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(57] ABSTRACT

An implantable heart pacer comprising electrode
means of dissimilar materials spaced from one another
to provide an electrolyte-containing space therebe-
tween for cooperating with an electrolyte therein to
produce a cell voltage, being in communication with
the exterior of said device. One of the electrode
means has its surface exposed only to the electrolyte-
containing space and is free from exposure on an ex-
ternal surface of said device to prevent direct contact
with body tissues. A sealed electronic pulse unit pro-
vides an output pulse of higher voltage than said cell
voltage, said electrode means providing a power
source for said unit and providing an indifferent elec-
trode for return current flow from a remote unipolar
heart electrode connected to the output pulse termi-
nal. With an output pulse voltage greater than the cell
voltage, there is reverse current flow in the electrode
means during the pulse for electrolytically cleaning
their surfaces.

6 Claims, 5 Drawing Figures
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IMPLANTABLE HEART PACER OR THE LIKE
WITH INTERNAL CELL ELECTRODE

This invention relates to implantable electronic pulse
devices, such as heart pacers and other stimulators,
and, more particularly, to such devices which have
electrodes providing both a power source and an indif-
ferent electrode for return of stimulating current flow
through the body fluids.

Although heart pacers powered by electrodes using
body fluids as an electrolyte have been disclosed, for
example in U.S. Pat. No. 3,421,512, they are deficient
in a number of respects, which heretofore has made im-
practical their use in humans as a replacement for con-
ventional battery powered heart pacers. There are a
number of reasons for their deficiencies. Among these
are problems caused by the reaction of the active metal
electrode, the difficulty of keeping the electrode sur-
face active and clean enough to function over long pe-
riods of time, and the difficulty of providing in conjunc-
tion therewith an indifferent electrode for return cur-
rent flow through the body fluids from a remote elec-
trode connected to the heart pacer output.

Accordingly, it is an object of the present invention
to solve the above problems and provide a novel im-
plantable electronic pulse device, such as a heart pacer
or the like, having a greatly extended operating life as
compared to conventional battery powered devices.

This is accomplished, according to the present inven-
tion, by providing a device having a number of unique
features.

In one aspect of the invention, there is provided an
implantable electronic pulse device comprising at least
two electrode means of dissimilar materials spaced
from one another to provide an electrolyte-containing
space therebetween for cooperating with an electrolyte
therein to produce a cell voltage, said electrolyte-
containing space being in communication with the ex-
terior of said device and at least one of said electrode
means having its surface exposed only to said elec-
trolyte-containing space and being free from exposure
on an external surface of said device to prevent direct
contact of said one electrode with body tissues.

In another aspect, the present invention provides an
implantable electronic pulse device comprising at least
two electrode means of dissimilar materials spaced
from one another for cooperating with an electrolyte to
produce a cell voltage, and an electronic pulse unit
having input terminals connected to said electrode
means and an output pulse terminal, said electrodes
providing a power source for said unit and providing an
indifferent electrode for return current flow from a re-
mote electrode connected to said output pulse termi-
nal. Preferably, said output pulse voltage is higher than
said cell voltage, causing reverse current flow in said
electrode means for a substantial portion of an output
pulse for cleaning said electrodes.

Still other aspects of the present invention include
the provision of a sealed electronic pulse unit mounted
within the peripheries of the electrodes and electrically
insulated therefrom and a pulse voltage multiplying cir-
cuit for raising the relatively low cell voltage to a value
sufficiently high to provide a heart pacing function.

For the purpose of explaining the above and still fur-
ther objects, features and aspects of the present inven-
tion, reference is now made to the following detailed
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description of a preferred embodiment thereof, to-
gether with the accompanying drawings wherein:

FIG. 1 is a diagrammatic view of the device of the in-
vention implanted for heart stimulation;

FIG. 2 is a side view, partly in section, of the device
of FIG. 1;

FIG. 3 is an end view, partly in section, of the device
of FIG. 1;

FIG. 4 is an exploded view of the device of FIG. 1,
showing the major elements thereof;, and

FIG. 5 is a circuit diagram of the electronic pulse unit
of the device of FIG. 1.

Referring to the drawings, in IFG. 1 is shown a heart
pacer device, generally designated 10, implanted in a
body and having a single remote output pulse, so-called
unipolar, heart stimulating electrode suitably attached
to a heart 14 to stimulate it, the return current flow,
shown as dashed line 16, to the indifferent electrode of
pacer device 10, being through the body fluids 18
which also function as an electrolyte for power genera-
tion.

According to the present invention, the implantable
electronic pulse heart pacer 10 thereof has electrodes
of dissimilar materials spaced from one another for co-
operating with an electrolyte to produce a predeter-
mined cell voltage for powering device 10 to produce
suitable heart stimulating output pulses, as well as pro-
viding the indifferent electrode thereof.

