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(57) Abstract: The invention concerns an implantable medical
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An implantable medical device and a manufacturing
method thereof

BACKGROUND OF THE INVENTION

1. Field of the invention

The present invention relates to an implantable medical
device and a manufacturing method thereof in accordance with
the preamble of the independent claims.

2. Description of the prior art

Several different ways to modularize and manufacture an

implantable medical device are known.

US-A-5 370 669 describes an implantable defibrillator in
which the components of the active implantable device are
housed within an implantable casing having three orthogonal
dimensions of height, width and thickness. The height and
width are substantially greater than the thickness. The
implantable defibrillator comprises three major subsystems,
specifically, the batteries, the power capacitors, and the
electronics. Each of the three sub-systems lie in parallel
height-width planes, each plane being adjacent another in
the thickness dimension.

US-A-5 103 818 describes an arrangement which enables rapid
and effective termination of electrical Jjunctions for an
implantable medical device such as a heart pacemaker or an
implantable defibrillator. The electronics subsystem and the
battery are placed in one half of the housing that also
comprises the feedthrough. At this moment the battery and
the feedthrough contacts the electronics subsystem through
female connectors on the electronics subsystem. The
electrical connections are then fusion welded. Following the
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fusion weld of the electrical connections the other half of
the housing is mounted and the enclosure welded to become
hermetic.
US-A-5 814 091 describes an arrangement in which the battery
is integrated with the outer enclosure of the implantable

medical device.

3. Summary of the invention

One object of the present invention 1is to provide a
modularized device which makes it economically feasible to
manufacture a large number of models of an implantable
medical device and yet to limit the number of components
needed for the entire model program.

A further object is to simplify the process of assembling
the finished product.

A still further object is to shorten the development time
for new products.

A still further object is to minimize the number of parts
required for the completed implantable medical device.

The objects of the invention are achieved by a modularized
medical device having the features of the characterizing
portion of claim 1.

The implantable device is divided into modules, each of said
modules being a portion of the the outer shape of the
implantable medical device as well as a well defined
function of said implantable device. A very important aspect
is that one of the modules can be modified witout any need
to modify any of the other modules. The modules themselves
have an open interface to other modules and as a consequence
of this the modules themselves are not hermetically sealed
but hermeticity will be obtained when the modules are
permanently attached to ech other through e.qg. laser
welding. This will make it easy to develop and manufacture
different models of the implantable medical device which
have different connector modules or different battery

modules with a minimal cost for product development. If
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there are e.g. three different battery modules available,
three different connector modules and three different
electronics modules available then 27 different models of
the finished proucts can be manufactured from the nine
available modules. This will make it much easier for the
manufacturer to adapt the production to varying market
demands on battery capacity or on connector type. It is also
possible to wupgrade production with a more advanced
electronics module while connector module and battery module
remain unchanged.

The present invention is particularly suitable for use in an
implantable cardioverter defibrillator (ICD). In the ICD
application the requirements regarding longevity and shock
energy may vary significantly depending on market
requirements. One possible modularization for an ICD is to
divide the ICD into four different modules according to the
invention. The individual modules may be as follows: module
(a) could essentially comprise a connector subsystem, module
(b) could essentially comprise a power electronics subsystem
including shock energy storage capacitors, power
transformers etc, module (c) could essentially comprise low
voltage electronics such as pacing/sensing circuitry, module
(d) could essentially comprise a battery subsystem. By
varying the size of module (b) with the power electronics
subsystem the shock energy can be adapted to different needs
through the wuse of shock energy capacitors of different
capacitance. By varying the size of module (d) the battery
subsystem capacity the can be adapted to different
requirements regarding longevity and number of shocks
available. It is also feasible to use a general set of
modules suitable for pacemakers and for ICD:s. In a
bradycardia pacemaker (a), (c) and (d) would Dbe used while
in an ICD modules (a), (b), (c), and (d) would be used. The
invention can also be utilized to add features to a standard
pacemaker or ICD. As an example a diagnostic data collection
module could be added to a standard pacemaker or ICD.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig 1 shows a schematic assembly drawing of an implantable
medical device according to the invention.

