US 20170056674A1
ao) United States

12 Patent Application Publication o) Pub. No.: US 2017/0056674 A1

Bortolin et al. 43) Pub. Date: Mar, 2, 2017
(54) SYSTEMS AND METHODS FOR ATTACHING  (52) US. Cl.

PRE-FABRICATED HEADER CONNECTOR CPC . AGIN 1/3752 (2013.01); AGIB 5/686

ASSEMBLY TO HOUSING OF (2013.01)

IMPLANTABLE ELECTRONIC DEVICE

(71) Applicant: PACESETTER, INC., Sylmar, CA

(US) (57) ABSTRACT
(72) Inventors: Dino Bortolin, Camarillo, CA (US);
Ekaterina Tkatchouk, Sherman QOaks, . .
CA (US); Christopher R. Jenney, Implementatlons of the pre.sent dl.sclosure may tgke the form
Valencia, CA (US) of an implantable electronic device such as an implantable
pulse generator for administering electrotherapy via an
(21) Appl. No.: 14/839,750 implantable medical lead configured to couple with the
implantable pulse generator, or an implantable cardiac moni-
(22) Filed: Aug. 28, 2015 tor. The implantable electronic device includes a housing, a

header connector assembly and a sealing member. The

Publication Classification header connector assembly includes a connector assembly

(31) Imt. CL and a header enclosing the connector assembly. The sealing
A6IN 17375 (2006.01) member is sandwiched between the header connector assem-
A61B 5/00 (2006.01) bly and the housing.

40

30

33




Patent Application Publication = Mar. 2,2017 Sheet 1 of 15 US 2017/0056674 Al

10

/

i
e

FIG.
PRIOR ART

186

11 \
14

16




Patent Application Publication = Mar. 2, 2017 Sheet 2 of 15 US 2017/0056674 Al




Patent Application Publication = Mar. 2, 2017 Sheet 3 of 15 US 2017/0056674 Al




Patent Application Publication = Mar. 2, 2017 Sheet 4 of 15 US 2017/0056674 Al

786

FIG. 3B




Patent Application Publication

48

50
52

54

56
58
60

Mar. 2,2017 Sheet 5 of 15

US 2017/0056674 A1



Patent Application Publication = Mar. 2, 2017 Sheet 6 of 15 US 2017/0056674 Al

SEE FIG. 10

63

FIG. 5




Patent Application Publication = Mar. 2, 2017 Sheet 7 of 15 US 2017/0056674 Al

72

b=

68

FIG. 6

il

—
¥
\\

72

]



Patent Application Publication = Mar. 2,2017 Sheet 8 of 15 US 2017/0056674 Al

SEE FIG. 11



US 2017/0056674 A1

Mar. 2,2017 Sheet 9 of 15

Patent Application Publication




Patent Application Publication = Mar. 2,2017 Sheet 10 of 15 US 2017/0056674 Al

84

FIG. 11

gh
/

<
=

HW_
N/
p=
)|
,

H1

LN

R1

— H2

76
A J
A



Patent Application Publication = Mar. 2,2017 Sheet 11 of 15 US 2017/0056674 A1l

FIG. 12




Patent Application Publication = Mar. 2,2017 Sheet 12 of 15 US 2017/0056674 A1l

b=
[+



Patent Application Publication = Mar. 2,2017 Sheet 13 of 15 US 2017/0056674 A1l

\_,30 T— H3

FIG. 14

W2 [e—

/J

72



Patent Application Publication = Mar. 2,2017 Sheet 14 of 15 US 2017/0056674 A1l

72

88

FIG. 15




Patent Application Publication = Mar. 2,2017 Sheet 15 0f 15  US 2017/0056674 A1l

RECEIVE PRE-FABRICATED HEADER CONNECTOR ASSEMBLY.
[BLOCK 200]

Y

POSITION PRE-FABRICATED HEADER CONNECTOR ASSEMBLY IN
HOLDING TRAY IN PREPARATION FOR RECEIVING DISPENSED
MATERIAL.

[BLOCK 205]

|

PLACE PRE-FABRICATED HEADER CONNECTOR ASSEMBLY ON
HOUSING WITH SEALING MEMBER SANDWICHED BETWEEN ABUTTING
SURFACES OF HEADER CONNECTOR ASSEMBLY AND HOUSING.
[BLOCK 210]

|

WELD ELECTRICAL TABS OF CONNECTOR ASSEMBLY TO
CORRESPONDING TERMINALS EXTENDING VIA FEEDTHRU FROM
CIRCUITRY ENCLOSED IN HOUSING.

[BLOCK 215]

BACKFILL HEADER CONNECTOR ASSEMBLY TO HOUSING.
[BLOCK 220]

FIG. 16
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SYSTEMS AND METHODS FOR ATTACHING
PRE-FABRICATED HEADER CONNECTOR
ASSEMBLY TO HOUSING OF
IMPLANTABLE ELECTRONIC DEVICE

FIELD OF THE INVENTION

[0001] Aspects of the present invention relate to medical
apparatus and methods. More specifically, the present inven-
tion relates to systems and methods for attaching a pre-
fabricated header connector assembly to a housing of an
implantable electronic device such as an implantable pulse
generator or implantable cardiac monitor.

BACKGROUND OF THE INVENTION

[0002] Implantable pulse generators (IPGs) such as pace-
makers and implantable cardioverter defibrillators (ICDs),
which are used in the treatment of cardiac conditions, and
neuromodulators or neurostimulators, which are used in
chronic pain management or the actuation and control of
other body systems, commonly include a housing, feedthrus,
and a connector assembly that is enclosed in a header.
Electrical stimulation originating in the housing is led to the
connector assembly through feedthrus. The connector
assembly serves to transmit electrical signals out of the IPG
and to a lead electrically connected to the connector assem-
bly, the lead transmitting electrical signals between the IPG
and patient tissue.

