leads having a variety of different diameters.
In this case, the depth D and width W of open channel 56 may be sized for delivery of the
largest diameter lead for which tool 50 is designed.

[0054] Shaft 54 may have a relatively uniform thickness along the sides and bottom of the
body of shaft 54. In other words, the walls along the sides and bottom of shaft 54 may all
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have about the same thickness. In another example, however, shaft 54 may have thicker
walls along the sides of shaft 54 forming open channel 56 than along the bottom of shaft
54.

[0055] Elongate shaft 54 of open channel delivery tool 50 is formed such that it is stiff
enough to be capable of being pushed through the tissue, muscle or other structure to form
a path through the body. Shaft 54 may be made of a metal, polymer, or other material or
combination of materials, e.g., metal and polymer. Such a tool could be extruded, molded,
or inserted as part of a manufacturing process and would provide additional stiffness and
malleability to the implant tool. In some instances, such as when shaft 54 is made of metal
or a combination of metal and polymer, shaft 54 may be malleable. In other instances,
shaft 54 of tool 50 may not be malleable, e.g., when shaft 54 is made of a molded polymer.
In further instances, the implant tool may include a pre-formed or pre-shaped shaft 54. In
this case, shaft 54 may be somewhat flexible while still being stiff enough to tunnel
through tissue. The flexibility may allow a user to manipulate the tool slightly to control
direction (e.g., steer) of the tunnel.

[0056] Handle 52 of open channel delivery tool 50 may also be made of a metal, alloy,
polymer, or other material or combination of materials. Handle 52 and elongate shaft 54
may, in some instances, be constructed of the same material. For example, open channel
delivery tool 50 may be formed of a single, unitary piece of material, such as metal or
rigid polymer. In other instances, handle 52 and elongate shaft 54 may be constructed of
different materials. In this case, handle 52 and shaft 54 may be formed of separate
components that are attached together to form open channel delivery tool 50, e.g., viaa
two piece construction. For example, handle 52 may be made of polymer and shaft 54
may be made of metal and attached to handle 52 to form open channel delivery tool 50.
Example metals or alloys from which handle 52 or shaft 54 may be constructed include,
but are not limited to, stainless steel, titanium, titanium alloys, nickel-cobalt, and nickel-
cobalt alloys. Example polymers may include, but are not limited to, acetal resin (e.g.,
DELRIN®), polyether ether ketone (PEEK), polycarbonate, polypropylene composites,
and liquid-crystal polymer (LCP). In addition, lubricious fillers and coatings may be used
to improve lubricity during tunneling and lead insertion. Such additives or coatings
include, but are not limited to, siloxane, PTFE, and Foster ProPell™. Example radiopaque

additives may include, without limitation, BaSO4, WC, and Bi203.
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[0057] Distal end 58 of shaft 54 may be shaped to aid in tunneling through tissue or
muscle. For example, distal end 58 of the shaft 54 may be tapered, angled, blunt, rounded,
pointed, bent or otherwise shaped to enable a user to tunnel through tissue, ligaments,
muscle or other structure without excess damage to surrounding tissue, piercing through
the skin, or coring of the tissue.

[0058] Open channel delivery tool 50 and bore-in tool 60 may be used in conjunction with
one another to safely traverse the diaphragmatic attachments. In one example, open
channel delivery tool 50 and bore-in tool 60 may be used together to access the substernal
space. As will be described below, using the tools in conjunction with one another may
allow traversing the diaphragmatic attachments while controlling momentum of the shaft
54 of delivery tool 50 after the traversal of the attachments. In this manner, the implant
tool allows traversing of the diaphragmatic attachments with a reduced likelihood of
damage to surrounding organs.

