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(57) L’imvention concerne un support (10) flexible
destine a une ¢lectrode (11) €lectroconductrice mince,
lequel support présente un bord (16) autour de ses
surfaces principales (13, 14). Un ou plusieurs cadres (15)
circonférentiels disposes sur le support bloquent le bord
(12) de I'¢lectrode (11) par une contre-dépouille (16)
pratiquee sur le cadre (15). Une membrane (17) est
solidaire de un ou plusieurs cadres (15) afin de s’¢tendre
sur la méme longueur que ces derniers. La membrane
(17) est fine pour permettre une dilatation par rapport a
chaque cadre (15). Le ou les cadres (15) et la membrane
(17) constituent un ballonnet (17) dont les surfaces
(20, 21) inteérieure et exterieure presentent un orifice (22)
de gonflage. L 1invention concerne ¢galement un procede
de fabrication dudit support (10) pour ¢lectrode (11),
utilisant une cavite (30) moul€e pour profiler le support
(10) sur un f1n1 de surface non poli de maniere a faciliter
la libération du support (10).
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(57) A flexible support (10) for a thin electrically
conductive electrode (11) having an edge (16) around 1ts
major surfaces (13 and 14). One or more circumferential
frames (15) on the support capture the edge (12) of the
clectrode (11) by an under cut (16) on the frame (15). A
membrane (17) 1s integral with the one or more frames
(15) to extend and be coextensive with each. The
membrane (17) 1s thin to allow expansion 1n deference to
cach frame (15). The one or more frames (15) and the
membrane (17) form a balloon (17) with interior and
exterior surfaces (20 and 21) with an inflation port (22)
therethrough. A method of making the support (10) for
the electrode (11) has a mold cavity (30) to shape the
support (10 on an unpolished surface finish to enhance
release of the support (10).
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(57) Abstract

A flexible support (10) for a thin electrically conductive electrode (11) having an edge (16) around its major surfaces (13 and 14).
One or more circumferential frames (15) on the support capture the edge (12) of the electrode (11) by an under cut (16) on the frame (15).
A membrane (17) is integral with the one or more frames (15) to extend and be coextensive with each. The membrane (17) is thin to allow
expansion in deference to each frame (15). The one or more frames (15) and the membrane (17) form a balloon (17) with interior and
exterior surfaces (20 and 21) with an inflation port (22) therethrough. A method of making the support (10) for the electrode (11) has a
mold cavity (30) to shape the support (10 on an unpolished surface finish to enhance release of the support (10).
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electrosurgical electrode. More particularly, a circumferential frame shaped tfo
capture an edge of the electrosurgical electrode.

2. Background of the Disclosure

US Patent number 5,277,201 has a balloon with electrodes to delivery radio
frequency energy attached to the balloon for treatment of the endometrium.

US Patent number 5,443,470 has a regulated heating device with a balloon
having electrodes for delivery of radio frequency energy to the endometrium.

US Patent number 5,562,720 has a method of making a balloon with
electrodes attached thereto including use of sheet or curing a coating on a mandrel
to form the balloon to carry electrodes or sensors.

Ty

The method of manufacture for the expandable balloon includes casting
silicone elastomer dispersion over the radio frequency electrodes and allowing the
dispersion to remain volatile for an extended period of time before curing and

completing the balloon assembly. The casting process embeds the electrodes in a
consistent wall thickness of elastomer. The electrosurgical electrodes are not well

elastomer which may be too thick and makes the balloon bulky when it is folded
down and placed into the delivery sheath of the device. As a result, product yields
have been low due to electrode dislocation on the balloon surface during fold down

into the sheath. Average production throughput times are estimated in days to
complete the balloon casting and assembly.

US Patent number 4,955 377 has a balloon with an electrode there Inside
which heats therethrough.
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more circumferential frames each shaped to capture the edge of the

electrosurgical electrode are preferably on the support. An under cut is most
preferably on the circumferential frame for substantially holding and enclosing the
edge of the electrosurgical electrode. A membrane may be integral with the one or
more circumferential frames. The membrane can extend from each circumferential
frame and might be coextensive with each circumferential frame. It is preferred
that the membrane has a thinness sufficient to allow expansion in deference to the
one or more circumferential frames. The one or more circumferential frames, the

under cut and the membrane made in the preferred embodiment of the flexible
support be made from a flexible polymer.