More specifically, as best shown in FIGS. 2 through
4, there is provided a pair of spaced, opposing, plate
cathode elements 22, 24, of disk shape. Such elements
are of body tissue non-reactive and electrolytically
non-consumable material, preferably of a platinum
black activated carbon material, and form a major ex-
ternal wall portion of device 10. These elements are
preferably of a two layer fuel cell platinum catalyst
electrode, manufactured by E.S.B., Inc., of Yardley,
Pa. Such electrode consists of an apertured tantalum
outer plate 26, carrying the platinum black activated
carbon, and a porous teflon inner plate 28, the entire
electrode being porous for ionic communication there-
through.

Positioned between cathode elements 22, 24 is a
plate anode element 23 of reactive electrolytically con-
sumable material, preferably zinc or aluminum, for ex-
ample. Plate anode element 23 is generally C-shaped,
with an outer periphery generally of about the same di-
ameter as that of cathode elements 22, 24 and with a
rectangular cutout 29 on one side thereof. Anode ele-
ment 23 is generally parallel to and spaced from said
cathode elements to provide an electrolyte-containing
space therebetween.

During the electrochemical reaction to generate
electrical energy in the cell including the cathode and
anode elements 22, 23 and 24 and the electrolyte-
containing space therebetween, anode element 23 is
gradually dissolved in the electrolyte and is converted
into metal ions, metal hydroxide ions and metal oxide
ions. To this end, however, it is essential that the elec-
trolyte in the electrolyte-containing space be in com-
munication with the body fluids to provide a source of
oxygen to the cell. Although it is preferred that this be
accomplished by free body fluid communication with
the interior of the cell by utilizing the body fluids as the
electrolyte, it may also be accomplished by ionic or
even gaseous communication to permit diffusion of ox-
ygen, without direct communication by body fluids.
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Under these circumstances, the anode mass loss due to
Faraday current and spontaneous metal decay (corro-
sion) are the only factors which limit the effective life
of the power generating cell of the invention, and the
anode mass can readily be made large enough to last
for upwards of ten years.

A generally cylindrical electrical insulation element
30 extends between the outer peripheries of the elec-
trode elements 22, 23, 24, defining the outer periphery
of the electrolyte-containing space on both sides of
anode element 23, said electrolyte-containing spuce
being in communication with the exterior of device 10,
both through the porous cathode elements 22, 24 and
through optional apertures 32 in insulation element 30.

It is a particular feature of the invention that the re-
active plate anode element 23, since it has its surfaces
exposed only to the electrolyte-containing space within
the outer periphery of insulation ¢lement 30, is com-
pletely free from exposure on an external surface of de-
vice 10 to prevent direct contact of the body tissue re-
active anode material with body tissue when the device
is implanted. Nevertheless, as explained above, anode
element 23 is in direct communication with body fluids
so that it is able to function in conjunction with cathode
clements 22, 24 to provide a large indifferent electrode
surface area of about four times the exposed surface
area of device 10,

A sealed electronic pulse unit 40 is mounted within
the peripheries of the electrode elements 22, 23, 24
and is electrically insulated therefrom and from body
fluids by an insulating cover 42, the C-shaped plate
anode element 23 surrounding a major portion of said
pulse unit which fits within its rectangular cutout 29.
The exposed insulated end of electronic pulse unit 40

has input terminals 44, 46, 48 connected, respectively, -

to cathode and anode elements 22, 24 and 23 and an
output pulse terminal 50, said unit providing at said
output terminal an output voltage pulse. An external
electrode 12 remote from device 10 may be connected
10 output terminal 50 in the usual manner for providing
heart stimulation.

The electrical circuitry of pulse unit 40 is shown in
FIG. 5. In general, it includes a pulse timing and gener-
ating circuit 52, a pulse shaping circuit 54 and an out-
put pulse voltage multiplying circuit 56. Pulse generat-
ing circuit 52 and pulse shaping circuit 54 are well
known; for example, similar circuits are shown in U.S.
Pat. No. 3,057,356 for generating pulses at a rate of
60-70 per minute for heart simulation. However, since
a relatively low cell voltage of about one volt is pro-
duced by cathode and anode elements 22, 23, 24 and
a higher voltage, preferably of about four to eight volis,
is needed for heart stimulation, a voltage multiplier cir-
cuit is needed to produce the requisite output pulse
voltage.

Although this may be provided by a conventional
pulse transformer, it is preferred that the more efficient
circuit 56 of FIG. 5 be utilized.