[0059] Initially, an implanter or other user grips handle 62 and screws distal end 68 of
helix 64 of bore-in tool 60 until the helix is firmly embedded into the diaphragmatic
attachments near a center of the torso of patient 12 (e.g., just below the xiphoid process).
In one example, distal end 68 of helix 64 does not traverse the diaphragmatic attachments.
In another example, distal end 68 of helix 64 does traverse the diaphragmatic attachments.
[0060] After embedding helix 64 of bore-in mechanism 60 into the diaphragmatic
attachments, distal end 58 of shaft 54 of open channel delivery tool 50 is inserted within
lumen 66 of bore-in mechanism 60. In particular, distal end 58 of shaft 54 is placed within
lumen 66 near handle 62 and advanced toward distal end 68 of helix 64. Bore-in
mechanism 60 is pulled away from patient 12 while shaft 54 of open channel delivery tool
50 is advanced toward patient 12. By pulling bore-in mechanism 60 away from patient 12,
the diaphragmatic attachments are pulled slightly away from chest cavity providing
additional space for the distal end 58 of shaft 54 of open channel delivery tool 50 after it
traverses the diaphragmatic attachments. In this manner, the implant tool allows
traversing of the diaphragmatic attachments with a reduced likelihood of damage to
surrounding organs.

[0061] After traversing the diaphragmatic attachments with shaft 54 of open channel
delivery tool 50, bore-in mechanism 60 may either be left in place or may be unscrewed

from the diaphragmatic attachments and moved to the proximal end of shaft 54. Distal
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end 58 of shaft 54 may be tunneled along the posterior side of the sternum to a desired
location. Once at the desired location, the user may deliver an implantable electrical lead,
such as defibrillation lead 16 of FIG. 1, catheter or other implantable structure in the
tunnel or path formed by open channel delivery tool 50 by pushing the defibrillation lead
16 through open channel 56 of shaft 54 and then removing tool 50 while leaving
defibrillation lead 16 in the path created by the implant tool.

[0062] Delivery tool 50 may be used to form a subcutaneous tunnel lateral between the
center of the torso of the patient to a pocket on the left side of the patient. Lead 16 may be
advance along channel 56 and delivery tool 50 may be removed leaving the proximal
portion of lead 16 in place along the lateral path. This may be done before or after the
substernal tunneling. The connector of lead 16 may be connected to the ICD.

[0063] In other embodiments, bore-in mechanism 60 may be integrated within delivery
tool 50. For example, bore-in mechanism 60 may be permanently mounted on delivery
tool 50 and capable of sliding along shaft 54. In such a case, deliver tool 50 and/or bore-in
mechanism 60 may include some sort of locking mechanism by which bore-in mechanism
may be fixed at the distal end during the boring and traversing process and then unlocked
and slid to the proximal end of shaft 54 during the tunneling process. Moreover, delivery
tool 50 may include some sort of trigger or other actuation mechanism for controllably
moving shaft 54 through the lumen of bore-in mechanism 60 to controllably traverse the
diaphragmatic attachments. The trigger may, for example, move shaft 54 a fixed distance
relative to bore-in mechanism each time the trigger is actuated.

[0064] Additionally, although the implant tool of FIG. 3 utilizes an open channel delivery
tool in conjunction with bore-in element 60, the implant tool of FIG. 3 and/or the
procedure described above can be performed using a more conventional tunneling tool
(e.g., metal or polymer rod) and sheath. Example rods and sheaths include, but are not
limited to, the Medtronic™ 6996T tunneling tool, Emblem™ S-ICD Subcutaneous
Electrode Insertion Tool (Model 4711) distributed by Boston Scientific™, and the
OptiSeal™ Valved Peelable Introducer distributed by Greatbatch™ Medical. In yet
another embodiment, bore-in mechanism 60 may be used with other lead implant
techniques, such as over the wire implant techniques. In this example, bore-in mechanism
60 may be constructed such that lumen 66 is sized to receive a guide wire. Bore-in

mechanism 60 is screwed through the diaphragmatic attachments and the guide wire is
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routed through lumen 60 into the substernal space. Once the guide wire is placed within
the substernal space, the bore-in mechanism is removed. An introducer or other vascular
access device may dilate the opening through the diaphragmatic attachments. A lead may
then be placed using an over-the-wire technique.

