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ABSTRACT

|

|
The present invention provides an impHantable

medical device contained in a housing havirng opposed

S major side walls of a contoured shape.
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CONTOURED HOUSING FOR AN IMPLANTABLE MEDICAL DEVICE

CROSS-REFERENCE TO RELATED APPLICATION

This application claims priority based on provisional
application Serial No. 60/306,647, filed July 195, 2001.

BACKGROUND OF THE INVENTION

The present invention relates to implantable medical

devices and, more particularly, to housings for
implantable medical devices. The housings have
contoured surfaces to more closely conform to body
contours. This facilitates implantation in areas of a

body that were heretofore not possible because of

geometrical limitations.
SUMMARY OF THE INVENTION

Implantable medical devices include hearing-assist
devices, artificial hearts, neurostimulators, drug
pumps, cardiac pacemakers, cardiac defibrillators and
heart-assist devices. Conventionally, these devices
include a housing with planar side walls, such as in a
prismatic design. However, the shape of the housing
limits the areas in a body, human or otherwise, in which
the device can be implanted. If an area of the body.
such as the skull, must be excavated, a conventional
prismatic housing requires that the cavity be shaped to
fit the planar prismatic design. This may necessitate

more excavation than is required if the housing is
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contoured to fit the patient’s anatomy. Furthermore, the
planar design of current prismatic housings makes it
more difficult for implantable devices to be placed in

other locations in the body such as the arms and legs.

Accordingly, there is a need for a housing for an
implantable medical device that is shaped or contoured
to more closely fit the curved shape of a body. This
facilitates implanting assist devices in areas where it
is difficult, if not impossible, to place conventionally
shaped devices. Furthermore, not only does a contoured
shaped housing aid in the placement of assist devices
into the body where they could not previously be placed,
but it also helps in placing them in areas of the body
where they are frequently used, but without undo

excavation.

These and other advantages of the present invention
will become increasingly more apparent to those of
ordinary skill in the art by reference to the following

description together with the appended drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an elevational view, partly broken away,
of an implantable medical device 10 comprised of a
contoured housing 36 with a power source 12 of a

contoured casing l1l4 housed therein.

Fig. 2A is an exploded view of one embodiment of a
contoured deep drawn cell housing 30 according to the

present invention.
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Fig. 2B i1s a side elevational view of the housing

30 shown in Fig. 2A.

Fig. 3A is an exploded view of another embodiment

of a contoured deep drawn cell housing 70 according to

the present invention.

Fig. 3B is a side elevational view of the housing

70 shown in Fig. 3A.

Fig. 4 is a perspective view of another embodiment
of a contoured housing 270 according to the present
invention having a front side wall 272 of a greater

radial curvature than a back side wall 274.

Fig. S is a perspective view of contoured clam
shell housing portions 112 and 114 for another

embodiment of a contoured housing 110.

Fig. 6 is a schematic cross-sectional view of a
housing having opposed major curved side walls of a

radius Rl.

Fig. 7 is a schematic cross-sectional view of a
housing having opposed major curved side walls of

varying radii R2Z2 to RA4.

Fig. 8 is a schematic cross-sectional view of a
housing having opposed major curved side walls of
substantially equal radii R5 to R6é with intermediate

planar sections.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
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Fig. 1 shows a representative implantable device 10

powered by an implantable electrochemical cell 12. Both

the device 10 and the cell 12 are comprised of housings
Oor casings having contoured side walls according to the
present invention The housings and casings of this
invention are preferably of conductive materials

selected from nickel, aluminum, stainless steel, mild

steel, tantalum and titanium.

The cell 12 is comprised of a casing 14 having
spaced apart and opposed major front and back side walls
16 and 18. The walls 16, 18 each have a generally
semicircular shape with a planar upper edge. The side
walls 16, 18 extend to and meet with a semicircular
intermediate end wall 20 that curves to meet them along
their entire radial perimeter. The side walls 16, 18
and end wall 20 form the casing as a unitary, deep drawn
member. Both of the major front and back side walls 16,
18 have a curved shape of a continuous radius deflecting

in a similar direction and extending from the end wall

20.

