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MEDICAL DEVICES HAVING DEFORMABLE STRUCTURES PROVIDING MEDICAL
LEAD FIXATION

TECHNICAL FIELD
[0001] Embodiments relate to medical devices that receive medical leads. More
particularly, embodiments relate to medical devices that include deformable structures to

provide fixation of the medical leads that have been inserted into the medical devices.

BACKGROUND
[0002] Medical devices that provide a medical function such as electrical stimulation are
often affixed to the body at a position of convenience. This is particularly true for
implantable medical devices where the device is implanted in a convenient location that may
be some distance from a target site within the body where the medical therapy is to be
applied. A medical lead is attached to the medical device and is routed to the target site
within the body.
[0003] The medical lead for electrical stimulation provides electrical contacts on a
proximal end and electrodes on a distal end with conductors inside a lead body where those
conductors interconnect proximal contacts to distal electrodes that are in contact with the
body tissue. The lead is typically attached to the medical device by the proximal end of the
lead being inserted into a bore within a header block of the medical device. The proximal
contacts of the lead become electrically coupled to electrical connectors within the header
block so that stimulation signals pass from the electrical connectors to the proximal contacts
and then through the conductors to the distal electrodes.
[0004] To fix the lead within the bore, a set screw within a set screw block of the header
block is tightened onto a metal ring on the proximal end of the medical lead that is present
within the bore of the header block. While the set screw adequately fixes the position of the
proximal end of the lead within the bore of the header block, using a set screw for lead
fixation presents some drawbacks. For instance, in most cases a clinician must use a tool to
tighten the set screw because the set screw cannot be adequately gripped and because the set

screw becomes countersunk within the set screw block as the set screw is tightened.



WO 2016/077592 PCT/US2015/060394

Furthermore, the set screw presents a connection that potentially exposes the interior of the

header block to fluid ingress.

SUMMARY
[0005] Embodiments address issues such as these and others by providing a medical
device that includes a grip and a deformable structure to establish lead fixation. When the
grip is manipulated, a compression force is applied to the deformable structure which then
applies a radial force to the proximal end of the lead within the header bore. Thus, the
deformable structure provides fixation of the lead within the header block. In one or more
embodiments, the deformable structure may also provide a sealing function to prevent the
ingress of fluids around the lead and into the header bore.
[0006] Embodiments provide a method of fixing a proximal end of medical lead into a
bore of a medical device. The method involves inserting the proximal end of the medical
lead into the bore. The method further involves transferring force from a grip that is movable
relative to the bore to a deformable structure constrained relative to the bore by the medical
device to cause compression of the deformable structure so that the deformable structure
engages the lead within the bore to fix the position of the lead as the deformable structure
compresses.
[0007] Embodiments provide a medical device that includes a header block having a bore
with an engagement surface and a plurality of electrical connectors within the bore. The
medical device also includes a grip mechanically engaged with the engagement surface of the
header block. Additionally, the medical device includes a deformable structure that is
constrained by the header block, the deformable structure providing a compression force in a
radial direction of the bore when a force is applied from the grip to the deformable structure.
[0008] Embodiments provide a medical system that includes a medical device having a
stimulation circuit and a header block. The header block has a bore with an engagement
surface and a plurality of electrical connectors within the bore that are electrically coupled to
the stimulation circuit. The medical device further includes a grip mechanically engaged
with the engagement surface of the header block and also includes a deformable structure
that is constrained by the header block. The deformable structure provides a compression

force in a radial direction of the bore when a force is applied from the grip to the deformable
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structure. The medical system includes a medical lead that has a lead body surrounding
electrical conductors, the lead body having a proximal region positioned within the bore of
the header block. The proximal region has a plurality of contacts that engage corresponding
electrical connectors in the bore and engage the conductors within the lead body. The
deformable structure is compressed into contact with a portion of the proximal region of the

medical lead to fix the medical lead within the bore.

DESCRIPTION OF THE DRAWINGS
[0009] FIG. 1 shows an operating environment for various embodiments where a medical
system including a medical device and a medical lead are attached to or implanted into a
patient.
[0010] FIG. 2A shows an example of a medical device having a grip that can be
manipulated to provide lead fixation.
[0011] FIG. 2B shows a perspective view of a header block and an associated grip.
[0012] FIG. 3A shows a cross-sectional view of a first example of a grip and an
associated header block that has a deformable structure that provides fixation to a medical
lead within the header block.
[0013] FIG. 3B shows a cross-sectional view of the first example of a grip and an
associated header block that has a deformable structure that provides fixation to a medical
lead within the header block but further includes a washer that abuts the grip.
[0014] FIG. 4 shows a cross-sectional view of a second example of a grip and an
associated header block that has a deformable structure that provides fixation to a medical
lead within the header block.
[0015] FIG. 5A shows a cross-sectional view of a third example of a grip and an
associated header block that has a deformable structure that provides fixation to a medical
lead within the header block.
[0016] FIG. 5B shows a cross-sectional view of a fourth example of a grip and an
associated header block that has a deformable structure that provides fixation to a medical

lead within the header block.
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[0017] FIG. 6A shows a cross-sectional view of a fifth example of a grip and an
associated header block that has a deformable structure that provides fixation to a medical
lead within the header block.

