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1. 

MPLATABLEELECTRODE 

BACKGROUND OF THE INVENTION 

Implantable electro-medical devices are now well known in 
the art. The structure of the electrodes which connect the 
electrical signals from an implantable device to a desired por 
tion of the body, has been found to be highly important to 
those skilled in the art. For example, two electrode structures 
particularly adaptable to connect to nerves are shown and 
described in U.S. Pat. application Ser. No. 512,981, filed Dec. 
10, 1965, by Seymour I. Schwartz et al., now U.S. Pat. No. Re. 
26,810 and assigned to the assignee of this invention; and, 
U.S. Pat. No. Re. 26,809, issued Mar. 3, 1970, having the 
same inventor as this application, and assigned to the assignee 
of this invention. 
A review of the above mentioned application and patent 

will indicate that numerous advantages and disadvantages 
arise from the structure selected for the implantable elec 
trode. For example, the structure should be one which avoids 
traumatizing the portion of the body to which it is to be con 
nected, a particular electrode structure may be preferable as 
providing greater current density to a greater depth in the por 
tion of the body to be stimulated, and a guarded electrode 
structure may be preferred to prevent excess leakage current 
from stimulating portions of the body adjacent to that portion 
it is desired to stimulate. These are just a few of the problems 
involved in the structure of implantable electrodes. 
The apparatus of this invention overcomes particular prior 

art problems by providing a structure which is capable of 
atraumatic connection to nerves or other portions of the body 
of various sizes, while providing a permanent connection to 
the portion of the body, and providing an improved current 
density through the portion of the body to which it is con 
nected, as well as other various advantages. 

SUMMARY OF THE INVENTION 

Briefly described, the apparatus of this invention comprises 
one or more flexible electrodes connected to leads which are 
adapted to be connected to a source of electrical signal. The 
flexibility of the electrodes enables them to be wrapped 
around, for example, a portion of a nerve to be stimulated. 
Thus a greater surface contact area is provided between the 
electrode and the nerve, and the connection can be properly 
fitted to avoid trauma. The leads and the portion of the elec 
trode not to be in contact with the nerve are encased in a sub 
stance substantially inert to body fluids and tissue. A guarded 
electrode configuration may be used with the apparatus of this 
invention, in which case it is preferable to have the surface 
area of the electrode being guarded equal to the combined 
surface area of the guarding electrodes. This will provide an 
improved current density. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a two-electrode configura 
tion of the apparatus of this invention; 

FIG. 2 is a second perspective view of the configuration of 
FIG. 1 as shown in its preferred form prior to connection; 

FIG. 3 is a perspective view of a three-electrode, guarded 
electrode configuration of the apparatus of this invention; 

FIG. 4 is another perspective view of the configuration of 
FIG.3 shown in its preferred form prior to connection; 

FIG. 5 is a perspective view showing the apparatus of this in 
vention after connection to a portion of a body; 

FIG. 6 is a top-plane view of a variation of a guarded elec 
trode configuration of the apparatus of this invention; 

FIG. 7 is a copy of an equipotential line plot of the ap 
paratus of this invention shown in FIG. 1; 

FIG. 8 is a copy of an equipotential line plot of a prior art 
two-electrode configuration; 

FIG. 9 is a copy of an equipotential line plot for the ap 
paratus of FIG. 3; 

FIG. 10 is a copy of an equipotential line plot wherein the 
center or guarded electrode is not twice the surface area of the 
guarding electrodes; 
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2 
FIG. 11 is a copy of an equipotential line plot for a prior art 

three-electrode, guarded electrode configuration; 
FIG. 12 is a copy of an equipotential line plot for the ap 

paratus of FIG. 6; 
FIG. 13 is a perspective view of a variation of the apparatus 

of this invention involving a two-electrode, guarded electrode 
configuration; and 

FIG. 14 is another perspective view of the apparatus of FIG. 
13 shown in the preferred form prior to connection. 
DESCRIPTION OF THE PREFERREDEMBODIMENTS 

Throughout the FIGS. of the drawing the same number has 
been used to indicate the same or similar part of the ap 
paratus, though the embodiments themselves may vary. 