The side walls and end wall of the deep drawn
casing 14 form an opening closed by a 1lid 22. The 1lid
also includes an electrolyte fill opening 24 closed by
ball 26 and a terminal pin opening supporting a ring of
insulation glass 28 surrounding a terminal pin 30 for
one of the anode and the cathode electrodes of the cell.
The casing 14 serves as the terminal for the other
electrode. For a more detailed description of this type
of cell, reference is made to U.S. Patent No. 5,905,001

to Elliott et al., which is assigned to the assignee to
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the present invention and incorporated herein by

reference.

The electrochemical cell 12 serves as the power
supply for the control circuitxy 32 of the implantable
device 10. Lead 34, connected to the casing 14, and
terminal pin 30 provides electrical power from the cell
to the control circuitry. There may also be a capacitor
(not shown) inside the casing for a medical device such

as a cardiac defibrillator.

The implantable device 10 includes a housing 36
having spaced apart and opposed major front and back
side walls 38 and 40. The walls 38, 40 each have a
generally semicircular shape with a planar upper edge.
The walls 38, 40 extend to and meet with a semicircular
intermediate end wall 42 that curves to meet them along
their entire radial perimeter. The side walls 38, 40
and end wall 42 form the housing 36 as a unitary., deep
drawn member. Both the front and back major side walls
38, 40 have a curved shape of a continuous radius

deflecting in a similar direction and extending from the
end wall 42.

The side walls and end wall of the deep drawn
housing 36 form an opening closed by a 1lid 44. The 1lid
44 comprises two openings 46 and 48 through which
respective feedthrough wires 50 and 52 pass. The
feedthrough wires extend from a distal end positioned
inside the housing 36 connected to the control circuitry
32 for the medical device 10 to proximal ends for
connection to leads (not shown). The leads connect the

medical device to the body being assisted. The
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feedthrough wires 50 and 52 are electrically insulated
from the lid 44 by respective ceramic-to-metal seals or

glass-to-metal seals 54 and 56.

In that manner, the device 10 is implantable into
areas of the body which may not have been considered
before with devices having more prismatic shapes with
rectangular cross-sections. Also, the implantable
device 10 more closely conforms to the contours of a
body so that when i1t is used to assist a person, there
may be less excavation required than is currently needed

with conventionally shaped devices.

Turning to Figs. 2A, 2B, 3A, 3B and 4, these
drawings show other representative shapes for deep drawn
medical device housings 60, 100 and 140 according to the

present invention.

The housing 60 illustrated in Figs. 2A and 2B
includes spaced apart and opposed major front and back
side walls 62 and 64 extending to and meeting with

curved right and left end walls 66 and 68. The side

walls 62, 64 and end walls 66, 68 are connected to a

planar bottom wall 70 forming the housing as a unitary,
deep drawn member. Both of the major front and back
side walls 62, 64 have a curved shape of a continuous
radius deflecting i1in a similar direction and extending
from the right and left end walls 66, 68. The
curvatures of the front and back side walls 62, 64 are
the same, although that is not necessary. As will be
described in detail hereinafter, in some housing designs
it may be beneficial to provide one or the other of the

front and back side walls having a greater curvature
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than the other. For example, i1t may be useful to
provide the front wall 62 with a greater curvature than
the back wall 64. This would optimize internal volume
while maintaining housing curvature for implantation

purposes, and the like.

The side walls and end walls of the deep drawn
housing 60 form an opening 72 closed by a generally
planar lid 74. Lid 74 has a peripheral shape matching
that of the opening 72 and formed of a concave edge 76
opposite a convex edge 78, both of which extend to and
meet with curved right and left edges 80 and 82. That
way, when the lid 74 is secured to the upper edges of
the housing side walls and end walls, the opening 72 is

closed in a hermetic manner.

The 1lid 74 includes feedthrough wires 84 and 86 for
connection to the body being assisted. The feedthrough
wires 84, 86 are insulated from the lid by respective

glass or ceramic seals 88, 90.