[0003] Other implantable electronic devices such as, for
example, implantable cardiac monitors (ICMs) also employ
a housing and a header. ICMs are used to monitor heart
function or other electrical signals, but do not administer
electrotherapy.

[0004] Current header casting manufacturing processes
and the associated methods of assembling the header and its
enclosed connector assembly onto the housing require mul-
tiple operations, are skill intensive, and unavoidably time
consuming. Connector assemblies are first cast into a header
separate from the housing, the header and the connector
assembly enclosed therein forming a header connector
assembly. The header connector assembly is joined with the
housing by injecting a thermosetting polymer (e.g., an
epoxy) into an interface between the header connector
assembly and the housing, such an injection process being
called a backfill process. This backfill process creates attach-
ment and electrical sealing between the header connector
assembly and the housing. However, the backfill process
nearly mirrors the extensive casting process used to encase
the connector assembly in the header to form the header
connector assembly, the backfill process involving mold
set-up, mold pre-heat, epoxy dispense, epoxy curing, and
mold breakdown. The backfill process is not only lengthy,
but also expensive due to its many tools and equipment, and
necessity for many skilled operators.

[0005] Due to the low viscosity characteristics of epoxy
used in the backfill process, the epoxy has a tendency to flow
into undesired areas. A common cause for rework on
implantable electronic devices involves epoxy entering one
or more of the lead connector receiving bores of the header
connector assembly, thereby forming a barrier to the estab-
lishment of critical electrical connections between the elec-
trical terminals of the lead connector ends and the electrical
contacts of the connector assembly. Such implantable elec-
tronic device rework further extends costs and manufactur-
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ing times. Other causes for rework are experienced through-
out the casting and backfill processes.

[0006] There is a need in the art for systems and methods
that reduces the complexity, time, tooling and costs associ-
ated with the backfill process.

BRIEF SUMMARY OF THE INVENTION

[0007] The devices and methods disclosed herein substan-
tially reduce, if not eliminate completely, costly “backfill”
tooling that is traditionally used to capture/retain backfill
material in the confines of the header backfill cavity. Irregu-
larities in the housings of implantable electronic device
(e.g., IPGs and ICMs) post welding traditionally create
leakage resulting in additional processing time, materials
and equipment. Creating a groove around the perimeter of
the header to receive or retain therein either a pre-formed
sealing member, or allow for dispensing of sealing material
in the groove to form a sealing member therein, eliminates
the need for separate tooling and provides a leak free
interface resulting in no additional post processing. The
sealing member can be incorporated in various materials
used to create a pre-manufactured header. Some non-limit-
ing examples include: two parts epoxies, thermal set poly-
urethanes and other various polymers used in the manufac-
turing of implantable electronic device headers such as those
employed for an IPG or an ICM.

[0008] Depending on the embodiment, the sealing mem-
ber material used to capture and retain the backfill material
can be silicone based in a preformed geometry or can be
dispensed directly into a groove on the bottom side of the
header. Once the sealing member material is in place in the
groove, the header can be assembled to the implantable
electronic device housing, and the backfill process can be
performed without the need of any additional tooling or post
processing.

[0009] One implementation of the present disclosure may
take the form of an implantable pulse generator for admin-
istering electrotherapy via an implantable medical lead
configured to couple with the implantable pulse generator.
The implantable pulse generator includes a housing, a
header connector assembly and a sealing member. The
header connector assembly includes a connector assembly
and a header enclosing the connector assembly. The sealing
member is sandwiched between the header connector assem-
bly and the housing. A similar implementation of the present
disclosure can take the form of another implantable elec-
tronic device, such as, for example, an implantable cardiac
monitor.

[0010] Inoneembodiment, the header connector assembly
may include a groove in which the sealing member at least
partially resides when sandwiched between the header con-
nector assembly and the housing. For example, the groove
may be defined in the header of the header connector
assembly.

[0011] In another embodiment, a top surface of the hous-
ing may include a groove in which the sealing member at
least partially resides when sandwiched between the header
connector assembly and the housing.

[0012] In one embodiment, the sealing member extends
along a peripheral boundary of an area of interfacing
between the header connector assembly and the housing. For
example, the sealing member may extend along the entirety
of the peripheral boundary continuous and uninterrupted.
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[0013] In one embodiment, the implantable pulse genera-
tor further includes a backfill material located in a backfill
volume defined between a bottom surface of the header
connector assembly, a top surface of the housing, and an
inner surface of the sealing member.

[0014] Inoneembodiment, the header connector assembly
includes a peripheral rim including a groove in which
sealing member resides. Alternatively, or additionally, in
some embodiments, the housing includes a peripheral rim
including a groove in which sealing member resides.
[0015] Depending on the embodiment, the sealing mem-
ber may include at least one of silicone rubber, polyurethane,
silicone rubber polyurethane copolymer (SPC), or a solvent
based adhesive.

[0016] Another implementation of the present disclosure
may take the form of a method of manufacturing an implant-
able pulse generator for administering electrotherapy via an
implantable medical lead configured to couple with the
implantable pulse generator, or a method of manufacturing
another implantable electronic device, such as, for example,
an implantable cardiac monitor. The method includes: a)
sandwiching a sealing member between a housing and a
header connector assembly; and b) backfilling between a top
surface of the housing, a bottom surface of the header
connector assembly, and an inner surface of the sealing
member.