Referring first to FIGS. 1 and 2, there is seen a pair of elec 
trical conductor leads 10 and 11, which are adapted to be con 
nected to a source of electrical signal. An electrode 12 is con 
nected to lead 10, while another electrode 13 is connected to 
lead 11. Electrodes 12 and 13 are shown in the preferred em 
bodiment of FIG. 1 as generally rectangular, flat pieces of 
metal, which are flexible. If desired, flexible electrodes 12 and 
13 can be position retaining, that is, of a material that will hold 
any position or shape to which it is flexed. Leads 10 and 11 are 
encapsulated in a substance 14 substantially inert to body 
fluids and tissue. Electrodes 12 and 13 are partially encapsu 
lated in substance 14, leaving exposed those surfaces which 
will make contact with a portion of the body. A pair of tabs 15 
and 16 extend from substance 14 in the manner shown in FIG. 
1, for a purpose to be described below. 
FIG. 2 shows the embodiment of FIG. 1 in a shape which 

has been found preferable for the manufacture of nerve elec 
trodes. In FIG.2, electrodes 12 and 13 and the associated por 
tion of substance 14 are shown in a curved state to make it 
easy to hook the electrodes around a nerve, whereafter addi 
tional bending of electrodes 12 and 13 is completed. To 
achieve the form of FIG. 2, substance 14 is preferably semi 
cured while the structure is held in the position shown in FIG. 
2. 

Referring now to FIG. 5, it can be seen that the apparatus of 
FIGS. 1 and 2 is attached to a portion of the body, here shown 
as a representative drawing of a nerve 20, by bending elec 
trodes 12 and 13 around nerve 20. In FIG. 5 it can be seen that 
when the attachment of electrodes 12 and 13 is completed, 
tabs 15 and 16 will have met, at which time they are preferably 
joined by sutures such as 21, and the unneeded portions of 
tabs 15 and 16 are then cut off. 

Referring now to FIGS. 3 and 4, there are again shown leads 
10 and 11 encapsulated in a substance 14, the substance 14 
having extending tabs 15 and 16. A pair of electrodes 22 and 
24 are here shown connected to lead 10 while a single elec 
trode 23 is shown connected to lead 11. Leads 22, 23 and 24 
extend generally parallel, and leads 22 and 24 are in current 
guarding relation to lead 23. The advantages of a current 
guarding embodiment are described in U.S. Pat. No. Re. 
26,809, mentioned above. FIG. 4 shows a configuration of this 
second preferred embodiment similar to that of FIG. 2 and 
achieved in the same manner and for the same purposes as 
those described above in the discussion of FIG. 2. The em 
bodiment of FIGS. 3 and 4 is connected to a portion of the 
body, such as nerve 20 in FIG. 5, in the same manner 
described above for the connection of the embodiment of 
FIGS. 1 and 2. 

Referring again to FIGS. 3 and 4, it can be seen that elec 
trode 23 is of greater width than either of electrodes 22 and 
24. Preferably, the width of electrodes 22 and 24 is substan 
tially equal, and the width of electrode 23 is approximately 
twice that of either of electrodes 22 and 24. This improvement 
results in a greater current density through the portion of the 
body to receive the electrical signal, such as nerve 20 in FIG. 
5. This effect will be more fully described below. 

Referring now to FIG. 6, there is seen a variation of the 
guarded electrode embodiment of the apparatus of this inven 
tion. In this embodiment, leads 10 and 11 are again con 
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nected, respectively, to a pair of parallel extending electrodes 
12 and 13. A U-shaped electrode 18 is at least partially encap 
sulated in substance 14 such that leads 12 and 13 extend into 
the open end of U-shaped member 18 and are parallel to and 
substantially in the same plane as member 18. 