The flexible polymer of the preferred embodiment has a percent of
elongation in the range of 500% to 1500%. The one or more circumferential
frames and the integral membrane form most preferably an inflatable balloon with

electrode on the exterior surface of the balloon. The membrane may expand upon
inflation of the inflatabie balloon. The one or more circumferential frames can

Include a window opening to a recess peripherally surrounded by the under cut and

a wall within the under cut is disposed to most preferably abut the edge of

electrosurgical electrode, the window opening shaped as the major surface of the
electrosurgical electrode while sized slightly smalier to define the under cut. The
flexible polymer is in the preferred embodiment an elastomeric material having a
high dielectricc. The flexible polymer is most preferably a silicone with 2
temperature resistance of at least 100 degrees centigrade. An adhesive can be if

desired applied to bond one major surface of the electrosurgical electrode within
the circumferential frame.

The membrane is desired to be integral with the one or more
circumferential frames, the membrane resides within the circumferential frame and
forms the exterior surface of a balloon.
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A method of making a flexible support for a thin electrically conductive
electrosurgical electrode may have steps. Providing a mold cavity to receive and
shape the flexible support is a preferred step. The mold most preferably has an
unpolished surface finish to enhance release properties during removal of the
flexible support. A step could inciude filling the mold cavity with a thermosetting
polymer. The step of heating the mold cavity to a temperature sufficient to cure
the thermosetting polymer into one or more circumferential frames each shaped to
capture the edge of the electrosurgical electrode might follow. An under cut on the
circumferential frame most preferably is for substantially holding andenclosing the
edge of the electrosurgical electrode. A membrane is desired to be integral with the
one or more circumferential frames for extending from each circumferential frame
and coextensive with each circumferential frame. The membrane may have a
thinness sufficient to allow expansion in deference to the one or more

thermosetting polymer. The steps of folding the flexible support and sealing the
abutting sides thereof to form a balloon can be performed if the molding is of a flat
preform. The step of inserting a core into the mold cavity to form a balloon during ‘
the step of filling may be an alternate step.

A mold for making a flexible support balloon for a thin electrically
conductive electrosurgical electrode with an edge therearound defining its shape

mounted atop the pedestal.

The flexible support is part of an ablation device for delivering necrosis to
the endometrium to eliminate uterine bleeding. The flexible support is preferably in
the shape of an expandable balloon carrying electrosurgical electrodes to deliver

radio frequency energy to the endometrial tissue thereby causing necrosis to the
endometrium.
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To overcome the difficulties of previous methods and designs, an
apparatus design and method of manufacture and equipment therefor have been
created to address the issues with existing balloons. The new design consists of a
method for molding the balloon with specific molded locations for the
electrosurgical electrodes. These molded locations include an under cut to capture
the edge of the electrosurgical electrode. The molded balloon includes a
membrane between the electrode locations. The membrane preferably has a
thinner wall section. This difference in wall section allows the balloon to expand
within the uterus more uniformly without dislocating the electrosurgical electrodes
from the balioon surface. Thus the uterine space is filled more uniformly for
distributing the electrosurgical electrodes and subsequently radio frequency energy

diameter which is also desirable for insertion and deployment of the balloon into
the uterus.

S I b 1. _. l.,';.;lh

Figure 1 is a perspective view of the electrosurgical electrode balloon shown
inflated as in the procedural mode.

e!ectrosurglcal electrode and the balloon in the area of one circumferential frame.

Figure 3 is an enlarged front view of the balloon as molded in a flat form with
electrosurgical electrodes installed but before heat sealing the edges to form a
complete balloon as shown in Figure 1.

Figure 4 is a partial enlarged side view in cross section taken along line 2-2
as shown in Figure 1 with particular emphasis on the relationship of the
electrosurgical electrode and the balloon in the area of one circumferential frame.
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Figure 5 is a schematic representation of the mold and its core shown as a

side view In cross section to illustrate the way in which a balloon is formed by
molding.

Figure 6 is an enlarged partial detail of the mold cavity used to form one
5 under cut, window opening , circumferential frame and the membrane thereabout.

2SI TION 15 UIRAVIN

i
A

Uterine balloon therapy to treat dysfunctional uterine bleeding with radio
frequency electrodes is described in the patents referenced in the background of
this disclosure. To overcome the difficulties of previous manufacturing and balloon

10 designs, an apparatus and method of making and equipment therefor have been
created to improve existing balloons. The disclosed balloon and method for
molding has specific molded locations to receive electrosurgical electfodes. These
molded locations capture each electrode to the exterior of the balloon. Between
the molded locations containing the electrodes the balloon has a flexible wall

15 section allowing expansion within the uterus without dislocating the electrosurgical
electrodes from the balloon. Thus the uterus is filled uniformly for distributing the
electrosurgical electrodes and applying radio frequency energy to the uterine walls.