[0065] FIG. 6 is a schematic diagram illustrating another implant tool that includes open
channel delivery tool 50 and another example bore-in mechanism 70. Bore-in mechanism
70, which is also illustrated FIG. 7, includes a handle 72 and a screw 74. Screw 74
includes a shaft 76 and a helical thread 78. Shaft 76 has a length L4 that extends from
handle 72 to a distal end. Length L4 may be between approximately 1.5-6.0 inches in one
example. However, length L4 may be less than 1.5 inches or greater than 6.0 inches in
other instances. In some instances, at least a portion of shaft 76 may include a helical
groove to receive helical thread 78. In one example, shaft 76 may be made of a polymer.
In another example, shaft 76 may be made of a malleable metal or metal alloy.

[0066] Helical thread 78 is illustrated in FIGs. 6 and 7 as extending along substantially the
entire length L4 of shaft 76. In other instances, however, helical thread 78 may only
extend along a distal portion of shaft 76. For example, helical thread 78 may only extend
along approximately the distal one-third of shaft 76. Helical thread 78 has a pitch (P2),
which is the width of one complete helix turn, and which may be between approximately
0.05 - 0.30 inches. Other pitches may be used in other embodiments however. Helical
thread 78 may be made from a metal or metal alloy. In other instances, helical thread 78
may be made from a polymer.

[0067] Handle 72 may be constructed of metal, metal alloy, polymer, or other material or
combination of materials. Handle 72 may be sized and shaped to fit within a hand and be
ergonomically comfortable. Handle 72 may, for example, have a length between 1.5 — 6.0
inches. However, handle 72 may have lengths greater and less than this range without
departing from the scope of this disclosure. Handle 72 of FIGs. 6 and 7 may have a
number of sides, e.g., from 2-6 for example), may be a smooth cylindrical handle, a “T”
handle, or other type of handle. The handle may also be formed to accommodate
connection to open channel delivery tool 50.

[0068] Shaft 54 of open channel delivery tool 50 and bore-in mechanism 70 are sized such

that screw 74 of bore-in mechanism 70 fits within open channel 56 of delivery tool 50.
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Thus, screw 74 may be constructed to have an outer diameter that is less than the inner
diameter of open channel 56.

[0069] Open channel delivery tool 50 and bore-in mechanism 70 may be used in
conjunction with one another to safely traverse the diaphragmatic attachments. In one
example, open channel delivery tool 50 and bore-in mechanism 70 may be used together
to access the substernal space. As will be described below, using the tools in conjunction
with one another may allow traversing the diaphragmatic attachments while controlling
momentum of the tool after the traversal of the attachments. In this manner, the implant
tool allows traversing of the diaphragmatic attachments with a reduced likelihood of
damage to surrounding organs.

[0070] Initially, an implanter or other user grips handle 72 and turns to screw the distal
end of screw 74 into the diaphragmatic attachments near a center of the torso of patient 12
(e.g.. just below the xiphoid process). In one example, the distal end of screw 74 does not
traverse the diaphragmatic attachments. In another example, the distal end of screw 74
does traverse the diaphragmatic attachments.

[0071] After embedding screw 74 of bore-in mechanism 70 into the diaphragmatic
attachments, open channel 56 of delivery tool 50 is placed adjacent to the portion of screw
74 exiting the patient body such that screw 74 resides within open channel 56. As
described above, shaft 76 and helical thread 78 are capable of being flexed or bent. Bore-
in mechanism 70 is pulled away from patient 12 while shaft 54 of open channel delivery
tool 50 is advanced toward patient 12. By pulling bore-in mechanism 70 away from
patient 12, the diaphragmatic attachments are pulled slightly away from chest cavity
providing additional space for the distal end 58 of shaft 54 of delivery tool 50 to traverse
after it passes through the diaphragmatic attachments. In this manner, the implant tool
allows traversing of the diaphragmatic attachments with a reduced likelihood of damage to
surrounding organs.

[0072] After traversing the diaphragmatic attachments with shaft 54 of open channel
delivery tool 50, bore-in mechanism 70 is unscrewed from the diaphragmatic attachments
and removed from open channel 56 and the body of patient 12. Distal end 58 of shaft 54
may be tunneled along the posterior side of the sternum to a desired location. Once at the
desired location, the user may deliver an implantable electrical lead, such as defibrillation

lead 16 of FIG. 1, catheter or other implantable structure in the tunnel or path formed by
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open channel delivery tool 50 by pushing the defibrillation lead 16 through open channel
56 of shaft 54 and then removing tool 50 while leaving defibrillation lead 16 in the path
created by the implant tool.