FIGS. 7 through 12 constitute copies of equipotential line 
plots of the apparatus of this invention and of various prior art 
electrode configurations, the plots actually taken by the inven 
tor of the apparatus of this invention. FIGS. 7 through 12 
represent cross sections of the electrodes as they would ap 
pear when connected to a portion of the body, such as nerve 
20 in FIG.S. 

Referring first to FIG. 7, the two-electrode configuration of 
FIG. , it can be seen that electrodes 12 and 13 appear on op 
posite sides of the portion of the body to which they are at 
tached. FIG. 8 is an equipotential line plot of a prior art two 
electrode configuration such as that of the patent application 
of Seymour I. Schwartz et al. described above. The electrodes 
herein are denoted 12" and 13", and it can be seen that they 
appear on only one side of the portion of the body to which 
they are attached. A review of the equipotential line plots of 
FIGS. 7 and 8, recognizing that current is normal to the 
equipotential lines, makes apparent that the plot of FIG.7 has 
a greater density of equipotential lines, with less curvature, 
located in the central portion between electrodes 12 and 13. 
The plot of FIG. 8 indicates very few equipotential lines 
limited to the space between electrodes 12' and 13', and 
shows more equipotential lines extending external to the en 
tire configuration than does the plot of FIG. 7. It thus becomes 
apparent that the concentration of current in the nerve such as 
20 is much improved by the use of the apparatus of this inven 
tion as depicted by FIG. 7. 

FIGS. 9, 10 and 11 are equipotential line plots for various 
three-electrode configurations. FIG. 9 represents an 
equipotential line plot for apparatus such as that shown in 
FIGS. 3 and 4. FIG. 10 represents an equipotential line plot, 
for a configuration similar to that shown in FIGS. 3 and 4, but 
where the guarded electrode 23' is not of greater width than 
the guarding electrodes 22' and 24". FIG. 11 is an equipoten 
tial line plot for a prior art guarded electrode configuration 
such as that shown in U.S. Pat. No. Re. 26,809, described 
above. 

In FIG. 11, the three electrodes are denoted 22', 23' and 
24'. It can be seen that guarded electrode 23' has the greater 
amount of equipotential lines surrounding it, but that very few 
equipotential lines extend through the portion of the body to 
which the electrode is connected. Further, the shape of the 
equipotential lines surrounding electrode 23' indicate that 
they contribute little current to the longitudinal direction of 
the portion of the body being stimulated. 

Reference to the equipotential line plot of FIG. 10 indicates 
an improvement in the number of equipotential lines flowing 
vertically, as shown in the diagram, through the portion of the 
body to be stimulated. This advantage is achieved through the 
fact that electrodes 22", 23' and 24' appear on opposite sides 
of the portion of the body to which they are connected. How 
ever, reference to FIG. 9 indicates a by far greater number of 
equipotential lines which are comparatively evenly spaced and 
extend vertically through the portion of the body being stimu 
lated. This much improved result is due to the surface area of 
guarded electrode 23 being approximately double that of 
either of the two guarding electrodes 22 and 24. It is thus ap 
parent that the type of structure obtainable with the flexible 
electrodes of this invention allows a greatly improved current 
density and distribution in the portion of the body to be stimu 
lated over the prior art configurations, as may be seen by com 
paring the prior art equipotential line plot of FIG. 11 to that of 
the plot of FIG. 10 and FIG. 9. It is also apparent that the ap 
paratus of FIG. 3 of the drawing is preferred in that it gives the 
most favorable equipotential line plot as shown in FIG.9. 

Referring now to FIG. 12, there is shown an equipotential 
line plot for the apparatus of FIG. 6, a variation of the guarded 
electrode configuration. Here again, the equipotential line 
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4. 
plot achieved by having electrodes 12, 13 and 18 on both sides 
of the portion of the body being stimulated is seen to be 
preferable to that of the prior art guarded electrode configura 
tion of FIG. 1. 