Inconsistencies of casting or sheet fabrication described in the patents identified
are eliminated by molding a consistent geometry balloon with varying yet controlled

20 wall thickness. The molding process also allows for a thinner balloon wall
thickness that is desirable for folding the balloon, placement of the balloon in a
sheath and delivery and inflation of the balloon in the uterus. The molded locations

-permit the described use of a sheath without electrode dislocation from the balloon.
This thinner wall sections allow a smaller package with a minimum sheath diameter
25 desirable for insertion and deployment of the balloon into the uterus.

A flexible support 10 is shown in the figures and disclosed herein for
carrying a thin electrically conductive electrosurgical electrode 11. The preferred
electrosurgical electrode 11 is a polymeric film made conductive by metalization.

30 electro-deposited as a film. That film and the polymer are about .0254 mm thick

defining its shape about its major surfaces 13 and 14. From the figures it can be
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seen and understood that various shapes of electrosurgical electrodes 11 may be

used. The particular shape desired is a function of the organ and its tissue to be
treated by ablation.

substantially holding and enclosing the edge 12 of the electrosurgical electrode 11.
A membrane 17 integral with the one or more circumferential frames 15 extends
there beneath and therebetween to form a balloon wall 18 that is about .254 mm
thick. The membrane 17 thus extends from each circumferential frame 15 and is .
coextensive with each circumferential frame 15 forming a continuous inflatable
bladder 19, as shown in Figures 1 and 4. The membrane 17 has a thinness
sufficient to allow expansion of the membrane 17 in deference to each of the one
or more circumferential frames 15. The one or more circumferential frames 15, the

under cut 16 and the membrane 17 are molded into an integral flexible support 10.

A flexible polymer selected for its ability to retain inflation gas, liquid and/or
fluid and accommodate the heat of ablation is used to moid the flexible support 10.

The flexible polymer of the preferred embodiment has a percent of elongation in
the range of 500% to 1500%. The flexible polymer is an elastomeric material
having a high dielectric. The flexible polymer‘ Is most preferably a silicone with a
temperature resistance of at least 100 degrees centigrade. The silicone preferred
Is supplied by Applied Silicone Corporation, of Ventura, California as their LSR-30
part number 40025 with physical characteristics Including 600% elongation per
ASTM D412, durometer 30 Shore A tensile strength 950 psi, tear strength 150 ppi
and linear shrinkage during cure 2%. That initially liquid silicone rubber is medical
grade for the support and it performs acceptable in tests of burst strength,
dielectric strength (30,000 megohms), temperature resistance and biocompatibility.
The flexible support 10 and its one or more circumferential frames 15 and the
integral membrane 17 form an inflatable balloon 19 including an interior surface 20,
In Figure 2, and an exterior surface 21, in Figures 1, 2, 3 and 4. with an inflation
port 22 therethrough. The inflation port 22 is circular in Cross section to cooperate
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with a delivery sheath 23 as described in the patents in the background and as
understood by skilled artisans and medical practitioners.

Each under cut 16 on each of the one or more circumferential frames 15
situated, placed or disposed for substantially holding and enclosing the edge 12
each electrosurgical electrode 11 that the major surface 14 of the electrosurgical
electrode 11 rest against the exterior surface 21 of the inflatable balloon 19.

The membrane 17 is integral with the one or more circumferential frames
15, the membrane 17 resides within the circumferential frame 15 and forms the
exterior surface 21 of balloon 19. The membrane 17 is thin SO as to expand upon
inflation of the inflatable balloon 19 before and/or to a greater extent than each of
the one or more circumferential frames 15. The membrane 17 is continuous
except at the port 22 and at each of the one or more circumferential frames 15
there can be a hole 24 to pass a conductor 25 to couple the electrosurgical
electrode 11 held therewithin to a source of ‘electrosurgical energy (not shown)
during use in ablating the inside of the uterus. The electrosurgical electrodes 11
when made of electrically conductive polymeric film should have less extensibility
than the membrane 17 of the inflatable balloon 19. Thus each of the one or more
circumferential frames 15 resist change in shape during inflation of the inflatable
balloon 19. The extensibility of each of the one or more circumferential frames 15
Is desirably about that of the conductive film edge 12 of the electrosurgical
electrodes 11. Consequently, each of the one or more circumferential frames 15
reinforces the inflatable balloon 19 so that expansion during inflation is primarily in
the membrane 17 between the one or more circumferential frames 15 and not in

the portions of the membrane 17 within each of the one or more circumferential
frames 15.