[0018] FIG. 6B shows a cross-sectional view of the fifth example of a grip and an
associated header block that has a deformable structure that provides fixation to a medical
lead within the header block but omits the additional sealing features.

[0019] FIG. 6C shows a cross-sectional view of a sixth example of a grip and an
associated header block that has a deformable structure that provides fixation to a medical
lead within the header block but omits the additional sealing features but creates fixation
against a metal ring on the lead.

[0020] FIG. 7 shows an example of a deformable conical structure that may be utilized
with one or more embodiments to provide lead fixation.

[0021] FIG. 8 shows a perspective view of a sixth example of a grip and an associated
header block including first and second mating structures to lock the grip in a tightened state
to maintain fixation of a medical lead provided by a deformable structure.

[0022] FIG. 9 shows a cross-sectional view of the sixth example.

[0023] FIG. 10A shows a cross-sectional view of a seventh example that utilizes a twist
lock to secure the grip and maintain fixation of a medical lead.

[0024] FIG. 10B shows a front view of the grip of the example of FIG. 10A.

[0025] FIG. 10C shows a side cross-sectional view of the grip of the example of FIG.
10A.

[0026] FIG. 10D shows a rear view of the grip of the example of FIG. 10A.

[0027] FIG. 10E shows a perspective view of the medical device of the example of FIG.

10 to further illustrate a slot that provides the twist lock in conjunction with the grip.

DETAILED DESCRIPTION
[0028] Embodiments provide medical devices with a grip mechanically engaged with a
header block and a deformable structure within a bore of the header block. Manipulation of
the grip results in compression of the deformable structure which causes the deformable
structure to apply force radially relative to the bore so as to contact a proximal region of the

lead that is present within the bore. The force being applied by the deformable structure to
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the proximal region of the lead results in fixation of the lead within the bore of the header
block.

[0029] FIG. 1 shows a medical system 100 that includes a medical device 102 and a
medical lead 106. In this particular example, the medical system 100 including the medical
device 102 and the medical lead 106 are implantable. The medical lead 106 includes a
proximal end that has been inserted into a bore of a header block 104 of the medical device
102. The distal end of the medical lead 106 includes electrodes 108 that are positioned at a
target site where electrical stimulation therapy is to be provided.

[0030] FIG. 2A shows an example of the medical device 102 and a header block 104 of
the medical device 102. The header block 104, as well as the header blocks of the other
figures that are discussed herein, may be a separate assembly that is mounted to the medical
device 102 or may be integral to the medical device 102 via a common housing. The medical
device 102 of this example includes stimulation circuitry 202 that provides electrical
stimulation signals via a set of feed through conductors 206 that interconnect with
corresponding electrical connectors 204 inside of the header block 104. The medical device
102 of this example also includes a grip 208 that can be grasped and manipulated by a
clinician, and thus by hand and without tools, when connecting a lead 106 to the header block
104 of the medical device 102.

[0031] The header block 104 and grip 208 are also shown in the perspective view of FIG.
2B. As can be seen in FIGS. 2A and 2B, the grip 208 may include grooves 210 or other
knurled like surface treatments to provide additional friction that aids in grasping and
manipulating the grip 208. The grip 208 is movable relative to the header block 104 which
allows the grip 208 to be manipulated to provide fixation of the lead 106 that has been
inserted into a bore 212 of the grip 208 of this example that leads to the bore of the header
block 104. Examples of manipulation of the grip 208 to provide fixation for the lead 106 are
discussed below with reference to FIGS. 3-6. In this example, the header block 104 includes
a cover 214 that may be installed on to the header block 104 after the internal features of the
header block 204 such as electrical connectors and seals are positioned and surrounded with a
filler material.

[0032] FIG. 3A shows a cross-sectional view of an example of a header block 300 with a

design that utilizes a deformable structure for lead fixation. The header block 300 includes a
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housing 302, and within the housing 302 a bore 308 is defined by a nose structure 306
affixed or integral to the housing 302 and a series of interleaved seals 312 and electrical
connectors 310. A proximal end of the lead 106 has been inserted into a bore 320 of a grip
304 and further into the bore 308 of the remainder of the header block 300. The electrical
connectors 310 make physical contact with electrical contacts 322 of the lead 106, and
conductors 324 of the lead 106 are electrically coupled with corresponding electrical contacts
322 such that the conductors 324 are electrically coupled with the connectors 310. The
conductors 324 extend to the distal end of the lead 106 (not shown in FIG. 3A) where they
are electrically coupled to corresponding electrodes 108.