Referring now to FIGS. 13 and 14 there is yet another varia 
tion of the apparatus of this invention, this variation compris 
ing a two-electrode, guarded configuration. In FIG. 13 there is 
shown a pair of leads 50 and 51. Lead 50 has an extending 
portion 52 which acts as an electrode such as electrode 12 of 
FIG. 1, except that extending portion 52 is curved in a 
generally U-shape as shown in FIGS. 13 and 14. Lead 51 has 
an extending portion 53 which acts as electrode 13 in FIG. 1, 
except that electrode 53 extends into the U-shape formed by 
electrode 52. Leads 50 and 51 are encapsulated in substance 
14 having extending tabs 15 and 16, while the extending por 
tion comprising electrodes 52 and 53 are partially encapsu 
lated in substance 14, having exposed those areas adapted to 
be connected to the portion of the body. FIG. 14 shows the 
structure of FIG. 13 in the form preferable prior to connec 
tion, which is for the purposes and achieved in the manner 
described above for the apparatus of FIG. 2. 

Again referring to FIGS. 13 and 14 it should be recognized 
that the highly flexible leads 50 and 51, which terminate in 
electrodes 52 and 53, are of a different design than coiled 
leads 10 and 11 of FIG. 1, and that the use of leads 50 and 51 
is unique in implantable electrodes. Each of leads 50 and 51 
comprises a plurality of non-overlapping, helically wound, 
electrical conductor lines. The lines are wound around an 
electrically insulating core. In addition, each of the lines com 
prises a single electrical conductor strip which is helically 
wound on a separate electrically insulating core. The use of 
this type of lead in an implantable electrode offers a greater 
flexibility and durability than leads previously used in the prior 
art. 

From the above description it will be apparent that the ap 
paratus of this invention offers significant advantages over the 
prior art, and it should be recognized that the embodiments 
described above are the preferred embodiments but that other 
configurations may be used without departing from the scope 
of this invention. 
That which is claimed is: 
1. Electrode apparatus for implantation in the body com 

prising: electrical conductor lead means adapted to be con 
nected to a source of electrical current, flexible electrode 
means connected to said lead means, said flexible electrode 
means including means for being bent to adjustably substan 
tially completely encircle and electrically contact the portion 
of the body to receive the electrical signal; and said lead 
means and a portion of said electrode means being encapsu 
lated in an electrically insulating substance substantially inert 
to body fluids and tissue. 

2. The apparatus of claim 1 in which said substance in 
cludes: portions of said substance encapsulating said electrode 
means which extend in opposite directions when said elec 
trode means are not bent and which are adapted to meet for 
joining when said electrode means are bent to generally encir 
cle the portion of the body, for holding said electrode means 
in contact with the portion of the body. 

3. The apparatus of claim 1 including: a pair of said lead 
means; and a pair of said flexible electrode means, each con 
nected to a different one of said lead means. 

4. The apparatus of claim 3 in which said pair of flexible 
electrodes each comprise a generally rectangular flat strip of 
flexible metal. 

5. The apparatus of claim 4 in which said flexible metal is 
position retaining. 

6. The apparatus of claim 3 in which said pair of flexible 
electrode means extend generally parallel. 

7. The apparatus of claim 6 including: U-shaped electrical 
conductor means at least partially encapsulated in said sub 
stance and mounted so that said parallel pair of flexible elec 
trode means extend parallel to and in substantially the plane of 
and through the open end of said U-shaped means. 
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8. The apparatus of claim 1 including: a pair of lead means; 
a pair of said flexible electrode means, both connected to a 
first one of said pair of lead means; a third of said flexible elec 
trode means connected to a second one of said pair of lead 
means, and said pair of flexible electrode means mounted for 
current guarding said third flexible electrode means. 

9. The apparatus of claim 8 in which the surface area of said 
third flexible electrode is approximately equal to the com 
bined surface area of said pair of flexible electrodes. 

10. The apparatus of claim 8 in which: each of said flexible 
electrode means comprise a generally rectangular flat strip of 
flexible metal. 