Each of the one or more circumferential frames 15 includes a window
opening 26 to a recess 27 peripherally surrounded by the under cut 16 and a wall
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11 are sized similarly and the window opening 26 therefor is sized slightly smaller
to define the under cut 16 and retain the inserted electrosurgical electrode 11. An
adhesive 29 can be applied to bond major surface 14 of the electrosurgical

electrode 11 within the circumferential frame 15 and to seal the hole 24 for the
5 conductor 25, see Figure 2.

A method of making flexible support 10 for thin electrically conductive
electrosurgical electrode 11 has steps. Providing a mold cavity 30 to receive and

shape the flexible polymer of the flexible support 10 is a step. The mold cavity 30

has an unpolished surface finish (not shown) to enhance release properties during

10 removal of the flexible support 10 molded or formed therein. A step could include
filling the mold cavity 30 with a thermosetting polymer such as silicone. The step

of heating the mold cavity 30 to a temperature sufficient to cure the thermosetting

15

cavity 30 at 1000 psi. During curing the mold cavity 30 is heated to 3 range of 110
20 to 160 degrees centigrade depending of mold mass and ambient temperature.

The cure time in the mold cavity 30 at 110 to 160 degrees centigrade is about 2 to

S minutes. Membrane 17 is desired to be integral with the one or more

25 molded in the mold cavity 30 with a thinness sufficient to allow expansion in

30 configuration thereof to form inflatable balloon 19 can be performed if the mold
cavity 30 is of a flat preform 32. The step of inserting a core 33 into the mold

cavity 30 to form balloon 19 during the step of filling may be an alternate step, as
depicted in Figure 5.
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A mold 34 for making flexible Support balloon 19 for thin electrically
conductive electrosurgical electrode 11 with edge 12 therearound defining its
shape about its major surfaces 13 and 14 is shown in Figure 6. Top and bottom
platens 35 and 36 may be movably supported to fit together for the mold 34 to
define the mold cavity 30. The top and bottom platens 35 and 36 therein may
establish the mold cavity 30 of the preform shown in Figure 3 or Figure 4 as only a
part thereof is illustrated. The mold cavity 30 may be disposed in either the top
platen 35 or bottom platen 36. A pedestal 37 is located preferably upstanding
within the mold cavity 30. It is desired that a plate 38 in the mold cavity 30 be
mounted atop the pedestal 37.

The preferred embodiment of thin flexible support 10 is part of an ablation
device for delivering necrosis to the endometrium to eliminate uterine bleeding.
The flexible support 10 is preferably in the shape of expandable balloon 19
carrying electrosurgical electrodes 11 to deliver radio frequency energy to the
endometrial tissue thereby causing necrosis to the endometrium.

While a particular preferred embodiments have been illustrated and
described the scope of protection sought is in the claims that follow
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What is claimed is:

1. A flexible support (10) for a thin electrically conductive
electrosurgical electrode (11), the electrosurgical electrode (11) including an edge
(12) therearound defining its shape about its major surfaces (13) and (14)
comprising:

one or more circumferential frames (15) each shaped to capture the
edge (12) of the electrosurgical electrode (11);

an under cut (16) on the circumferential frame (15) for substantially
holding and enclosing the edge (12) of the electrosurgical electrode (11) , and

a membrane (17) integral with the one or more circumferential
frames (15), the membrane (17) extending from each circumferential frame (15)
and coextensive with each circumferential frame (15), the membrane (17) having a
thinness sufficient to allow expansion in deference to the one or more
circumferential frames (15) wherein the one or more circumferential frames (15),
the under cut (16) and the membrane (17) made from a flexible polymer.

2. The flexible support (10) for a thin electrically conductive
electrosurgical electrode (11) of claim 1 wherein the flexible polymer has a percent
of elongation in the range of 500% to 1500% and wherein the one or more
circumferential frames (15) and the integral membrane (17) form an inflatable
balloon (19), the inflatable balloon (19) having an interior surface (20) and an
exterior surface (21) with an inflation port (22) therethrough and wherein the under
cut (16) on the one or more circumferential frames (15) are for substantially

holding and enclosing the edge (12) of each electrosurgical electrode (11) on the
exterior surface (21) of the balloon (19).