Fig 2 shows how the manufacturing method can be implemented
using three different types for each of the three
different modules necessary for the production of an

implantable medical device.

DESCRIPTION OF PREFERRED EMBODIMENTS

Figure 1 shows an example of an implantable cardiac
pacemaker built according to the invention. In this
embodiment the cardiac pacemaker is manufactured using three
modules. Each of the modules contributes functionally as
well as to the shape of the enclosure of the implantable
medical device. The following modules are used in this
particular cardiac pacemaker: connector module
la,1b,2,3a,3b,4, electronics module b5a,5b,6,7 and battery
module 11.

The connector module 1la,1b,2,3a,3b,4 in this example 1is of
the type in which the lead connectors are integrated into
the housing without a moulded plastic connector top. The
connector module comprises the following parts:
metallic/ceramic connector tubes la,lb, a portion 2 of the
outer enclosure of the cardiac pacemaker, lead pin locking
washers 3a,3b, a transparent plastic component 4, and flex
circuits 5a,5b. The metallic/ceramic connector tubes may for
example be of the type disclosed in international
publication WO 00/12174. The flex circuits 5a,5b provides
electrical connection between the metallic/ceramic lead
connecting tubes la,lb and the electronics module 6. During
manufacture the flex circuits 5a,5b are welded to a
feedthrough portion of the connector tubes 1la,lb. The end
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portions of the connecting tubes la,lb are made of metal and
are adapted to be welded in both ends to the enclosure
portion 2. Each of the flex circuits 5a,5b is rolled on a
connector tube and then the connector tube is inserted into
the enclosure portion 2. After inserting the flex circuit
5a,5b it 1is rolled out and the connector tube 1la,lb 1is
welded in both ends to the enclosure portion 2. The final
step in assembling the connector module 1is to mount the
locking washers 3a,3b and the transparent plastic component
4. The purpose of the plastic component 4 is to provide
visible confirmation that the lead connecting pin is fully
inserted into the implantable cardiac pacemaker at the time
of implantation. The finished connector module is a complete
connector for the implanted lead, as well as a part of the
outer shape of the enclosure of implantable device and it is
adapted for a quick electrical connection to an electronics
module. During manufacture it 1is simply connected to the
electronics module and then welded to the outer enclosure
portion 7 of the electronics module. To facilitate
manufacturing the enclosure portion 2 of the connector
module and enclosure portion 7 of the electronics module
should be designed so that they have a very good fit to each
other. Preferably outer enclosure portions such as 2 and 7
mentioned above should have a mechanical click action when
they are properly oriented in relation to each other.

The electronics module 6,7 comprises an electronic circuit 6
and a portion of the enclosure 7. The electronics circuit 6
should preferably be fixed to the enclosure portion 7
through glueing, or moulding or other method. The
electronic circuit 6 has connection means for a quick
electrical connection of the connector top and the battery.
These connection means should preferably be of a snap in
type in order to make welding, soldering or other more
complicated connection methods unnecessary. However, none of
the mentioned connection methods is excluded from the scope

of the invention.
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The battery module 11 serves as power source as well as a
portion of the outer enclosure. In a preferred embodiment
the battery’s enclosure is manufactured from titanium or any
metal suitable for direct contact with tissue. In that case
the electrochemical potential of the battery enclosure will
become the enclosure potential of the implantable cardiac
pacemaker. Thus one of the battery’s electrical terminals is
in direct contact with the patient’s body tissue. This
arrangement is particularly suitable for DLithium/Carbon
Monofluoride batteries which can be manufactured whith an
enclosure of titanium. The outer enclosure of the battery
module 11 should preferably extend slightly above the lid of
the battery so that the outer enacpsulation portion 7 of the
electronics module 5a,5b,6,7 can be welded directly to the
battery module’s 11 enclosure with no risk that the
hermeticity of the battery is jeopardized during welding. In
a more conventional embodiment an isolation layer is
provided between the battery and the outer surface of the
battery module to be able to more freely decide the
electrical potential of the finished implantable device’s

enclosure.