Figs. 3A and 3B illustrate another embodiment of a
contoured deep drawing housing 100 including spaced
apart and opposed major front and back side walls 102
and 104 extending to and meeting with planar right and
left end walls 106 and 108. The side walls 102, 104 and
end walls 106, 108 are connected to a curved bottom wall
110 forming the housing as a unitary, deep drawn member.
Both of the major front and back side walls 102, 104
have a curved shape of a continuous radius deflecting in
a similar direction and extending from the planar right
and left end walls 106, 108. The curvatures of the

front and back side walls 102, 104 are the same,
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however, as discussed with respect to housing 60, that

1s not necessary.

The side walls and end walls of the deep drawn
housing 100 form an opening 112 closed by a generally
planar l1lid 114. Lid 114 has a peripheral shape matching
that of the opening 112 and formed of a concave edge 116
opposite a convex edge 118, both of which extend to and
meet with straight right and left edges 120 and 122.
That way, when the lid 114 i1is secured to the upper edges
of the housing side walls and end walls, the opening 112

1s closed.

As with the housing 60 of Figs. 2A and 2B, the lid
114 includes feedthrough wires 124, 126 for connection
to the body being assisted. The feedthrough wires 124,
126 are insulated from the 1lid 114 by respective glass

Oor ceramlic seals 128, 130.

Fig. 4 illustrates another embodiment of a
contoured deep drawn housing 140 having spaced apart and
opposed front and back side walls 142 and 144 extending
to and meeting with curved right and left end walls 146
and 148. The side walls 142, 144 and end walls 146, 148
connect to a bottom wall (not shown) forming the housing
as a unitary member. Both of the major front and back
side walls 142, 144 have a curved shape of a continuous
radius deflecting in a similar direction and extending
from the end walls 146, 148. However, the curvature of
front wall 142 is less than that of back wall 144. This
means that the radius of the front wall 142 is greater

than the radius of the back wall 144.
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The side walls and end walls of the deep drawn
housing 140 form an opening 150 closed by a 1lid 152.
Lid 152 has a peripheral shape matching that of the
opening 150. When the lid is secured to the upper edges
of the housing, the opening 150 is closed in a hermetic
manner. The lid also includes feedthrough wires 154,
156 for connection to the body being assisted. The
feedthrough wires 154, 156 are insulated from the lid

152 by respective glass or ceramic seals 158, 160.

Fig. 5 illustrates another embodiment of a
contoured housing 170 according to the present
invention. The housing has first and second clam shell
portions 172 and 174 matable together and sealable about
their periphery to provide a hermetic enclosure for an
implantable medical device. The first clam shell 172
has a surrounding wall comprised of spaced apart side
walls 176 and 178 extending to and meeting with spaced
apart end walls 180 and 182. The side walls 176, 178
and the end walls 180, 182 meet at rounded corners and
extend to a curved front wall 184 of a generally concave
shape. Opposite the front wall 184 is a continuous edge
186 of the side walls 176, 178 and end walls 180, 182.

The second clam shell 174 has a surrounding wall
comprised of spaced apart side walls 188 and 290
extending to and meeting with spaced apart end walls 192
and 194. The side walls 188 and 190 and end walls 192
and 194 meet at rounded corners and extend to a curved
front wall 196 of a generally concave shape. Opposite

the front wall is a continuous edge 198 of the side

walls 188, 190 and end walls 192, 194.
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The clam shells 172 and 174 are sized such that one
of them has its side walls and end walls of a somewhat
shorter length than those of the other. That way, after
the components of the implan;able device, including the
power source and control circuitry, are nested in the
one clam shell having the shorter side walls and end
walls, the other clam shell is mated thereto. 1In this
position, the shorter side walls and end walls are
received in a closely spaced relationship partially
covered by the somewhat longer side walls and end walls
of the other clam shell. The one continuous edge 186,
198 of the larger clam shell is then secured to the side
walls and end walls of the other clam shell, such as by
welding. This provides a hermetic closure for the
housing 170 having the major concave walls 184, 196
spaced from one another but of a similar curvature
deflecting in a similar direction. While not shown in
the drawing, the housing includes insulated feedthroughs
for connecting the device to the body part being
assisted, in a similar manner as the previously
described housings 34 (Fig. 1), 60 (Figs. 2A and 2B),
100 (Figs. 3A and 3B) and 140 (Fig. 4) .