3. The flexible support (10) for a thin electrically conductive
electrosurgical electrode (11) of claim 1 wherein the one or more circumferentia!
frames (15) include a window opening (26) to a recess (27) peripherally
surrounded by the under cut (16) and a wall (28) within the under cut (16) IS
disposed to abut the edge (12) of electrosurgical electrode (11), the window
opening (26) shaped as major surfaces (13) and (14) of the electrosurgical
electrode (11) while sized slightly smaller to define the under cut (16).
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4. The flexible support (10) for a thin electrically conductive
electrosurgical electrode (11) of claim 1 wherein the flexible polymer is an
elastomeric matenal having a high dielectric and wherein the flexible polymer is a
silicone with a temperature resistance of at least 100 degrees centigrade' and
wherein an adhesive (29) is applied to bond major surface (14) of the
electrosurgical electrode (11) within the circumferential frame (15).

S. The flexible support (10) for a thin electrically conductive
electrosurgical electrode (11) of claim 1 wherein the membrane (17) integral with
the one or more circumferential frames (15), the membrane (17) resides within the

circumferential frame (15) and forms the exterior surface (21) of a balloon (19).

6. A flexible support balloon (10) for a thin electrically conductive
electrosurgical electrode (11), the electrosurgical electrode (11) including an edge
(12) therearound defining its shape about its major surfaces (13) and (14)
comprising:

one or more circumferential frames (15) each shaped to capture the

edge (12) of the electrosurgical electrode (11), the one or more circumferential
frames (15) include a window opening (26) to a recess (27);

an under cut (16) on the circumferential frame (15) for substantially
holding and enclosing the edge (12) of the electrosurgical electrode (11), the under
cut (16) on the one or more circumferential frames (15) for substantially holding
and enclosing the edge (12) of each electrosurgical electrode (11) on the exterior
surface (21) of the balloon (19), the recess (27) peripherally surrounded by the
under cut (16) and a wall (28) within the under cut (16) is disposed to abut the
edge (12) of the electrosurgical electrode (11), the window opening (26) shaped

as the major surfaces (13) and (14) of the electrosurgical electrode (11) while sized
slightly smaller to define the under cut (16);

an adhesive (29) is applied to bond one major surface (14) of the
electrosurgical electrode (11) within the circumferential frame (15), and

a membrane (17) integral with the one or more circumferential
frames (15), the membrane (17) extending from each and coextensive with each,
the membrane (17) having a thinness sufficient to allow expansion in deference to
the one or more circumferential frames (15), the membrane (17) expands upon

PCT/US99/03334
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inflation of the inflatable balloon (19) and wherein the one or more circumferential
frames (15), the under cut (16) and the membrane (17) made from a flexible
polymer, the flexible polymer is an elastomeric material having a high dielectric, the
flexible polymer is a silicone with a temperature resistance of at least 100 degrees
centigrade, the flexible polymer has a percent of elongation in the range of 500%
to 1500%;

7. A method of making a flexible support (10) for a thin electrically
conductive electrosurgical electrode (11) comprising the following steps:

providing a mold cavity (30) to receive and shape the flexible

support (10), the mold cavity (30) having an unpolished surface finish to enhance
release properties;

filling the mold cavity (30) with a thermosetting polymer;

heating the mold cavity (30) to a temperature sufficient to cure the
thermosetting polymer into one or more circumferential frames (15) each shaped
to capture the edge (12) of the electrosurgical electrode (11), an under cut (16) on
the circumferential frame (15) for substantially holding and enclosing the edge (12)
of the electrosurgical electrode (11), and a membrane (17) integral with the one or
more circumferential frames (15), the membrane (17) extending from each
circumferential frame (15) and coextensive with each circumferential frame (15),
the membrane (17) having a thinness sufficient to allow expansion in deference to
the one or more circumferential frames (15) wherein the one or more
circumferential frames (15), the under cut (16) and the membrane (17) made from
the thermosetting polymer.

8. The method of claim 7 with the steps of folding the flexible support (10)
and sealing the abutting sides (31) thereof to form a balloon (19).

9. The method of claim 7 with the steps of inserting a core (33) into the
mold cavity (30) to form a balloon (19) during the step of filling.

10. A mold (34) for making a flexible support (10) for a thin electrically
conductive electrosurgical electrode (11), the electrosurgical electrode (11)

including an edge (12) therearound defining its shape about its major surfaces (13)
and (14), the mold (34) comprising:

Tl bl ariy  Nerbalide IOV Ol el 1 At o *e Tt G s L T MR LR T e AR e e

PCT/US99/03334



5

CA 02318043 2000-07-14

WO 99/42043 PCT/US99/03334

13

top and bottom platens (35) and (36) movably supported to fit
together, the top and bottom platens (35) and (36) defining a mold cavity (30)
when fit together:;

the mold cavity (30) in either the top platen (35) or bottom piaten
(36);

a pedestal (37) upstanding within the mold cavity (30), and

a plate (38) mounted atop the pedestal (37).
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