[0033] In this example, the lead 106 includes a ring 326 that has a flange that provides a
hard stop for the lead 106 within the bore 308. Conventionally, a set screw would be
tightened against this ring 326 to fix the position of the lead 106, but in this example the set
screw has been eliminated. Instead, the nose structure 306 is provided with an engagement
surface 316, which in this example is an exterior threaded surface, and the grip 304 is
likewise provided with an interior threaded surface 314 that threads onto the surface 316.
Therefore, the grip 304 in this example acts as a nut that tightens against the nose structure
306 when turned a given direction.

[0034] A deformable structure 318, which in this example is an elastomeric O-ring, is
positioned between a blunt end of the nose structure 306 and an internal surface of the grip
304. As the grip 304 is manipulated by being turned in the tightening direction, the grip 304
moves toward the nose structure 306 and therefore compresses the deformable structure 318.
The deformable structure 318 then deforms so as to shrink in the direction of movement of
the grip 304 but to grow in a direction perpendicular to the direction of movement of the grip
304 which is a radial direction of the bore 308.

[0035] Because the surface of the grip 304 that applies the force to the deformable
structure 318 is turning, a washer 319 which is shown in FIG. 3B may be positioned between
the inner surface of the grip 304 and the deformable structure 318. The turning surface of the
grip 304 contacts the washer 319 rather than directly contacting the deformable structure 318
to lessen any chance of damaging the deformable structure 318 due to the motion of the grip

304.
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[0036] By growing in the radial direction of the bore 308, the deformable structure 318
creates a force in that radial direction by pressing against the lead 106. In this example, the
deformable structure 318 presses directly against a lead body 328 of the lead 106. It will be
appreciated that a metal ring could be placed about the lead body in the position where the
deformable structure 318 makes contact if so desired, or may make contact with the ring 326
as discussed in other embodiments below. This force against the lead 106 creates a high
degree of friction between the deformable structure 318 and the lead body 328 which
provides fixation of the lead 106 within the header block 300. Additionally, the pressure of
the deformable structure against the lead 106 presents a seal to restrict fluid ingress. Another
advantage is that in some cases, the deformable structure 318 may have some degree of axial
movement further urging the lead body 328 into the fully inserted position within the header
block 300, such as where a ridge on the ring 326 becomes fully seated against a hard stop in
the header block 300.

[0037] Various materials may be used for the various objects of the header 300 of FIGS.
3A and 3B. The deformable structure may be constructed of various materials that provide
the deformable characteristic, such as silicone. The grip 304 may be constructed of materials
including metals such as titanium, niobium, or titanium-niobium alloys, and the like as well
as other materials including rigid polymers that are biocompatible. The housing 302 and the
nose structure 306, which may be integral or may be established as two or more coupled
pieces, may also be constructed of various materials, including the same materials noted
above for the grip 304. The electrical connectors and seals may be constructed of materials
that are used for these items in conventional header block designs.

[0038] FIG. 4 shows a cross-sectional view of a second example of a header block 400
with a design that utilizes a deformable structure for lead fixation. The header block 400
includes a housing 402, and within the housing 402 a bore 408 is defined by a nose structure
406 affixed or integral to the housing 402 and a series of interleaved seals 412 and electrical
connectors 410. A proximal end of the lead 106 has been inserted into a bore 420 of a grip
404 and further into the bore 408 of the remainder of the header block 400. The electrical
connectors 410 make physical contact with electrical contacts 422 of the lead 106, and
conductors 424 of the lead 106 are electrically coupled with corresponding electrical contacts

422 such that the conductors 424 are electrically coupled with the connectors 410. The
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conductors 424 extend to the distal end of the lead 106 (not shown in FIG. 4) where they are
electrically coupled to corresponding electrodes 108.

[0039] In this example, the lead 106 includes a ring 426 that has a flange that provides a
hard stop for the lead 106 within the bore 408. As discussed above in relation to FIG. 3A,
conventionally, a set screw would be tightened against this ring 426 to fix the position of the
lead 106, but in this example the set screw has been eliminated. Instead, the nose structure
406 1s provided with an engagement surface 414, which in this example is an interior
threaded surface, and the grip 404 is likewise provided with an exterior threaded surface 416
that threads onto the surface 414. Therefore, the grip 404 in this example acts as a nut that
tightens against the nose structure 406 when turned a given direction.

[0040] A deformable structure 418, which in this example is an elastomeric O-ring, is
positioned between a blunt end of the grip 404 and an internal surface of the nose structure
406. As the grip 404 is manipulated by being turned in the tightening direction, the grip 404
moves toward the nose structure 406 and therefore compresses the deformable structure 418.
The deformable structure 418 then deforms so as to shrink in the direction of movement of
the grip 404 but to grow in a direction perpendicular to the direction of movement of the grip
404 which is a radial direction of the bore 408. Because the blunt end of the grip 404 that
applies the force to the deformable structure 418 is turning, a washer, like washer 319
discussed above in relation to FIG. 3B may be positioned between the blunt end of the grip
404 and the deformable structure 418. In that case, the turning surface of the grip contacts
the washer rather than directly contacting the deformable structure 418 to lessen any chance
of damaging the deformable structure 418 due to the motion of the grip 404.