[0017] In one embodiment, the method further includes
and subsequent to step a) and prior to step b), welding
components of a connector assembly of the header connec-
tor assembly to components of a feedthru of the housing.
[0018] In one embodiment of the method, the header
connector assembly includes a groove in which the sealing
member at least partially resides when sandwiched between
the header connector assembly and the housing. A top
surface of the housing may include a groove in which the
sealing member at least partially resides when sandwiched
between the header connector assembly and the housing.
Also, the header connector assembly may be pre-manufac-
tured prior to being used to sandwich the sealing member
between the housing and header connector assembly.
[0019] In one embodiment of the method, the sealing
member is a pre-manufactured part having the same geom-
etry as a groove in which the sealing member is received
prior to being sandwiched between the header connector
assembly and the housing. Also, the sealing member may
include at least one of silicone rubber, polyurethane, or
silicone rubber polyurethane copolymer (SPC).

[0020] In another embodiment of the method, the sealing
member may be deposited into a groove as a silicone rubber
based liquid or gel. The groove is part of at least the header
connector assembly or the housing. The silicone based liquid
or gel is fully cured before the sealing member is sand-
wiched between the header connector assembly and the
housing.

[0021] In yet another embodiment of the method, the
sealing member is deposited into a groove as a silicone
rubber based liquid or gel. The groove is part of at least the
header connector assembly or the housing. The silicone
based liquid or gel is not yet fully cured before the sealing
member is sandwiched between the header connector assem-
bly and the housing.

[0022] In another embodiment of the method, the sealing
member is deposited into a groove as a solvent based
adhesive. The groove is part of at least the header connector
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assembly or the housing. The solvent based adhesive is not
vet fully cured before the sealing member is sandwiched
between the header connector assembly and the housing.
[0023] While multiple embodiments are disclosed, still
other embodiments of the present disclosure will become
apparent to those skilled in the art from the following
detailed description, which shows and describes illustrative
embodiments of the disclosure. As will be realized, the
invention is capable of modifications in various aspects, all
without departing from the spirit and scope of the present
disclosure. Accordingly, the drawings and detailed descrip-
tion are to be regarded as illustrative in nature and not
restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG. 1 is an isometric view of a proximal end
portion (i.e., lead connector end) of a conventional trans-
venous bipolar pacing lead.

[0025] FIG. 2 is an isometric view of a cardiac pacemaker/
defibrillator unit (i.e., implantable pulse generator (IPG))
incorporating connector junctions or terminals for commu-
nication with one or more electrodes.

[0026] FIGS. 3A and 3B are opposite isometric views of
a representative header.

[0027] FIGS. 4A and 4B are opposite isometric views of
a representative connector assembly used with the header of
FIGS. 3A and 3B to form a header connector assembly.
[0028] FIG. 51is a side view of a header connector assem-
bly formed from the header of FIGS. 3A and 3B and the
connector assembly of FIGS. 4A and 4B, which is enclosed
in the header, the header connector assembly being config-
ured to receive and support a sealing member to be sand-
wiched between a bottom surface of the header connector
assembly and a top surface of a housing of an IPG.

[0029] FIG. 6 is a bottom plan view of the header con-
nector assembly of FIG. 5.

[0030] FIG. 7 is a connector end view of the header
connector assembly of FIG. 5.

[0031] FIGS. 8 and 9 are transverse cross sectional eleva-
tions of the header connector assembly as respectively taken
along section lines 8-8 and 9-9 of FIG. 5.

[0032] FIG. 10 is a longitudinal cross sectional elevation
of the header connector assembly as taken long section line
10-10 of FIG. 7.

[0033] FIGS. 11 and 12 are enlarged views of a corner
region of the header connector assembly that is encircled in
FIGS. 5 and 7, respectively, wherein the encircled region of
the header connector assembly has its exterior wall broken
away to show the groove and bottom edge hidden inside.
[0034] FIG. 13 is a bottom isometric view of the header
connector assembly with a feedthru of the housing also
shown as attached to corresponding components of the
connector assembly, the sealing member being received in
the groove defined in the bottom projecting rim of the header
connector assembly.

[0035] FIGS. 14 and 15 are the same respective views as
FIGS. 11 and 12, except now showing the sealing member
received in the groove of the bottom projecting rim.
[0036] FIG. 16 is a flow chart illustrating a method of
manufacturing an IPG, wherein the method employs a
sealing member sandwiched between a header connector
assembly and a housing of the IPG.
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DETAILED DESCRIPTION

[0037] Implementations of the present disclosure involve
an implantable electronic device such as an implantable
cardiac monitor (ICM) or an implantable pulse generator
(IPG). The IPG administers electrotherapy or other neuro-
stimulation via an implantable lead having a lead connector
end on a proximal end of the implantable lead. The IPG
includes a housing or can and a connector assembly
enclosed in a header to form a header connector assembly
that is coupled to the housing or can. The header connector
assembly has at least one lead connector receiving bore or
receptacle that includes electrical contacts of the connector
assembly that make electrical contact with corresponding
electrical terminals on the lead connector end on the proxi-
mal end of the implantable lead when the lead connector end
is plugged into or otherwise received in the lead connector
receiving bore or receptacle. Via the electrical connection
between the corresponding electrical terminals of the lead
connector end and the electrical contacts of the lead con-
nector receiving bore, electrical signals can be administered
from the IPG and through the lead to patient tissue. Simi-
larly, but in reverse, electrical signals originating in patient
tissue can travel via the lead to the IPG to be sensed at the
IPG.

[0038] The ICM is similar to the IPG in that it also
includes a housing or can and a header. However, unlike the
IPG, the ICM does not attach to leads and the ICM simply
monitors electrical signals and does not administer therapy.
[0039] The implantable electronic device configurations
and methods of assembly disclosed herein are advantageous
for at least the reason that they simplify the backfill process
used in the process of attaching the header connector assem-
bly to the housing. Specifically, the implantable electronic
devices disclosed herein are configured such that a pre-
molded header connector assembly with unique and advan-
tageous backfill retention features reduces the time, tooling,
complexity and cost associated with the backfill process. In
at least one of the embodiments disclosed herein, the pre-
molded header connector assembly with the unique and
advantageous backfill retention features substantially
reduces, if not entirely eliminates, the need for costly
backfill tooling while reducing the likelihood of backfill
leakage.