It is aléo within the scope'of the present
iﬁventibn that thé clam shells are butted together
before they aré sealed. Thiémeéns.thaﬁ instead of the
side wails.and énd wallsbof one of the clam shells being
shofter than-thosé of the oﬁhér, they are of equal
lengths.'.The buttea'édgés are éealed together such as

by welding.
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Tprhing“;ouﬁ;és;ugété.e,,thege:d;awipgs,shqw
further iépiesen;étiﬁé'sghemgtic cross~sectional views
of hou51ngs haV1ng contoured or curved opposed major
51de'walls accord1ng to the present invention. In Fig.
6, the hou31ng 200 comprises spaced apart and opposed
major first and second side walls 202 and 204. Side
wall 202 is of a curvature defined by the radius Rl
moving along a path from tangent point 206 to tangent
point 208.  The radius Rl is not shown for the second
side wall 204, however, it is the same as that of the
first side wall 202. The side walls 202, 204 extend to
curved end walls 210 and 212 and a bottom wall (not

shown). The housing 200 is then hermetically closed by

a lid (not shown).

Fig. 7 shows another embodiment of a housing 220
comprising spaced apart and opposed major first and
second curved side walls 222 and 224. The first major
side wall 222 is comprised of a first curved portion 226
defined by radius 32 moving along a path from tangent
point 228 to tangent point 230 where the side wall
transitions to a second curved portion 232 defined by
radius R2 moving along a path from tangent point 230 to
tangent point 234. At tangent point 234, the second
curved portion 232 transitions to a third curved portion
236 defined by radius R3 moving along a path from
tangent point 234 to tangent point 238.

As the drawing shows, the length of the radius R2
is less than that of both R3 and R4 while the length of
radius R4 1is less than that of R3. The second major

side wall 224 is similar in its contoured or curved
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shape. The side walls 222 and 224 extend to curved end
walls 240 and 242 and a bottom wall (not shown). The

housing 220 is theri heremetically closed by a lid (not
shown) .

It:is within the scope of the present invention
thaé the arrangemeht of the respective curved portions
226, 232 and 236 can be rearranged in any sequence or
manner. Also, there can be only two different curved
portions in a side wall or more than three. The exact
number and their arrangement is only limited by the
parametefs-qf the particular application in which the

implantable device cell will be used.

Fig. 8 shows another embodiment of a housing 250
comprising spaced apart and opposed major first and
second curved side walls 252 and 254 according to the
present invention. The first major side wall 252 is
comprised of a first curved portion 256 defined by
radius R5 moving along a path from tangent point 258 to
tangent point 260 where the side wall transitions to a
first planar or straight portion 262. The first planar
portion 262 then transitions to a second curved portion
264 defined by radius R6 moving along a path from
tangent point 266 to tangent point 268. At tangent
point 268, the side wall 252 transitions to a second
planar portion 270 which, in turn, transitions to a
third curved portion 272 defined by radius R7 moving

along a path from tangent point 274 to tangent point
276.

As the drawing shows, the lengths of radii R5, R6

and R7 are substantially equal. However, as described

b by . P
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above with respéct to Fig. 7, that is not necessary.

The lengths of planar portidns 262 and 270 are equal,
however, that is also not necessary. ' There can be more
or less than two planar portions in a side wall and they
can be continuous and angled with respect to each other
or separated erm eacH other by one or more curved

portions.

Again, the second major side wall 254 is similar in
shape to the first side wall 252. The side walls 252
and 254 extend to curved end walls 278 and 280 and a
bottom wall (not shown). The housing 250 1is then

hermetically closed by a lid (not shown).