[0041] By growing in the radial direction of the bore 408, the deformable structure 418
creates a force in that radial direction by pressing against the lead 106. In this example, the
deformable structure 418 presses against the metal ring 426 of the lead 106, but it will be
appreciated that the deformable structure 418 may be positioned to contact the lead body
directly instead. This force against the lead 106 creates a high degree of friction between the
deformable structure 418 and the ring 426 which provides fixation of the lead 106 within the
header block 400. Additionally, the pressure of the deformable structure against the lead 106

presents a seal to restrict fluid ingress.
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[0042] As with the header block 300 of FIGS. 3A and 3B, the items of the header block
400 may also be constructed of various materials. Indeed, the same materials listed for the
items of the header block 300 may also be used for those items within the header block 400.
[0043] FIG. 5A shows a cross-sectional view of a third example of a header block 500
with a design that utilizes a deformable structure for lead fixation. The header block 500
includes a housing 502, and within the housing 502 a bore 508 is defined by a nose structure
506 affixed or integral to the housing 502 and a series of interleaved seals 512 and electrical
connectors 510. A proximal end of the lead 106 has been inserted into a bore 520 of a grip
504 and further into the bore 508 of the remainder of the header block 500. The electrical
connectors 510 make physical contact with electrical contacts 522 of the lead 106, and
conductors 524 of the lead 106 are electrically coupled with corresponding electrical contacts
522 such that the conductors 524 are electrically coupled with the connectors 510. The
conductors 524 extend to the distal end of the lead 106 (not shown in FIG. 5A) where they
are electrically coupled to corresponding electrodes 108.

[0044] In this example, the lead 106 includes a ring 526 that has a flange that provides a
hard stop for the lead 106 within the bore 508. As discussed above in relation to FIGS. 3 and
4, conventionally, a set screw would be tightened against this ring 526 to fix the position of
the lead 106, but in this example the set screw has been eliminated in this example. Instead,
the nose structure 506 is provided with an engagement surface 516, which in this example is
an exterior threaded surface, and the grip 504 is likewise provided with an interior threaded
surface 514 that threads onto the surface 516. Therefore, the grip 504 in this example acts as
a nut that tightens against the nose structure 506 when turned a given direction.

[0045] In this example, a ferrule 505 is positioned within the bore of the nose structure
506 and the lead 106 passes through the ferrule 505. The ferrule 505 contacts an inner
surface of the grip 504 such that movement of the grip 504 as the grip is manipulated forces
the ferrule 505 to also move.

[0046] A deformable structure 518, which in this example is an elastomeric O-ring, is
positioned between a blunt end of the ferrule 505 and an internal surface of the nose structure
506. As the grip 504 is manipulated by being turned in the tightening direction, the grip 504
moves toward the nose structure 506 and therefore moves the ferrule 505 toward the

deformable structure 516 to compress the deformable structure 518. The deformable
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structure 518 then deforms so as to shrink in the direction of movement of the grip 504 but to
grow in a direction perpendicular to the direction of movement of the grip 504 which is a
radial direction of the bore 508. Because the blunt end of the grip 504 is turning but is
against the ferrule 505, there is no contact of the turning grip 504 to the deformable structure.
The ferrule 505 provides a similar affect to including a washer between the grip 504 and the
deformable structure 518 as discussed above in relation to FIG. 3B .

[0047] By growing in the radial direction of the bore 508, the deformable structure 518
creates a force in that radial direction by pressing against the lead 106. In this example, the
deformable structure 518 presses against the metal ring 526 of the lead 106, but it will be
appreciated that the deformable structure 518 may be positioned to contact the lead body
directly instead. This force against the lead 106 creates a high degree of friction between the
deformable structure 518 and the ring 526 which provides fixation of the lead 106 within the
header block 500. Additionally, the pressure of the deformable structure against the lead 106
presents a seal to restrict fluid ingress.

[0048] The ferrule 505 may have a collar as shown on the left side of the ferrule 505
that eventually abuts the blunt end of the nose structure 506 to act as a stop. The deformable
structure 518 will be creating pressure against the lead 106 at level adequate to fix the lead
106 position within the header block 500 just prior to the collar of the ferrule 505 reaching
the nose structure 506. By having the collar of the ferrule 505 contact the nose structure 506,
over compression of the deformable structure 518 that might cause damage is prevented.
[0049] FIG. 5B shows a cross-sectional view of a fourth example where the header block
500 and most components may be the same as from the third example in FIG. 5A. However,
rather than utilizing a deformable structure 518 of FIG. 5A that has the round or oval cross-
section, a deformable structure 518’ is utilized that has a conical cross-section. The internal
surface of the housing 502 provides a matching conical surface to which the conical surface
of the deformable structure 518’ makes contact. As the ferrule 505 is forced against the
deformable structure 518°, the deformable structure 518’ is forced to achieve a smaller inside
diameter.