Figure 2 is a schematic drawing indicating how an
implantable medical device can be bullt from different
modules. 21 shows a conventional connector top while 22
shows a connector module of the type described above which
has no conventional moulded connector top while 23 is a
closed connector top without the feature of wvisual
confirmation that the 1lead is properly inserted. The
conventional connector top 21 comprises a lower metallic
portion comprising a connector top bottom and a flange to
allow to weld it to the electronic module 24, 25, 26. The
metallic portion comprises conventional feedthru’s to allow
an electric connection between the electronic module 24, 25,
26 and the electrode lead connectors in the connector top
without compromising hermeticity. The connector top 21 can

also be manufactured in a ceramic material. In the latter



10

15

20

25

30

35

WO 03/092809 PCT/SE03/00636

7
case there must be a metallic flange to allow welding of the
connector top to the remainder of the encapsulation.
Feedthru’s are not necessary 1f the connector top 1is
manufactured in a ceramic material. Connection wires for
connection between electrode lead connectors and and the
electronic module will be located inside the ceramic
material in a fashion similar to a conventional feedthru.
24,25 and 26 represent electronic modules of different size
and shape. 27, 28 and 29 represent battery modules of
different size and capacity and also possible different

electrochemical composition.

Fig 3 shows the connector module 21 in a more detailed
fashion. The top portion of the connector top 1is ecaxtly
similar to a conventional connector top. The metallic lower
portion 31 comprises a bottom of the connector top and a
flange 36 used to weld the connector top 21 to an
electronics module 24, 25, 26. A feedthru 30 is welded to
the lower metallic portion. The top portion comprises a
conventional molded portion 32, connector block with
setscrew 33, a wire connection 34 for connection between
connector block 33 and feedthru 30.

Fig 4 shows a more detaled view of a connector module
manufactured of a ceramic material. The top portion of the
connector top is manufactured in a ceramic material Al,0s;.
Metall ribbons 39a, 39 provides electrical connection
between a heart electrode connector and the electronics
module 24,25,26 with a maintained hermeticity for the
enclosure for the electronics. A metal rim 38 is soldered to
the lower portion of the connector module. The connector
module 1is welded to the electronics module 24,25,26 by
welding to the metal rim 38.

Every battery module 27,28,29 can be combined with every
electronics module 24,25,26 and every electronics module can
be combined with every connector module 21,22,23. Thus 27
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different models of the implantable medical device can be
produced using 9 different modules. This technique will make
it easier to tailor the production to requirements from the
market. If for example one market requires a particular
battery size or Dbattery capacity the battery module can
easily be replaced with a suitable module while no other
changes have to be made. The connector modules 21,22,23 can
also be used for implantable medical devices having a

conventional encapsulation.
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CLAIMS

1. A manufacturing method for an active implantable medical

device provided with an outer enclosure and comprising at

least two functional subsystems such as e.g. a battery

subsystem (27, 28, 29), an electronic subsystem (24, 25,

26), a connector subsystem (21, 22, 23) or combinations

thereof, each subsystem being located in a respective

module, different versions of said respective modules being

available, characterized by the following steps;

- specifying the requirements on the complete implantable

- device; and

- selecting the modules that are to form the complete
device based on said requirements; and

- joining said modules permanently to form the complete

hermetically sealed outer enclosure;

2. The manufacturing method of claim 1 characterized in that
the electrochemical case potential of said battery subsystem
is the same as the enclosure potential of said implantable

medical device.

3. The manufacturing method of claim 1 characterized in that
the electrochemical case potential of the battery subsystem
is isolated from the enclosure potential of said implantable

medical device.

4. The manufacturing method of claim 1 characterized in that
said battery subsystem utilizes a battery chemistry of any
of the types Lithium-Iodine, Lithium-Silver Vanadium Oxide
or Lithium-Carbon MonoFluoride or a combination of Lithium-

gilver Vanadium Oxide and Lithium-Carbon MonoFluoride.