[0040] Before beginning a detailed discussion of the
assembly of the header and the connector assembly enclosed
therein onto the housing, a general discussion is first given
regarding features of a common lead connector end at the
proximal end of an implantable medical lead followed by a
general discussion of the features of an IPG. While follow-
ing discussion of the implantable electronic device is given
in the context on an IPG, it can be readily understood by
those of skill in the art that the discussion is applicable to an
ICM for the pertinent aspects of this disclosure.

[0041] FIG. 1 shows a proximal end portion 10 of a
conventional transvenous, bipolar pacing lead, but is gen-
erally representative of any type of implantable lead whether
in the cardiac, pain management or other medical treatment
space. The diameter of such a lead may be made a suffi-
ciently small diameter to facilitate the lead’s implantation
into small veins such as those found in the coronary sinus
region of the heart and to allow implantation of a plurality
of leads into a single vessel for multi-site or multi-chamber
pacing. It should be understood, however, that other lead
designs may be used, for example, multipolar leads have
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proximal ends portions that are bifurcated, trifurcated or
have other branched configurations. While the lead whose
proximal end is shown in FIG. 1 is of the bipolar variety,
there are unipolar leads that carry but a single electrode, and
multipolar leads that have more than two electrodes.

[0042] As is well known in the art, bipolar coaxial leads
typically consists of a tubular housing of a biocompatible,
biostable insulating material containing an inner multifilar
conductor coil that is surrounded by an inner insulating tube.
The inner conductor coil is connected to a tip electrode on
the distal end of the lead. The inner insulating tube is
surrounded by a separate, outer multifilar conductor coil that
is also enclosed within the tubular housing. The outer
conductor coil is connected to an anodal ring electrode along
the distal end portion of the lead. The inner insulation is
intended to electrically isolate the two conductor coils
preventing any internal electrical short circuit, while the
housing protects the entire lead from the intrusion of body
fluids. These insulating materials are typically either silicone
rubber or polyurethane. More recently, there have been
introduced bipolar leads in which multifilar cable conductors
contained within multilumen housings are substituted for the
conductor coils in order to reduce even further the overall
diameter of the lead.

[0043] The proximal lead end portion 10 shown in FIG. 1
includes a lead connector end 11 that conforms to the IS-1
standard, comprising a pair of coaxial spaced-apart electrical
terminals including a tip terminal 12 and a ring terminal 14.
The tip terminal 12 is electrically connected by means of the
inner conductor coil to the tip electrode at the distal end of
the lead, while the ring terminal 14 is electrically connected
to the anodal ring electrode by means of the outer conductor
coil. The tip and ring terminals of the lead connector end
may each be engaged by a conductive garter spring contact
or other resilient electrical contact element in a correspond-
ing lead connector receiving bore of the header, the resilient
electrical contact element being carried by a connector
assembly enclosed in the header as described below. The
lead connector end 11 on the proximal lead end portion 10
further comprises spaced-apart pairs of seal rings 16 for
abutting against in a fluid-sealing manner the inner circum-
ferential surface of the lead connector receiving bore of the
header, thereby preventing body fluids from reaching the
electrical terminals and contacts when the lead connector
end 11 is plugged into the corresponding lead connector
receiving bore. With the lead connector end 11 of the lead
inserted in the lead connector receiving bore of the header
and connector assembly, the tip and ring terminals 12 and 14
are electrically coupled via the contacts of the connector
assembly and a feedthru to the electronic circuits within the
hermetically sealed housing of the IPG (e.g., cardiac pace-
maker, ICD, or other implantable tissue stimulation and/or
sensing device such as those used in pain management, etc.).

[0044] FIG. 2 shows a multi-site or multi-chamber cardiac
pacemaker/defibrillator unit that is generally representative
of any type of IPG 20 incorporating a header connector
assembly 22 coupled to a housing 24. The header connector
assembly 22 includes a header 40 enclosing a connector
assembly 42, both of which are depicted respectively in
FIGS. 3A and 3B discussed below. The IPG 20 is of a
conventional design, including a hermetically sealed hous-
ing 24, which is also known as a can or casing. The housing
24 encloses the electronic components of the IPG 20 with
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the header connector assembly 22 mounted along a top
surface 26 of the housing 24.

[0045] FIG. 2 illustrates that, in some embodiments, the
header connector assembly 22 may include four or more
lead connector receiving bores or receptacles 30, 31, 32 and
33 for receiving the lead connector ends of four implantable
leads. FIG. 2 also shows the proximal end portion 10 of a
lead, wherein the lead connector end on the proximal end
portion 10 of the lead is received in a corresponding recep-
tacle 32. In other embodiments, the header connector assem-
bly 22 includes two receptacles comprising a single pair of
receptacles (i.e., receptacles 30 and 33) for receiving the
proximal ends of leads such as, for example, conventional
bipolar leads and/or conventional cardioverting and/or defi-
brillating leads.

[0046] FIGS. 3A and 3B are opposite isometric views of
arepresentative header 40 and FIGS. 4A and 4B are opposite
isometric views of a representative connector assembly 42.
Unlike the header connector assembly 22 of FIG. 2, the
header 40 of FIGS. 3A and 3B only has a single pair of
receptacles 30 and 33. However, in other embodiments, the
header 40 of FIGS. 3A and 3B may have two or more pairs
of receptacles similar to the embodiment of FIG. 2.