11. The apparatus of claim 10 in which said flexible metal is 
position retaining. 

12. The apparatus of claim 10 in which: the width of said 
pair of flexible electrodes is equal; and the width of said third 
flexible electrode is approximately twice the width of one of 
said pair of flexible electrodes. 

13. The apparatus of claim 10 in which: all said flexible 
electrode means extend generally parallel; and said third flexi 
ble electrode means is mounted between said pair of flexible 
electrode means. 

14. The apparatus of claim 1 in which: said lead means com 
prise a plurality of electrical conductor lines wound in a non 
overlapping, helical pattern around an electrically insulating 
core, said lines each comprising a single electrical conductor 
strip helically wound around a separate electrically insulating 
core; and said flexible electrode means comprise an extending 
portion of said lead means. 

15. The apparatus of claim 14 in which: one of said flexible 
electrode means is U-shaped; and the other of said flexible 
electrode means extends parallel to and in substantially the 
plane of and through the open end of said U-shape of said one 
flexible electrode, so that said one flexible electrode means is 
in current guarding relation to said other flexible electrode 
eaS. 

16. In implantable electrode apparatus having electrical 
conductor lead means connected to a plurality of electrode 
means, the lead means adapted to be connected to a source of 
electrical current such that at least one of the electrode means 
is of opposite electrical polarity to at least another of the elec 
trode means, the improvement comprising: the electrode 
means including means for selective flexing to substantially 
completely encircle and electrically connect to a portion of a 
body such that at least portions of electrode means of opposite 
electrical polarity are on opposite sides of the portion of the 
body. 

7. Electrode apparatus for implantation in the body com 
prising: electrical conductor lead means adapted to be con 
nected to a source of electrical current, flexible electrode 
means connected to said lead means, and including bend area 
means for bending to adjustably substantially completely en 
circle the portion of the body to receive the electrical signal; 
said lead means and a portion of said electrode means being 
encapsulated in an electrically insulating substance substan 
tially inert to body fluids and tissue; and at least a portion of 
said bend area means not encapsulated in said substance. 

18. The apparatus of claim 17 in which said substance in 
cludes: portions of said substance encapsulating said electrode 
means which extend in opposite directions when said bend 
area means are not bent for joining when said bend area 
means are bent to generally encircle the portion of the body, 
for holding said electrode means in contact with the portion of 
the body. 

19. The apparatus of claim 17 including: a pair of said lead 
means; and a pair of said flexible electrode means, each con 
nected to a different one of said lead means. 

20. The apparatus of claim 19 in which said pair of flexible 
electrodes each comprise a generally rectangular flat strip of 
flexible metal having a bend area portion not encapsulated in 
said substance. 

21. The apparatus of claim 20 in which said flexible metal is 
position retaining. 
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6 
22. The apparatus of claim 19 in which said pair of flexible 

electrode means extend generally parallel. 
23. The apparatus of claim 22 including U-shaped electrical 

conductor means at least partially encapsulated in said sub 
stance and mounted so that said parallel pair of flexible elec 
trode means extend parallel to and in substantially the plane of 
and through the open end of said U-shaped means. 

24. The apparatus of claim 17 including: a pair of lead 
means; a pair of said flexible electrode means, both connected 
to a first one of said pair of lead means; a third of said flexible 
electrode means connected to a second one of said pair of lead 
means; and said pair of flexible electrode means mounted for 
current guarding said third flexible electrode means. 

25. The apparatus of claim 24 in which the surface area of 
said third flexible electrode is approximately equal to the com 
bined surface area of said pair of flexible electrodes. 

26. The apparatus of claim 24 in which: each of said flexible 
electrode means comprise a generally rectangular flat strip of 
flexible metal having a bend area portion not encapsulated in 
said substance. 

27. The apparatus of claim 26 in which said flexible metal is 
position retaining. 

28. The apparatus of claim 26 in which: the width of said 
pair of flexible electrodes is equal; and the width of said third 
flexible electrode is approximately twice the width of one of 
said pair of flexible electrodes. 