5. The manufacturing method of claim 1 characterized in that
the enclosure of the battery subsystem is a part of the

enclosure of said implantable medical device.
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6. The manufacturing method of claim 1 characterized in that
said connector subsystem is available in versions comprising

one to four pacing/sensing terminals.

7. The manufacturing method of claim 1 characterized in
that said electronics subsystem 1s available in versions

comprising one to four pacing/sensing terminals.

8. The manucturing method of claim 1 characterized in that;

- said connector subsystem comprises a connector tube (la,
1b) adapted to be welded to the outer encapsulation
portion of said connector subsystem; and

- a flex circuit (5a, 5b) is utilized for electrical
connection between said connector tube (la, 1lb) and said
electronic subsystem (5a, 5b, 6, 7); and

- said flex circuit is rolled on said connector tube before
the connector tube is inserted into the outer
encapsulation portion 2 of said connector subsystem; and

- said flex circuit is rolled out from said connector tube
before the connector tube is welded to the encapsulation

portion 2 of said connector subsystem.

9. An active implantable medical device comprising one
single hermetically sealed outer enclosure and comprising at
least two functional subsystems such as e.g. a battery
subsystem (27, 28, 29), an electronic subsystem (24,25,26),
a connector subsystem (21, 22, 23) or combinations thereof
characterized in that;

- said implantable device comprises at least two modules,
each module comprising a portion of the outer enclosure and
at least one of said subsystems, each module comprising at
least one interface portion adapted to correspond to a
corresponding interface on another module, said modules
being mechanically connectable to each other at said
interface portions, such that said enclosure portion on each

module together form said outer enclosure after sealing.
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10. The active implantable device of claim 9 characterized
in that the electrochemical case potential of the battery
subsystem (27, 28, 29) is the same as the enclosure

potential of said implantable medical device.

11. The active implantable device of claim 9 characterized
in that the electrochemical case potential of the battery
subsystem (27, 28, 29) is isolated from to the enclosure

potential of said implantable medical device.

12. The active implantable device of claim 9 characterized
in that said battery subsystem (27, 28, 29) utilizes a
battery chemistry of any of the types Lithium-TIodine,
Lithium-Silver Vanadium Oxide or Lithium-Carbon MonoFluoride
or a combination of Lithium-Silver Vanadium Oxide and

Lithium-Carbon MonoFluoride.

13. The active implantable device of claim 9 characterized
in that the enclosure of the battery subsystem (27, 28, 29)
is a portion of the enclosure of said implantable medical

device.

14. The active implantable device of claim 9 characterized
in that said connector subsystem (21, 22, 23) is available

in versions comprising one to four pacing/sensing terminals.

15. The active implantable device of claim 9 characterized
in that said electronics subsystem (24, 25, 26) is available

in versions comprising one to four pacing/sensing terminals.

16. An active implantable medical device comprising;
- a hermetically sealed metal enclosure,
- an electronics module to be placed inside said

- hermetically sealed enclosure,
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18.

12
and a premanufactured connector top for connection of

an electrode lead to said electronics module;
characterized in that said connector top comprises a
portion of said hermetically sealed metal outer enclosure,
and in that said connector top is adapted to be welded to
the remainder of said medical device’s enclosure to form

said hermetically sealed outer enclosure.

.An active implantable medical device according to claim

1, characterized in that said portion of said
hermetically sealed metal outer enclosure comprises
feedthru’s for connection between said electronics

module and said connector top.

An active implantable medical device comprising;

a hermetically sealed metal outer enclosure,

an electronics module to be placed inside said

hermetically sealed outer enclosure,

and a premanufactured connector top for connection of

an electrode lead to said electronics module;
characterized in that said connector top is
manufactured in a ceramic material; and in that said
connector top comprises a metallic edge portion which
allows it to be welded to the remainder of said medical
device’s enclosure to form said hermetically sealed outer

enclosure.
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