[0047] As illustrated in FIGS. 4A and 4B, the connector
assembly 42 includes tip blocks 44 and ring blocks 46. The
ring blocks 46 include spring contacts 48. Each electrical
block 44 and 46 of the connector assembly 42 serves as an
electrical contact of the connector assembly 42. Thus, as can
be understood from FIGS. 1-4B, each tip block 44 is
configured to receive and make electrical contact with the tip
terminal 12 of a lead connector end 11 received in the
corresponding receptacle 30, 33 of the header 40. Similarly,
each ring block 46 is configured to receive and make
electrical contact with the ring terminal 14 of a lead con-
nector end 11 received in the corresponding receptacle 30,
33 of the header 40. While the connector assembly 42 of
FIGS. 4A and 4B is of an IS-1 configuration, other configu-
rations (e.g., I1S-4, etc.) are used in other embodiments.
While the connector assembly 42 of FIGS. 4A and 4B only
depicts two pairs of blocks 44, 46, in other embodiments
where the header includes more than a single pair of
receptacles 30, 33 (e.g., two pairs of receptacles 30, 31, 32,
33 as indicated in FIG. 2), the connector assembly 42 will
have a four pairs of blocks 44, 46.

[0048] As shown in FIGS. 4A and 4B, the connector
assembly 42 also includes an antenna 48, a an RF anchor tab
50, an RF pin tab 52, an A-tip tab 54, an A-ring tab 56, an
RV-ring tab 58, an RV-tip tab 60, and a ribbon carrier 62 and
other conductors that extend between the various tabs and
their respective electrical contacts of the connector assembly
or other components thereof. The various tabs are welded to
corresponding terminals extending from circuitry of the IPG
20 contained in the housing 24 of the IPG 20 depicted in
FIG. 2 when the header connector assembly 22 is joined
with the housing 24 to form the IPG 20. The connector
assembly 42 is manufactured of materials and via methods
known in the industry. The connector assembly 42 is molded
into the header 40 to form the header connector assembly 22
of FIG. 2, which can be considered a first module that is then
attached via the backfill process to a second module in the
form of the housing 24. In other words, the header connector
assembly 22 (i.e., first module) is attached via the backfill
process to the housing 24 (i.e., the second module) to form
the TPG 20.
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A. Header Connector Assembly Having Sealing Member for
Sealing against Housing

[0049] A sealing member is sandwiched between two IPG
modules, namely, the header connector assembly 22 and the
housing 24, to form a sealed peripheral boundary extending
between the two IPG modules when attached together to
form the IPG 20. In one embodiment, the sealing member is
supported off of the header 40 of the header connector
assembly 22. More specifically, the sealing member is
supported off of a side of the header 40 that abuts against the
housing 24. When the header connector assembly is abutted
against the housing, the sealing member is sandwiched
against the opposed abutting surfaces of the header connec-
tor assembly and the housing, thereby forming a fluid-tight
seal at the seam between the header connector assembly and
the housing. This fluid tight seal substantially reduces, if not
eliminates, the need for expensive, complex and time con-
suming backfill tooling typically used to capture/retain back-
fill material in the confines of a header backfill cavity.
[0050] To begin a detailed discussion of the sealing mem-
ber and the associated attachment system and method,
reference is made to FIGS. 5, 6 and 7, which are, respec-
tively, a side view, bottom plan view, and connector end
view of a header connector assembly 22 configured to
receive and support the sealing member. The header con-
nector assembly 22 is formed from the header 40 of FIGS.
3A and 3B and the connector assembly 42 of FIGS. 4A and
4B. As discussed above, the connector assembly is enclosed
in the header. The header connector assembly 22 is config-
ured to receive and support a sealing member to be sand-
wiched between a bottom surface of the header connector
assembly and a top surface of a housing of an IPG.

[0051] As shown in FIGS. 5-7, the header connector
assembly 22 includes opposite sides 63, 65, a connector end
64 and a back end 66 opposite the connector end, a bottom
68 and a top 70 opposite the bottom. Lead connector
receiving bores or receptacles 30 and 33 daylight at the
connector end 64, and the bottom 68 is configured to abut
against a top surface 26 of the housing 24, as can be
understood from FIG. 2.

[0052] FIGS. 8 and 9 are transverse cross sectional eleva-
tions of the header connector assembly 22 as respectively
taken along section lines 8-8 and 9-9 of FIG. 5, and FIG. 10
is a longitudinal cross sectional elevation of the header
connector assembly as taken long section line 10-10 of FIG.
7. The various components 44, 46, 48, 50, 52, 54, 56, 58, 60
of the connector assembly 42, as discussed above in detail
with respect to FIGS. 4A and 4B, can be seen in FIGS. 8-10
as being encased in the material of the header 40 to form
header connector assembly 22.

[0053] As can be understood from FIGS. 5-10, a groove
72 extends along the entirety of the outer peripheral bound-
ary, just radially inward of the outer edge of the bottom 68
of the header connector assembly 22. As can be understood
from FIG. 3B, the groove 72 is defined in a bottom project-
ing rim 74 of the exterior wall structure 76 of the header 40.
Both the bottom projecting rim 74 and the groove 72 defined
therein extend uninterrupted and continuous about the outer
peripheral boundary of the bottom of the header connector
assembly. The bottom rim 74 projects downward from an
adjacent bottom planar surface 78 of the header 40. The
bottom planar surface 78 can be said to be upwardly
recessed relative to the peripheral bottom rim 74 that sur-
rounds the bottom planar surface 78.
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[0054] FIGS. 11 and 12 are enlarged views of a corner
region of the header connector assembly 22 that is encircled
in FIGS. 5 and 7, respectively, wherein the encircled region
of the header connector assembly has its exterior wall
broken away to show the groove 72 and bottom rim 74
hidden inside. As illustrated in FIGS. 11 and 12, and as can
also be understood from FIGS. 3B, 8 and 9, a bottom
peripheral rim 74 has an outer edge 80 and an inner edge 82
inward from the outer edge 80 and across the groove 72 from
the outer edge 80. The outer edge 80 is defined by an
intersection between the arcuate surface of the groove 72
and an arcuate surface of radius R1 that transitions from the
outer edge 80 to the outer wall surface 76. The arcuate
surface of the groove 72 has a radius of R2.