[0050] This decreased inner diameter results in the deformable structure 518’ making
contact with the lead 106, and in this example, contacting the ring 526. This contact creates

the lead fixation. The deformable structure 518’ may be of various forms such as a metallic
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O-ring. This metallic O-ring may be coated or electroplated to allow better adhesion and to
provide a ductile surface for better sealing against the lead body. As discussed above for the
example of FIG. 5A, the ferrule 505 may have a collar on the left side that eventually abuts
the blunt end of the nose structure to prevent over compression of the deformable structure
518°.

[0051] As with the header block 300 of FIG. 3A, the items of the header block 500 of
FIGS. 5A and 5B may also be constructed of various materials. Indeed, the same materials
listed for the items of the header block 300 may also be used for those items within the
header block 500. Further, the ferrule 505 of the header block 500 may be constructed of
various materials well, such as titanium, niobium, titanium-niobium alloys, MEP3ISN® alloy
(Ni-Co~-Cr-Mo alloy), stainless steel and the like.

[0052] FIG. 6A shows a cross-sectional view of an example of a header block 600 with a
design that utilizes a deformable structure for lead fixation. The header block 600 includes a
housing 602, and within the housing 602 a bore 608 is defined by a nose structure 606
affixed or integral to the housing 602 and a series of interleaved seals 612 and electrical
connectors 610. A proximal end of the lead 106 has been inserted into a bore 620 of a grip
604 and further into the bore 608 of the remainder of the header block 600. The electrical
connectors 610 make physical contact with electrical contacts 622 of the lead 106, and
conductors 624 of the lead 106 are electrically coupled with corresponding electrical contacts
622 such that the conductors 624 are electrically coupled with the connectors 610. The
conductors 624 extend to the distal end of the lead 106 (not shown in FIG. 6A) where they
are electrically coupled to corresponding electrodes 108.

[0053] In this example, the lead 106 includes a ring 626 that has a flange that provides a
hard stop for the lead 106 within the bore 608. Conventionally, a set screw would be
tightened against this ring 626 to fix the position of the lead 106, but in this example the set
screw has been eliminated. Instead, the nose structure 606 is provided with an engagement
surface 616, which in this example is an exterior threaded surface, and the grip 604 is
likewise provided with an interior threaded surface 614 that threads onto the surface 616.
Therefore, the grip 604 in this example acts as a nut that tightens against the nose structure

606 when turned a given direction.
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[0054] In this example, a deformable structure 605 that is a conical structure is positioned
within the conical bore 607 of the nose structure 606 and the lead 106 passes through the
conical structure 605. The conical structure 605 contacts an inner surface of the grip 604
such that movement of the grip 604 as the grip is manipulated forces the conical structure
605 to also move. Because the conical bore 607 of the nose structure 606 engages a conical
surface 609 of the conical structure 605, as the conical structure 605 moves, the conical
structure 605 begins to deform where a diameter of the conical structure 605 begins the
decrease.

[0055] As the diameter of the bore through the conical structure 605 decreases, the
conical structure begins to compress onto the lead 106. In this example, the conical structure
605 presses directly against a lead body 628 of the lead 106. This force against the lead 106
creates a high degree of friction between the conical structure 605 and the lead body 628
which provides fixation of the lead 106 within the header block 600. Because the conical
structure 605 presents a relatively large amount of surface area in contact with the lead body
628 compared with an O-ring of the prior embodiments, the force is distributed over a
relatively large surface area of the lead body 628 which lessens the likelihood of such
pressure cause damage to the lead body 628.

[0056] One or more additional deformable structures may also be included. In this
example of FIG. 6A, three additional deformable structures 617, 618, and 619 are included in
the form of elastomeric O-rings. One deformable structure 617 is positioned between the
blunt end of the grip 604 and a shoulder of the housing 602. Another deformable structure
618 1s positioned between an internal surface of the grip 604 and a blunt end of the conical
structure 605. The other deformable structure 619 is positioned between a flange of the
conical structure 605 and a blunt end of the nose structure 606. As the grip 604 is
manipulated by being turned in the tightening direction, the grip 604 moves toward the nose
structure 606, the housing 602, and the deformable structure 618, and this movement of the
grip 604 in turn compresses the deformable structures 617 and 618 while also moving the
flange of the conical structure 605 toward the deformable structure 619 to compress the
deformable structure 619. The deformable structures 617, 618, and 619 then deform so as to
shrink in the direction of movement of the grip 604 but to grow in a direction perpendicular

to the direction of movement of the grip 604 which is a radial direction of the bore 608.
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[0057] By growing in the radial direction of the bore 608, the deformable structure 618
creates a force in that radial direction by pressing against the lead 106 while the deformable
structure 617 presses against the nose structure 606. This may provide an additional sealing
function. The deformable structure 619 creates a force in the radial direction by pressing
against the conical structure 605, and this may also provide an additional sealing function.
[0058] The example of FIG. 6B shows the header block 600 without the additional
deformable structures 617, 618, and 619. In this example, it can be seen that the grip 604
directly contacts the blunt end of the conical structure 605. There remains a gap between the
flange and the nose structure 606 and there remains a gap between the end of the grip 604
and the shoulder of the housing 602.