29. The apparatus of claim 26 in which: all said flexible 
electrode means extend generally parallel; and said third flexi 
ble electrode means is mounted between said pair of flexible 
electrode means. 

30. The apparatus of claim 17 in which: said lead means 
comprise a plurality of electrical conductor lines wound in a 
non-overlapping, helical pattern around an electrically insu 
lating core; said lines each comprising a single electrical con 
ductor strip helically wound around a separate electrically in 
sulating core; and said flexible electrode means comprise an 
extending portion of said lead means. 

31. The apparatus of claim 30 in which: one of said flexible 
electrode means is U-shaped; and the other of said flexible 
electrode means extends parallel to and in substantially the 
plane of and through the open end of said U-shape of said one 
flexible electrode, so that said one flexible electrode means is 
mounted for providing current guarding to said other flexible 
electrode means. 

32. Electrode apparatus for implantation in the body com 
prising: electrical conductor lead means adapted to be con 
nected to a source of electrical current; flexible wraparound 
electrode means connected to said lead means, said electrode 
means including means for forming an adjustable configura 
tion adapted to substantially encircle and electrically contact 
different-sized portions of the body to receive the electrical 
currents, and electrically insulating, flexible means substan 
tially inert to body fluids and tissue encapsulating said lead 
means and a portion of said electrode means. 

33. Electrode apparatus for implantation in the body com 
prising: electrical conductor lead means adapted to be con 
nected to a source of electrical current; flexible wraparound 
electrode means connected to said lead means, said electrode 
means including means for forming an adjustable configura 
tion adapted to substantially encircle and electrically contact 
different-sized portions of the body to receive the electrical 
current and for confining and concentrating sufficient current 
density to a selected portion of the body without adversely af. 
fecting said portion of the body; and electrically insulating, 
flexible means substantially inert to body fluids and tissue en 
capsulating said lead means and a portion of said electrode 
eaS 

34. Electrode apparatus for implantation in the body com 
prising: electrical conductor lead means adapted to be con 
nected to a source of electrical current; flexible, wraparound, 
substantially elongated electrode means connected to said 
lead means, said electrode means including means for forming 
an adjustable configuration adapted to substantially encircle 
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and electrically contact different-sized portions of the body to 
receive the electrical current; electrically insulating, flexible, 
means substantially inert to body fluids and tissue encapsulat 
ing said lead means and all of said electrode means except for 
that portion of said electrode means adapted to contact a por 
tion of the body; and generally oppositely extending tab means 
connected to the portion of said insulating means encapsulat 
ing said electrode means, said tab means for fastening together 
for assisting in retaining said electrode means in a desired con 
figuration. 

35. Electrode apparatus for implantation in the body com 
prising: electrical conductor lead means adapted to be con 
nected to a source of electrical current; flexible, wraparound, 
substantially elongated electrode means connected to said 
lead means, said lead means comprising at least two separate 
electrical conductors and said electrode means comprising at 
least two separate electrodes; electrically insulating, flexible 
means substantially inert to body fluids and tissue encapsulat 
ing said lead means and all of said electrode means except for 
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a portion of said electrode means adapted to contact a portion 
of the body; said encapsulating means extending beyond said 
electrode means and defining oppositely extending integral 
tab means; said portion of said electrode means adapted to 
contact a portion of the body defining an elongated area of ex 
posed electrode surface comprising a major portion of the 
length of said electrode means and further defining an elon 
gated area of reduced thickness in cross section, substantially 
less than the thickness of areas immediately adjacent opposite 
ends of said electrode means, said area of reduced thickness 
defining an elongated portion of greater flexibility than the 
areas immediately adjacent thereto, and further providing a 
bend area means for forming an adjustable configuration 
adapted to substantially encircle different-sized portions of 
the body to receive the electrical current, such that when said 
bend area is bent around a portion of the body the areas of 
greater thickness and said tab means will lie substantially to 
one side of said portion of the body. 
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