[0055] The inner edge 82 is defined by an intersection
between the arcuate surface of the groove 72 and an arcuate
surface of radius R3 that transitions from the inner edge 82
to another arcuate surface of radius R4 that transitions to the
bottom planar surface 78, which is perpendicular to the outer
wall surface 76. The outer edge 80 projects downward a
height H1 from the bottom planar surface 78, and the inner
edge 82 is recessed upward relative to the outer edge 80 a
height H2. Thus, the bottom rim 74 formed by outer edge 80,
inner edge 82 and the arcuate transitions having radii R1, R3
and R4 can be said to have inner and outer projective heights
H1 and (H1-H2) relative to the bottom planar surface 78.
Also, the bottom rim 74 formed by outer edge 80, inner edge
82 and the arcuate transitions having radii R1, R3 and R4
can be said to have a width W. As can be understood from
FIGS. 3B and 10, when the header connector assembly 22 is
coupled with the housing 24 as depicted in FIG. 2, the
bottom rim 74, the bottom planar surface 78 and the top
surface 26 of the housing 24 combine to define an enclosed
backfill void 84 in which a backfill material can be injected
during the backfill process.

[0056] In one embodiment, the dimensions indicated in
FIGS. 11 and 12 will be as follows: height H1 will be 0.248
inch plus or minus approximately 0.005 inch; height H2 will
be 0.004 inch plus or minus approximately 0.001 inch; width
W1 will be 0.434 inch plus or minus 0.005 approximately
inch; radius R1 will be 0.01 inch plus or minus approxi-
mately 0.002 inch; radius R2 will be 0.01 inch plus or minus
approximately 0.002 inch; radius R3 will be 0.003 inch plus
or minus approximately 0.001 inch; and radius R4 will be
0.015 inch plus or minus approximately 0.005 inch.
[0057] While the embodiment depicted in FIGS. 11 and 12
illustrates a groove 72 and associated surrounding structure
wherein the groove 72 has a semi-circular cross-section, the
groove and the associated surrounding structure having the
above-noted dimensions, in other embodiments, those
dimensions may smaller or larger than those indicated. Also,
the shapes of the groove and associated surrounding struc-
ture may differ from those depicted in FIGS. 11 and 12. For
example, the groove 72 may have a rectangular, triangular,
octagonal, hexagonal, or other cross-sectional shape.
[0058] As shown in FIG. 13, which is a bottom isometric
view of the header connector assembly 22 with a feedthru 86
of the housing 24 also shown as attached to corresponding
components of the connector assembly 42, the sealing
member 88 is received in the groove 72 defined in the
bottom projecting rim 74 of the header connector assembly
22. In some embodiments, as can be understood from FIG.
3B, the groove 72, and also any sealing member 88 con-
tained therein, extend continuous and uninterrupted about
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the entirety of the peripheral boarder edge of the header
connector assembly 22. In other embodiments, as depicted
in FIG. 13, the groove 72 and the sealing member 88
contained therein extend continuous and uninterrupted about
the peripheral boarder edge of the header connector assem-
bly 22, except at certain access breaks 90 in the groove 72,
sealing member 88 and wall surface 76, such access breaks
90 being available to access welding locations between the
feedthru 86 and corresponding components of the connector
assembly 42.

[0059] As illustrated in FIGS. 14 and 15, which are the
same respective views as FIGS. 11 and 12, except now
showing the sealing member 88 received in the groove 72 of
the bottom projecting rim 74, the sealing member 88 may
have an upper arcuate end that has a mirror radius that
matches the radius R2 (see FIGS. 11 and 12) of the groove
72 such that the sealing member 88 fully occupies the
groove 72 and the mirrored arcuate surfaces of the sealing
member and the groove abut in mating surface contact. As
can be understood from FIGS. 14 and 15, the lower portion
of the sealing member 88 may have a cross sectional shape
that is generally rectangular or have another cross sectional
shape such as, for example, oval, square, triangular, etc. The
height of the sealing member 88 is sufficient such that it
downwardly projects a height H3 beyond the outer edge 80
of the bottom projecting rim 74 when the sealing member is
fully seated in the groove 72. The sealing member 88 also
has a width W2.

[0060] In one embodiment, the dimensions indicated in
FIGS. 14 and 15 will be as follows: height H3 will be 0.010
inch plus or minus approximately 0.002 inch; and width W2
will be 0.02 inch plus or minus 0.005 approximately inch.
[0061] While the embodiment depicted in FIGS. 14 and 15
illustrates a sealing member 88 having a combination rect-
angular and semi-circular cross-section, the sealing member
having the above-noted dimensions, in other embodiments,
those dimensions may smaller or larger than those indicated.
Also, the shape may differ from that depicted in FIGS. 11
and 12. For example, the sealing member 88 may have a
fully rectangular cross-sectional shape, a fully circular
cross-sectional shape, or a triangular, octagonal, hexagonal,
or other cross-sectional shape.

[0062] While the groove 72 and the rim 74 in which it is
defined are discussed above as being part of the header
connector assembly 22, and more specifically, as part of the
header 40 of the header connector assembly, in other
embodiments, the groove and its rim can be part of the top
surface 26 of the housing 24 and similarly configured to
receive the sealing member 88. In yet other embodiments, a
groove 72 and its rim 74 can be located on both the top
surface 26 of the housing 24 and the bottom surface of the
header connector assembly 22 or its header 40, both of such
groove and rim combinations being oppositely positioned
relative to each other when the header connector assembly
and housing are abutted against each other and both of such
groove and rim combinations being configured to receive the
sealing member. While any of the aforementioned embodi-
ments as discussed as having a rim 74 in which a groove 72
1s defined, in some embodiments, the rim 74 will be absent
and the groove 72 will simply be defined in a bottom surface
of the header connector assembly or in a top surface 26 of
the housing.