[0059] The example of FIG. 6C shows a header block 600’ that includes a conical
surface 609’ where the slope of the conical surface 609’ extends down to the point where the
ring 626 is present. Thus, as the grip 604 is moved toward the header block 600’ such as by
turning the grip 604, the slope of the conical structure 605’ engages the slope of the conical
surface 609’ thereby causing the conical structure 605’ to be forced toward and eventually
contact the ring 626. This contact against the ring 626, which is typically a rigid material
such as a biocompatible metal, provides fixation of the lead 628 within the header block 600’
without the conical structure 605 contacting the lead body that is typically a polymer that is
softer than the ring 626.

[0060] As with the header block 300 of FIG. 3, the items of the header block 600, 600’ of
FIGS. 6 A-6C may also be constructed of various materials. Indeed, the same materials listed
for the items of the header block 300 may also be used for those items within the header
block 600, 600°. Further, the conical structure 605 of the header block 600, 600 may be
constructed of various materials as well, such as titanium, niobium, titanium-niobium alloys,
and the like. While the conical structure 605, 605 deforms to some degree to make contact
with the lead 106 and/or metal ring 626, the conical structure 605, 605 may be constructed
of metal because slits in the cone may be provided to allow the cone to deform to a smaller
diameter.

[0061] FIG. 7 shows an example of the conical structure 605. The slits 611 can be seen.
These slits allow the conical structure to deform by being compressed to the smaller diameter

inner bore.
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[0062] In these prior examples, the grip has been described as providing a function like a
nut by being threaded onto matching threads on the nose structure. However, other forms of
the grip are also possible for these various examples that may or may not include threads.
Likewise, the nose structure of these examples may or may not utilize threads. For instance,
the grip could have other structures that lock to structures of the nose structure upon a
clinician manipulating the grip by forcing the grip to move toward the nose structure, which
in turn causes the deformation of the deformable structure that creates contact with the lead
to provide fixation of the lead within the header block.

[0063] Other modifications are also possible. For example, the header blocks 300, 400,
500, and 600 discussed above are shown as having a single lead bore and therefore a single
lead fixation configuration of the grip and deformable structure. However, it will be
appreciated that header blocks 300, 400, 500 and 600 may be provided with multiple lead
bores where a grip and deformable structure is provided for each bore so that each lead may
be individually fixed in place and removed by manipulation of the corresponding grip.

[0064] FIGS. 8 and 9 show a seventh example of a grip 704 and header block 700 having
a housing 702. As with the prior examples, the header block 700 includes a deformable
structure 718 within a bore. In this example a washer 719 is present so that the grip 704 does
not turn directly against the deformable structure 718, but in other embodiments the washer
719 may be omitted. Also in this example, the grip includes a shaft portion 705 having a
threaded surface 714 while a nose structure 706 of the header block 700 includes a threaded
surface 716 that engages the threaded surface 714 to allow the grip 704 to be turned to screw
the grip 704 further into the bore and to apply force to the deformable structure 718.

[0065] To ensure that grip 704 maintains a tightened position to deform the structure 718
and provide fixation to the medical lead, mating structures such as holes 703 and a detent 707
are provided on the grip 704 and on the header block 700, respectively. In the example
shown, the holes 703 of the grip 704 are provided on the radial surface of the grip 704 that
faces the header block 700. These holes 703 may pass through the grip 704 or may be only a
partial depth. In this example, the detent 707 is present on the nose structure 706 of the
header block 700 and faces toward the grip 704. Once the grip 704 is tightened, the detent
707 engages a particular hole 703 which prevents the grip 704 from turning during normal

use but may be turned when force is being applied by a user.
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[0066] While a single detent 707 is shown, it will be appreciated that multiple detents
may be present and may be spaced in correspondence with the spacing of the holes 703.
Additionally, the position of the detent(s) 707 and the holes 703 may instead be swapped
where the detent(s) 707 are present on the radial surface of the grip 704 while the holes 703
are present on the nose structure 706. The grip 704 and the nose structure 706 including the
detent 707 may be constructed of the same materials as discussed above for other
embodiments. It will be further appreciated that the use of mating structures such as holes
and detents of FIGS. 8 and 9 may be applied to the prior examples to lock the grip in place
and maintain the fixation of the lead.