It is appreciated that various modifications to the
present inventive concepts described herein may be
apparent to those of ordinary skill in the art without
departing from the spirit and scope of the present

invention as defined by the herein appended claims.
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What is claimed is:
1. An implantable medical device, which comprise:
a) an electrical energy power source;
b) a control circuitry; and
C) a housing for the power source and the control

circuitry, wherein the housing comprises spaced apart
first and second major side walls extending to and

meeting with opposed third and fourth end walls and a

bottom wall, and wherein the first and second major side
walls are curved where they connect to the third end

wall and where they connect to the fourth end wall.

2 . The implantable medical device of claim 1 wherein

the first and second major side walls are continuously
curved from their connection to the third end wall to

their connection to the opposed fourth end wall.

3. The implantable medical device of claim 2 wherein
the first major side wall is of a greater curvature than

the second major side wall.

4. The implantable medical device of claim 1 wherein
at least one of the first and second major side walls is

of at least a first and a second different curvatures,
the first curvature transitioning into the second

curvature.

S. The implantable medical device of claim 1 wherein
at least one of the first and second major side walls 1is

of at least a first and a second different curvatures
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with a generally planar surface disposed between the

first curvature and the second curvature.

6. The implantable medical device of claims 1 wherein

the third and fourth end walls are curvedq.

5 7. The implantable medical device of c¢laim 1 wherein

the third and fourth end walls are generally planar.

8. The implantable medical device of claim 1 wherein

the housing includes a lid opposite the bottom wall.

9. The implantable medical device of claim 8 wherein

10 the lid supports at least one feedthrough pin.

10. The implantable medical device of claim 1 selected
from the group consisting of a hearing-assist device, a
neurostimulator, a cardiac pacemaker, a cardiac

defibrillator., a heart-assist device and a drug pump.

15 1ll. The implantable medical device ©0f claim 1 wherein
the housing is of a material selected from the group
consisting of nickel, aluminum, stainless steel, mild

steel, tantalum and titanium.
12. An implantable medical device, which comprise:
20 a) an electrical energy power source;
b) a control circuitry; and

¢c) a housing for the power source and the control
circultry, wherein the housing comprises spaced apart
first and second major side walls extending to and

25 meeting with an intermediate wall having a generally
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radius curved shape and wherein the first and second

major side walls are curved where each of them meets the

intermediate wall.

13. The implantable medical device of claim 12 wherein
the first and second major side walls are of a

continuous curvature.

14. The implantable medical device of claim 12 wherein
at least one of the first and second major side walls is
of at least a first and a second different curvatures,
the first curvature transitioning with the second

curvatures.

15. The implantable medical device of claim 12 wherein
at least one of the first and second major side walls 1is
of at least a first and a second different curvétures
with a generally planar surface disposed between the

first curvature and the second curvature.

16. The implantable medical device of claim 12 wherein
the first major side wall i1is of a greater curvature than

the second major side wall.

17. The implantable medical device of claim 12 wherein

the housing includes a lid connected to the first and

second major side walls and the intermediate wall.

18. The implantable medical device of claim 12 wherein

the lid supports at least one feedthrough pain.
1. An implantable medical device, which comprises:

a) an electrical energy power source;
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b) a control circuitry; and

c) a housing for the power source and the control
circuitry, wherein the housing comprises a first portion

having a first major side wall extending to and meeting

with a first surrounding side wall and a second portion

having a second major side wall extending to and meeting
with a second surrounding side wall and wherein the
first and second portions are mated to each other with

the first surrounding side wall contacting the second

surrounding side wall.

20. The implantable medical device of claim 19 wherein

the first and second major side walls are continuously

curved.

21. The implantable medical device of claim 19 wherein

the first major side wall is of a greater curvature than

the second major side wall.

22. The implantable medical dévice of claim 19 wherein
at least one of the first and second major side walls 1is
of at least a first and second different curvatures, the

first curvature transitioning into the second curvature.

23. The implantable medical device of claim 19 wherein
at least one of the first and second major side walls 1s
of at least a first and a second different curvatures
with a generally planar surface disposed between the

first curvature and the second curvature.

Ridout & Maybee LLP
Suite 2400
One Queen Street East
Toronto, Canada M5C 3B1
Patent Agents of the Applicant
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