[0073] Delivery tool 50 may be used to form a subcutaneous tunnel lateral between the
center of the torso of the patient to a pocket on the left side of the patient. Lead 16 may be
advanced along channel 56 and delivery tool 50 may be removed leaving the proximal
portion of lead 16 in place along the lateral path. This may be done before or after the
substernal tunneling. The connector of lead 16 may be connected to the ICD.

[0074] In other embodiments, bore-in mechanism 70 may be integrated within delivery
tool 50. For example, bore-in mechanism 70 may be permanently mounted within open
channel 56 of delivery tool 50 and capable of sliding along open channel 56. To achieve
such a configuration, bore-in mechanism 70 may not have a handle or the handle may be
the same handle as the delivery tool 50. In such a case, delivery tool 50 and/or bore-in
mechanism 70 may include some sort of locking mechanism by which bore-in mechanism
70 may be fixed at the distal end during the boring and traversing process and then
unlocked and slid to the proximal end of open channel 56 during the tunneling process.
Moreover, delivery tool 50 may include some sort of trigger or other actuation mechanism
for controllably moving bore-in mechanism 70 along open channel 56 and/or for moving
shaft 54 relative to bore-in mechanism 70 to controllably traverse the diaphragmatic
attachments. The trigger may, for example, move shaft 54 a fixed distance relative to
bore-in mechanism 70 each time the trigger is actuated. The inner surface of shaft 54
forming open channel 56 may be threaded along at least a portion of the shaft 54 to match
the threading of screw 74.

[0075] Various examples have been described. These and other examples are within the

scope of the following claims.
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CLAIMS

1. An implant tool for implanting an implantable medical lead, implantable catheter
or other implantable component within a patient, the implant tool comprising;
an open channel delivery tool that includes:
ahandle, and
a shaft adjacent the handle, the shaft having a proximal end, a distal end,
and an open channel that extends from near the proximal end to the distal end; and

a bore-in mechanism configured to interact with the open channel delivery tool.

2. The implant tool of claim 1, wherein the bore-in mechanism includes:

ahandle; and

a helix extending from the handle, the handle and the helix forming a lumen that
extends through the handle and the helix and is configured to receive the shaft of the open

channel delivery tool.

3. The implant tool of claim 1, wherein the bore-in mechanism comprises:
a handle; and
a screw extending from the handle, wherein the open channel of the delivery tool is

sized to receive the screw of the bore-in mechanism.

4, The implant tool of claim 3, wherein the screw of the bore-in mechanism
comprises:
a shaft; and

a helical thread that extends along at least a portion of the shaft.

5. The implant tool of any one of claims 3—4, wherein the handle is shaped to

accommodate the shaft of delivery tool.

6. The implant tool of any one of claims 1-5, wherein a distal end of the helix or the

screw of the bore-in mechanism is sharp.
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7. The implant tool of any one of claims 1-6, wherein the bore-in mechanism is
slideably attached to the shaft of the open channel delivery tool such that the bore-in
mechanism may be positioned at the distal end of the shaft in a first position to aid in
boring and traversing the diaphragmatic attachments slid toward the proximal end of the in

a second position for tunneling.

8. The implant tool of any one of claims 1-7, further comprising an actuation
mechanism on the handle of the delivery tool for controllably moving the shaft relative to

the bore-in mechanism.

9. An implant tool for implanting an implantable medical lead, implantable catheter
or other implantable component within a patient, the implant tool comprising;
a bore-in mechanism that includes:
ahandle, and
a helix extending from the handle, the handle and the helix forming a
lumen that extends through the handle and the helix; and
a tunneling tool that includes a shaft configured to be placed through the lumen of

the bore-in mechanism.
10. The implant tool of claim 9, wherein the tunneling tool comprises:

arod, and

a sheath configured to be placed over the rod.
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