[0067] FIGS. 10A-10E show an example where a twist locking grip is used instead of a
threaded grip. The housing 802 of the header block 800 of a medical device includes the
deformable structure 818 that engages the lead 828, such as at the connector 826 to provide
fixation. The translation of the grip 804 due to force by a user causes translation of the
ferrule 805 which is forced into the deformable structure 818 to cause compression onto the
lead 828 that passes through the bore 820. Rather than threading the grip 804 onto the nose
structure 806, the grip 804 includes a protrusion 8§14 that engages and travels along a slot 816
present on the nose structure 806. As can be seen in FIG. 10E, the slot 816 has a turn that
establishes a locked position when the protrusion 814 is forced as far as possible toward the
housing 802, is then twisted as far as possible within the slot 816, and is thereafter released.
There is a slight amount of over pressure applied to the deformable structure 818 during the
twisting motion and then the pressure is reduced slightly to the normal lead fixation pressure
once the grip 804 is released into the locked position provided by the turn in the path of slot
the 816.

[0068] While the twist of the grip 804 to the locked position in the path of the slot 816 is
a counter-clockwise twist as shown in FIG. 10E, it will be appreciated that the path of the
slot 816 could instead provide for a clockwise twist to lock the position of the grip 804.
Additionally, the provide additional back pressure on the grip 804 to further hold the grip 804
in the locked position provided by the path of the slot 816, a washer 807 may be positioned
between the header block 802 and the grip 804. This washer 807 may be a lock washer, a
Bellevue washer, and the like to provide the back pressure onto the grip 804. Additionally,

the washer 807 may be attached to the grip 804, attached to the header block 802, or may
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exist as a separate object positioned between the grip 804 and header block 802.
Furthermore, it will be appreciated that such a washer may be included in the prior
embodiments also in order to create pressure and friction against the threaded grips in order
to resist the loosening of the grips.

[0069] While embodiments have been particularly shown and described, it will be
understood by those skilled in the art that various other changes in the form and details may

be made therein without departing from the spirit and scope of the invention.
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What is claimed is:
1. A method of fixing a proximal end of medical lead into a bore of a medical device,
comprising:

inserting the proximal end of the medical lead into the bore; and

transferring force from a grip that is movable relative to the bore to a deformable
structure constrained relative to the bore by the medical device to cause compression of the
deformable structure so that the deformable structure engages the lead within the bore to fix

the position of the lead as the deformable structure compresses.

2. The method of claim 1, wherein transferring force from the grip to the deformable
structure comprises turning of the grip so that threads of the grip that are engaged with

threads of the medical device cause the grip to translate toward the deformable structure.

3. The method of claim 2, further comprising causing a mating structure on the grip to

engage a mating structure on the medical device to prevent the grip from turning.

4. The method of any of claims 1-3, wherein transferring force from the grip to the
deformable structure further comprises moving the grip to force a ferrule to contact and

compress the deformable structure.

5. The method of any of claims 1-2, wherein transferring force from the grip to the
deformable structure further comprises moving the grip into contact with the deformable

structure to compress the deformable structure.

6. The method of any of claims 1-5, wherein the deformable structure is an O-ring that

applies a force in a radial direction of the bore upon being compressed.

7. The method of any of claims 1-4, wherein the deformable structure is a conical structure
that engages a conical portion of the medical device and that applies a force in a radial

direction of the bore upon being compressed.
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8. The method of claim 7, wherein the conical portion contacts a ring on the lead.

9. The method of claim 1, wherein transferring force from the grip to the deformable
structure comprises forcing the grip so that a protrusion of the grip that travels along a slot of
the medical device and so that the grip translates toward the deformable structure and
twisting the grip to cause the protrusion to follow a turn in the path that locks the grip in

place.

10. An medical device, comprising:

a header block having a bore with an engagement surface and a plurality of electrical
connectors within the bore;

a grip mechanically engaged with the engagement surface of the header block; and

a deformable structure that is constrained by the header block, the deformable structure
providing a compression force in a radial direction of the bore when a force is applied from

the grip to the deformable structure.

11. The medical device of claim 10, wherein the engagement surface is a threaded surface
and wherein the grip provides a threaded surface that engages the threaded surface of the

header block.

12. The medical device of claim 11, further comprising a mating structure on the grip and a
mating structure on the header block, wherein the mating structure on the grip engages the

mating structure on the header block to prevent the grip from turning,.

13. The medical device of claim 11, wherein the engagement surface is on an exterior of a

portion of the header block and the threaded surface of the grip is on an interior portion of the

grip.

14. The medical device of claim 11, wherein the engagement surface is on an interior of a

portion of the header block and the threaded surface of the grip is on an exterior portion of

the grip.
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15. The medical device of any of claims 10-14, further comprising a ferrule that is movable
relative to the bore, the grip abutting the ferrule to move the ferrule when the grip is moved,

the ferrule being in contact with the deformable structure.