Specifically, the pulse voltage multiplier sutput cir-
cuit of FIG. 5 consists of a plurality of capacitors 60
each connected to cathode terminals 44, 46 through
resistor 62 and to anode terminal 48 through resistor
64. A series of N-P-N switching transistors is provided
for simultaneously switching capacitors 60 from paral-
le] to series connection, each said transistor having its
base 66 connected to the pulse output connection 70
of pulse forming circuit 54 which provides a pulse
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4
source, its emitter 67 connccted to the preceding junc-
tion of capacitor 60 and resistor 62 (except the first
transistor in the series which has 1ts emitter connected
to cathode terminals 44, 46) and iits collector con-
nected to the succecding junction of capacitors 60 and
resistors 64 {cxcept the last transistor in the series
which has its collector connected to anode terminal 48
through resistor 72 and to pulse output terminal 50
through capacitor 74). Preferably, eight such capacitor
and transistor circuits are used to produce about an
eight volt sutput pulse from a one volt input pulse on
connection 70. In ambient condition, capacitors 60 are
each charged through their resistors 62, 64, the transis-
tors being non-conducting under such condition. When
a pulse is applied from line 70 to the bases 66 of the
transistors, they are switched to conducting condition,
such being effective te connect the capacitors 6@ in se-
rics so that the voltage charges thercon are added to-
gether and discharged through output pulse terminal
50.
The cutput pulses so generated arc then delivered
through a suitable connecting wire to the unipolar stim-
ulating electrode 12 at the heart 14 or other internal
organ. The stimulating current flows in a circuit de-
picted in FIG. L. This circuit consists of a source of high
current density stimulus, namely the unipolar stimulat-
ing electrode 12, the organ under stimulation, herein
the heart 14, the electrically conductive body tissue
and fluid 18, the indifferent electrode system which is
constituted of cathode clements 22, 24 and anode 23
and, finally back to electronic puisc unit 40,
The cathode and anode elements thus provide a
power source for unit 10 and also provide an indiffer-
ent electrode for return current flow through the body
fluid electrolyte from remote output electrode 12 con-
nected to output pulsc terminal 50, Since the output
pulse voltage is greater than the battery voltage, it
causes reverse current flow in the electrodes for a sub-
stantial portion of an output pulse for electrolytic
cleaning of the electrode surfaces. This is an important
aspect of the device of the invention since it continu-
ously cleuns these surfaces to permit them to function
during the upwards of ten year period during which the
device is expected to function.
What is claimed is:
1. For use in combination with a single remote unipo-
lar implantable heart electrode, an implantable elec-
tronic pulse heart pacer device comprising
at least two electrode means ot dissimilar materials
spaced from one another to provide an electrolyte-
containing space therebetween for cooperating
with electrolyte thercin 1o produce o cell voltage

insulation means mounting at least one of said elec-
trode means so that its surface is exposed only to
said electrolyte-containing space within the outer
periphery thereof and is free from exposure on an
external surface of said device to prevent direct
contact of said one clectrode with body tissues

said electrolyie-containing spuce being in communi-
cation with the extenor of said device

a sealed electronic pulse unit clectrically insulated

from said electrodes, suid unit having mput termi-
nals connected to said elecirode means and a single
output pulse terminal for connection to said heart
electrode

said electrode means providing a power source for

satd unit and providing an mdifferent electrode for
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return current flow from said single remote im-
plantable heart electrode connected to said output
pulse terminal.

2. For use in combination with a single remote unipo-

lar implantable heart electrode, an implantable elec-

tronic pulse heart pacer device comprising

a plate cathode element of body tissue non-reactive
material having an outer peripheral edge

a plate anode element of reactive material having an
outer peripheral edge, said anode element being
positioned ajdacent said plate cathode element
spaced from said cathode element to provide an
electrolyte-containing space therebetween for co-
operating with an electrolyte therein to produce a
cell voltage

said electrolyte-containing space being in communi-
cation with the exterior of said device

said plate cathode element forming a major external
wall portion of said device and

insulation means mounting said plate anode element
so that its surface is exposed only to said fluid elec-
trolyte-containing space and is free from exposure
on an external surface of said device to prevent di-
rect contact of said reactive anode material with
body tissue

a sealed electronic pulse unit mounted within the
outer peripheral edges of said electrodes and elec-
trically insulated therefrom,

said electronic pulse unit having input terminals con-
nected to said cathode and anode elements and a
single output pulse terminal for connection to said
heart electrode, said unit having circuit means pro-
viding at said output terminal an output pulse

said cathode and anode elements providing a power
source for said unit and providing an indifferent
electrode for return current flow from said single
remote implantable heart electrode connected to
said output pulse terminal.