[0063] The sealing member 88 acts like a gasket or seal
between the header connector assembly 22 and the housing



US 2017/0056674 Al

24 of the TPG 20 and is part of the final product forming the
IPG 20. In a first manufacturing embodiment, the sealing
member 88 is a pre-manufactured part having the same
geometry as the groove 72. This pre-manufactured sealing
member 88 is placed into the groove 72 as indicated in FIGS.
13-15. In such an embodiment, the pre-manufactured sealing
member 88 may be made of an elastomer or other appro-
priate sealing materials. For example, the pre-manufactured
sealing member 88 may be made of silicone rubber, ther-
moplastic polyurethane (TPU), polycarbonate-polyurethane
(PCU), polyurethane, silicone rubber polyurethane copoly-
mer (SPC), polyolefin, or other biostable and biocompatible
materials. In other words, the pre-manufactured sealing
member 88 may be made of at least one of a silicone
elastomer, a thermoplastic elastomer, or other appropriate
materials. Once the sealing member has been placed in the
groove, the header connector assembly 22 is clamped
together with the housing 24, and the components of the
connector assembly 42 are resistance or laser welded to the
corresponding components of the housing feedthru. The
backfill material is then introduced into the backfill cavity
84, after which the backfill material is allowed to cure before
the IPG goes to final processing.

[0064] In a second manufacturing embodiment, the seal-
ing member 88 is deposited into the groove 72 as a silicone
rubber based liquid or gel via manual delivery or an auto-
mated dispensing machine. This silicone rubber liquid or gel
material is then allowed to cure to result in a gasket or seal
similar in configuration to the pre-manufactured part dis-
cussed immediately above with respect to the first manu-
facturing embodiment. Once the sealing member has been
fully cured within the groove, the header connector assem-
bly 22 is clamped together with the housing 24, and the
components of the connector assembly 42 are resistance or
laser welded to the corresponding components of the hous-
ing feedthru. The backfill material is then introduced into the
backfill cavity 84, after which the backfill material is
allowed to cure before the IPG goes to final processing.

[0065] In a third manufacturing embodiment, the sealing
member 88 is deposited into the groove 72 as a silicone
rubber based liquid or gel via manual delivery or an auto-
mated dispensing machine. Before the sealing member has
fully cured within the groove, the header connector assem-
bly 22 is clamped together with the housing 24. Once the
sealing member has finally cured, the components of the
connector assembly 42 are resistance or laser welded to the
corresponding components of the housing feedthru. The
backfill material is then introduced into the backfill cavity
84, after which the backfill material is allowed to cure before
the IPG goes to final processing. By sandwiching the
uncured sealing member between the header connector
assembly and the housing and allowing the sealing member
to then cure, the sealing member provides an added level of
adhesion between the header connector assembly and the
housing over that provided by a simple backfill process.

[0066] In still another embodiment, a solvent based adhe-
sive is made by dissolving a raw resin (e.g., thermoplastic
polyurethanes (TPU), polycarbonates (PC), polyurethane,
silicone-polyurethane copolymer (SPC), polyolefin, or etc.)
in a corresponding organic highly polar solvent (e.g., N,N-
dimethylformamide (DMF), tetrahydrofuran(THF), N,N-di-
methyl acetamide, dimethylsulfoxide (DMSQO), Dimethyl-
acetamide (DMAC), Acetone, or etc.). Such resins may be
employed in the manufacturing of a polymer based IPG
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headers. The solvent based adhesive can be prepared at
different concentrations of the resin in order to achieve a
predetermined viscosity that will allow the adhesive to flow
easily from an automated dispensing machine or by hand
into the groove 72. Once the adhesive is occupying the
groove 72, the adhesive can then cure by solvent evapora-
tion. The header connector assembly and the housing are
attached just before the complete solvent evaporation takes
place. The solvent based adhesive cures in place into the
sealing member 88 much like occurs with respect to the
sealing member discussed above with respect to the second
or third manufacturing embodiments. However, the resulting
sealing member provides higher tensile strength, ductility,
and hardness in comparison to silicone rubbers. The solvent
based adhesive will also achieve a higher bonding strength
with titanium surfaces. Once the sealing member has finally
cured, the components of the connector assembly 42 are
resistance or laser welded to the corresponding components
of the housing feedthru. The backfill material is then intro-
duced into the backfill cavity 84, after which the backfill
material is allowed to cure before the IPG goes to final
processing.

[0067] As can be understood from FIG. 16 in view of the
four manufacturing embodiments, a pre-fabricated header
connector assembly 22 is provided [block 200]. The pre-
fabricated header connector assembly is placed in a holding
tray in preparation for receiving dispensed material [block
205]. The pre-fabricated header connector assembly is
placed on the housing with the sealing member 88 located in
the groove 72 and sandwiched between the abutting surfaces
of the header connector assembly 22 and the housing 24
[block 210]. The electrical tables of the connector assembly
are welded to the corresponding terminals extending via the
feedthru from the IPG circuitry enclosed in the housing
[block 215]. Backfill is then delivered between the header
connector assembly and the housing to join the two IPG
modules together in forming the IPG [block 220].

[0068] The foregoing merely illustrates the principles of
the invention. Various modifications and alterations to the
described embodiments will be apparent to those skilled in
the art in view of the teachings herein. It will thus be
appreciated that those skilled in the art will be able to devise
numerous systems, arrangements and methods which,
although not explicitly shown or described herein, embody
the principles of the invention and are thus within the spirit
and scope of the present invention. From the above descrip-
tion and drawings, it will be understood by those of ordinary
skill in the art that the particular embodiments shown and
described are for purposes of illustrations only and are not
intended to limit the scope of the present invention. Refer-
ences to details of particular embodiments are not intended
to limit the scope of the invention.