16. The medical device of any of claims 10-14, wherein the grip contacts the deformable

structure.

17. The medical device of any of claims 10-16, wherein the deformable structure is an O-

ring.

18. The medical device of claim 16, wherein the deformable structure is a conical structure
that engages a conical portion of the header block and that applies a force in a radial direction
of the bore upon being compressed.

19. The medical device of claim 18, wherein the conical structure comprises slits.

20. The medical device of any of claims 10-19, wherein a housing of the header block is a

polymer.

21. The medical device of any of claims 10-19, wherein a housing of the header block is a

metal.

22. The medical device of any of claims 10-21, wherein the deformable structure contacts the

lead body directly.

23. The medical device of any of claims 10-21, further comprising a metal ring on the lead

and wherein the deformable structure contacts the metal ring.
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24. The medical device of any of claims 10-23, wherein the header block has a second bore
with a second engagement surface and a plurality of electrical connectors within the second
bore;

a second grip mechanically engaged with the second engagement surface of the header
block; and

a second deformable structure that is constrained by the header block, the deformable
structure providing a compression force in a radial direction of the second bore when a force

is applied from the second grip to the second deformable structure.

25. The medical device of claim 10, wherein the engagement surface comprises a slot that
defines a path with a turn and wherein the grip provides a protrusion that engages the slot of

the header block and moves within the slot to become locked in place.

26. A medical system, comprising:
a medical device having a stimulation circuit and a header block, the header block having
a bore with an engagement surface and a plurality of electrical connectors within the bore
that are electrically coupled to the stimulation circuit;
the medical device further comprising;:
a grip mechanically engaged with the engagement surface of the header
block; and
a deformable structure that is constrained by the header block, the
deformable structure providing a compression force in a radial direction of the
bore when a force is applied from the grip to the deformable structure; and
a medical lead having a lead body surrounding electrical conductors, the lead body
having a proximal region positioned within the bore of the header block, the proximal region
having a plurality of contacts that engage corresponding electrical connectors in the bore and
engage the conductors within the lead body, the deformable structure being compressed into
contact with a portion of the proximal region of the medical lead to fix the medical lead

within the bore.
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27. The medical system of claim 26, wherein the engagement surface is a threaded surface
and wherein the grip provides a threaded surface that engages the threaded surface of the

header block.

28. The medical system of claim 27, wherein the medical device further comprises a mating
structure on the grip and a mating structure on the header block, wherein the mating structure

on the grip engages the mating structure on the header block to prevent the grip from turning.

29. The medical system of claim 27, wherein the engagement surface is on an exterior of a

portion of the header block and the threaded surface of the grip is on an interior portion of the

grip.

30. The medical system of claim 27, wherein the engagement surface is on an interior of a

portion of the header block and the threaded surface of the grip is on an exterior portion of

the grip.
31. The medical system of claim 26, further comprising a ferrule that is movable relative to

the bore, the grip abutting the ferrule to move the ferrule when the grip is moved, the ferrule

being in contact with the deformable structure.

32. The medical system of claim 31, wherein the ferrule comprises a collar that abuts the
nose structure upon manipulation of the grip to prevent over compression of the deformable
structure.

33. The medical system of claim 26, wherein the grip contacts the deformable structure.

34. The medical system of any of claims 26-33, wherein the deformable structure is an O-

ring.
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35. The medical system of claim 33, wherein the deformable structure is a conical structure
that engages a conical portion of the header block and that applies a force in a radial direction

of the bore upon being compressed.

36. The medical system of claim 35, wherein the conical structure comprises slits.

37. The medical system of any of claims 26-36, wherein a housing of the header block is a

polymer.

38. The medical system of any of claims 26-36, wherein a housing of the header block is a

metal.

39. The medical system of any of claims 26-38, wherein the deformable structure contacts

the lead body directly.

40. The medical system of any of claims 26-38, further comprising a metal ring on the lead

and wherein the deformable structure contacts the metal ring.

41. The medical system of any of claims 26-40, wherein the header block has a second bore
with a second engagement surface and a plurality of electrical connectors within the second
bore;

a second grip mechanically engaged with the second engagement surface of the header
block; and

a second deformable structure that is constrained by the header block, the deformable
structure providing a compression force in a radial direction of the second bore when a force

is applied from the second grip to the second deformable structure.

42. The medical system of any of claims 26-41, wherein the header block includes an integral

nose structure that provides the engagement surface.

22



WO 2016/077592 PCT/US2015/060394

43. The medical system of any of claims 26-41, wherein the deformable structure being
compressed into contact with a portion of the proximal region of the medical lead creates a

seal.

44. The medical system of claim 26, wherein the engagement surface comprises a slot that
defines a path with a turn and wherein the grip provides a protrusion that engages the slot of

the header block and moves within the slot to become locked in place.
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