3. For use in combination with a single remote unipo-

lar implantable heart electrode, an implantable elec-

tronic pulse heart pacer device comprising

a pair of spaced opposing plate cathode elements of
body tissue non-reactive material having outer pe-
ripheral edges

a generally “‘C" shaped plate anode element of reac-
tive material having an outer peripheral edge, said
anode element being positioned between and
spaced from said cathode elements to provide a
fluid electrolyte-containing space therebetween for
cooperating with an electrolyte therein to provide
a cell voltage

electrical insulation means extending between the
outer peripheral edges of said elements defining
the outer periphery of said electrolyte-containing
space

said electrolyte containing space being in communi-
cation with the exterior of said device

said plate cathode elements forming a major external
wall portion of said device and

insulation means mounting said plate anode element
so that its surfaces are exposed only to said elec-
trolyte-containing space and is free from exposure
on an external surface of said device to prevent di-
rect contact of said reactive anode material with
body tissue

a sealed electronic pulse unit mounted within the
outer peripheral edges of said electrodes and elec-
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trically insulated therefrom, said C-shaped plate
anode element surrounding a major portion of said
pulse unit

said electronic pulse unit having input terminals con-
nected to said cathode and anode elements and a
single output pulse terminal for connection to said
heart electrode, said unit having circuit means pro-
viding at said output pulse terminal an output pulse
having a voltage greater than that of said cell volt-
age

said cathode and anode elements providing a power
source for said unit and providing an indifferent
electrode for return current flow from ‘said single
remote implantable heart electrode connected to
said output pulse terminal

said output pulse voltage when greater than said cell
voltage causing reverse current flow in said cath-
ode and anode elements for a substantial portion of
an output pulse for cleaning said electrodes.

4. An implantable electronic pulse heart pacer device

as claimed in claim 3, wherein

said electronic pulse unit circuit means includes a
pulse source and a pulse voltage multiplying circuit
comprising ‘

a plurality of capacitors connected to provide pre-
ceding and succeeding capacitors, each connected
through resistor means to said electrodes

a plurality of switching transistors having their bases
connected to said pulse source, their emitters con-
nected to one terminal of a preceding capacitor
and their collectors connected to the other termi-
nal of a succeeding capacitor, said transistor
switching means being responsive to an input pulse
for simultaneously switching said capacitors from"
parallel to series connection with each other for the
duration of said input pulse .

said capacitors when connected to each other in par-
allel connection being connéected across said elec-
trode means to charge said capacitors and when
connected to each other in series connection being
connected to said output pulse terminal to dis-
charge said capacitors to provide said output pulse
voltage greater than said cell voltage.

5. For use in combination with a single remote unipo-

lar implantable heart electrode, an implantable elec-
tronic pulse heart pacer device comprising

a plate cathode element of body tissue non-reactive
material having an outer peripheral edge

a plate anode element of reactive material having an
outer peripheral edge, said anode element being
positioned adjacent said plate cathode element
spaced from said cathode element to provide an’
electrolyte-containing space therebetween for co-
operating with an electrolyte therein to produce a
cell voltage

said electrolyte-containing space being in communi-
cation with the exterior of said device

said plate cathode element forming a major external
wall portion of said device and

insulation means mounting said plate anode element
so that its surface is exposed only to said fluid elec-
trolyte-containing space and is free from exposure
on an external surface of said device to prevent di-
rect contact of said reactive anode material with
body tissue

an electronic pulse unit having input terminals con-
nected to said cathode and anode elements and a
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single output pulse terminal for connection to said
heart electrode, said unit having circuit means pro-
viding at said output terminal an output pulse

said cathode and anode elements providing a power
source for said unit and providing an indifferent
electrode for return current flow from said single
remote implantable heart electrode connected to
said output pulse terminal.

6. For use in combination with a single remote unipo-
lar implantable heart electrode, an implantable elec-
tronic pulse heart pacer device comprising

a plate cathode element of body tissue non-reactive

material having an outer peripheral edge

a plate anode element of reactive material having an

outer peripheral edge, said anode element being
positioned adjacent said plate cathode element
spaced from said cathode element to provide an
electrolyte-containing space therebetween for co-
operating with an electrolyte therein to produce a
cell voltage

said electrolyte-containing space being in communi-

cation with the exterior of said device

said plate cathode element forming a major external

wall portion of said device and

insulation means mounting said plate anode element
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so that its surface is exposed only to said fluid elec-
trolyte-containing space and is free from exposure
on an external surface of said device to prevent di-
rect contact of said reactive anode material with
body tissue

a sealed electronic pulse unit mounted within the
outer peripheral edges of said electrodes and elec-
trically insulated therefrom,

said electronic pulse unit having input terminals con-
nected to said cathode and anode elements and a
single output pulse terminal for connection to said
heart electrode, said unit having circuit means pro-
viding at said output terminal an output pulse hav-
ing a voltage greater than that of said cell voltage

said cathode and anode elements providing a power
source for said unit and providing an indifferent
electrode for return current flow from said single
remote implantable heart electrode connected to
said output pulse terminal

said output pulse voltage when greater than said cell
voltage causing reverse current flow in said cath-
ode and anode elements for a substantial portion of

an output pulse.
* * * * *