1. An implantable electronic device comprising:

a housing;

a header connector assembly comprising a connector
assenibly and a header enclosing the connector assem-
bly; and

a sealing member sandwiched between the header con-
nector assembly and the housing, the sealing member
extending along a peripheral boundary of an area
interfacing between the header connector assembly and
the housing.

2. The implantable electronic device of claim 1, wherein

the header connector assembly comprises a groove in which



US 2017/0056674 Al

the sealing member at least partially resides when sand-
wiched between the header connector assembly and the
housing.

3. The implantable electronic device of claim 2, wherein
the groove is defined in the header of the header connector
assembly.

4. The implantable electronic device of claim 1, wherein
atop surface of the housing comprises a groove in which the
sealing member at least partially resides when sandwiched
between the header connector assembly and the housing.

5. (canceled)

6. The implantable electronic device of claim 1, wherein
the sealing member extends along the entirety of the periph-
eral boundary continuous and uninterrupted.

7. The implantable electronic device of claim 1, further
comprising a backfill material located in a backfill volume
defined between a bottom surface of the header connector
assembly, a top surface of the housing, and an inner surface
of the sealing member.

8. The implantable electronic device of claim 1, wherein
the header connector assembly comprises a peripheral rim
including a groove in which sealing member resides.

9. The implantable electronic device of claim 1, wherein
the housing comprises a peripheral rim including a groove in
which sealing member resides.

10. The implantable electronic device of claim 1, wherein
the sealing member comprises at least one of a scone
elastomer, a thermoplastic, elastomer, or a solvent based
adhesive.

11. The implantable device of claim 1, wherein the
implantable electronic device comprises an implantable
pulse generator for administering electrotherapy via an
implantable medical lead configured to couple with the
implantable pulse generator.

12. The implantable device of claim 1, wherein the
implantable electronic device comprises an implantable car-
diac monitor.

13. A method of manufacturing an implantable electronic
device, the method comprising:

a) sandwiching a sealing member between a housing and

a header connector assembly, the sealing member
extending along a peripheral boundary of an area
interfacing between the header connector assembly and
the housing; and

b) backfilling between a top surface of the housing, a

bottom surface of the header connector assembly, and
an inner surface of the sealing member.

14. The method of claim 13, further comprising and
subsequent to step a) and prior to step b), welding compo-
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nents of a connector assembly of the header connector
assembly to components of a feedthru of the housing.

15. The method of claim 13, wherein the header connector
assembly comprises a groove in which the sealing member
at least partially resides when sandwiched between the
header connector assembly and the housing.

16. The method of claim 13, wherein a top surface of the
housing comprises a groove in which the sealing member at
least partially resides when sandwiched between the header
connector assembly and the housing.

17. The method of claim 13, wherein the header connector
assembly is pre-manufactured prior to being used to sand-
wich the sealing member between the housing and header
connector assembly.

18. The method of claim 13, wherein the sealing member
is a pre-manufactured part having the same geometry as a
groove in which the sealing member is received prior to
being sandwiched between the header connector assembly
and the housing.

19. The method of claim 18, wherein the sealing member
comprises at least one of a silicone elastomer, a thermoplas-
tic elastomer or a solvent based adhesive.

20. The method of claim 13, wherein the sealing member
is deposited into a groove as a silicone rubber based liquid
or gel, the groove being part of at least the header connector
assembly or the housing, the scone based liquid or gel being
fully cured before the sealing member is sandwiched
between the header connector assembly and the housing.

21. The method of claim 13, wherein the sealing member
is deposited into a groove as a scone rubber based liquid or
gel, the groove being part of at least the header connector
assembly or the housing, the silicone based liquid or gel not
vet being fully cured before the sealing member is sand-
wiched between the header connector assembly and the
housing.

22. The method of cam 13, wherein the sealing member
is deposited into a groove as a solvent based adhesive, the
groove being part of at least the header connector assembly
or the housing, the solvent based adhesive not yet being fully
cured before the sealing member is sandwiched between the
header connector assembly and the housing.

23. The method of claim 13, wherein the implantable
electronic device comprises an implantable pulse generator
for administering electrotherapy via an implantable medical
lead configured to couple with the implantable pulse gen-
erator.

24. The method of claim 13, wherein the implantable
electronic device comprises an implantable cardiac monitor.

I S T



patsnap

TREBHR(OF) AT EmENELEER A EZI AR FRZENFENRENS
[F(2E)F US20170056674A1 [ (r&)B 2017-03-02
BiES US14/839750 RiEH 2015-08-28

HRIFRE(ERR)AGER) 58
B (T M) A(F) PACESETTER , INC.

HHTEHE (TR A(E) PACESETTER, INC.

[FRIRBAA BORTOLIN DINO
TKATCHOUK EKATERINA
JENNEY CHRISTOPHER R
RHEA BORTOLIN, DINO

TKATCHOUK, EKATERINA
JENNEY, CHRISTOPHER R.

IPCH =S A61N1/375 A61B5/00

CPCH %S A61B5/686 A61N1/3752 A61B5/0402 A61B2562/22 A61N1/375 A61N1/37512 A61N1/3968
H AT SRR US9687661

IEheE Espacenet USPTO

HEGR)

RRFFHKMES XA AR AEA B FIRENERK | SRR A
43 ATESERERSTHEAKTRERBEN THEAESILHT
AN EERAENEST . THEARFREGERSE , BEXEESRA
HRZHE, BEAEERFASEERRAGNSEEZRAMFNL
B, MMM REREZR[AMNFTIEZE,



https://share-analytics.zhihuiya.com/view/3da2a706-295c-4d08-81bb-c8306f598c79
https://worldwide.espacenet.com/patent/search/family/058103529/publication/US2017056674A1?q=US2017056674A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220170056674%22.PGNR.&OS=DN/20170056674&RS=DN/20170056674

