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1
CATHETER BALLOONS

The present invention relates to medical devices, in par-
ticular to balloons for use with balloon catheters.

BACKGROUND OF THE INVENTION

Balloon catheters are used in many medical procedures
such as ablation, drug delivery, brachytherapy, chemo-
therapy, coronary angioplasty and thromboembolectomy.
Regardless of whether the use to which the balloon catheter is
being put involves transmitting substances, as in the case of
chemotherapy or brachytherapy, or transmitting energy, as in
the case of ablation, to a target site, it is preferred that the
transmitting surface of the balloon be maintained in close
contact with the target surface. At present, this most often
involves careful application and control of pressure to the
balloon by the operator from a location quite remote from the
balloon. This generally requires substantial skill and, depend-
ing on the length of the procedure being applied, can be quite
exhausting.

Most balloon catheter uses require means for delivering a
therapeutic payload (the most notable exception being coro-
nary angioplasty wherein the expansion of the balloon itself
elicits the desired therapeutic effect), be it radiation, a drug,
cold, RF energy, etc., to the target site. For example, to ablate
an area of a vessel in a patient’s body, RF energy must be
delivered from its source, usually outside the patient’s body,
to specific locations on the balloon that is situated at the target
site. Means for achieving this include having thin conductive
metal electrodes displayed in a desired pattern on the outer
surface of the balloon and using the patient’s body as the
second electrode or ground. Alternatively, the balloon itself
may be rendered energy-transmissive by doping the material
from which it is made with a conductive metal or other con-
ductive substance. A non-conductive mask is then applied to
a surface of the conductive balloon to create the desired
ablation pattern. Numerous other ways of creating ablation
balloons are known in the art. All of them are generally
relatively complicated to manufacture and tend to be quite
expensive.

It would be desirable to have a catheter balloon capable of
self-anchoring at a target site in a patient’s body to relieve the
operator of the duty and to provide consistent and even con-
tact for the duration of a procedure. It would also be desirable
to have a simpler, less expensive energy-transmitting balloon.
The present invention provides catheter balloons that meet
both these desired criteria.

SUMMARY OF THE INVENTION

Thus, one aspect of this invention is a balloon catheter
comprising a distally-located inflatable balloon comprising
an energy-conductive hydrophilic polymer having a tensile
strength of at least 3000 psi, wherein the balloon is molded to
inflate to specified equilibrium dimensions when subjected to
about one atmosphere of internal pressure.

In an aspect of this invention, the hydrophilic polymer
further has an elasticity that permits the balloon to inflate to
dimensions greater than its equilibrium dimensions under
more than one atmosphere of internal pressure without fail-
ing.

In an aspect of this invention, the balloon can be inflated to
dimensions at least 50% greater than its equilibrium dimen-
sions.

In an aspect of this invention, the hydrophilic polymer,
when hydrated, comprises from 10 volume percent to about
40 volume percent water.
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In an aspect of this invention, the hydrophilic polymer,
when hydrated, comprises about 20% volume percent water.

In an aspect of this invention, the hydrophilic polymer
comprises a conductive homopolymeric or co-polymeric
thermoplastic polyurethane when hydrated with an electro-
Iytic solution.

In an aspect of this invention, the balloon further compris-
ing a non-conductive polymer mask adhered to a surface of
the balloon to create a pattern of conductive and non-conduc-
tive areas wherein the non-conductive polymer has physical
and chemical characteristics compatible with those of the
hydrophilic polymer.

In an aspect of this invention, the non-conductive polymer
comprises a non-conductive homopolymeric or co-polymeric
thermoplastic polyurethane.

In an aspect of this invention, the conductive areas of the
balloon have a wall thickness of from about 0.0005" to about
0.005".

An aspect of this invention is a balloon catheter wherein the
balloon, when inflated under about one atmosphere of pres-
sure or over-inflated with greater than one atmosphere of
pressure, the balloon comprises a generally elongate member
having a proximal end, a distal end, a first diameter at or near
the proximal end, a second diameter at or near the distal end
and a third diameter located between the first and second
diameters, wherein the first and second diameters may be the
same or different, the third diameter is less than both the first
and second diameters; the first diameter is coupled to the third
diameter by a distal-facing sloping surface; and, the second
diameter is coupled to the third diameter by a proximal-facing
sloping surface.

In an aspect of this invention, the second diameter is less
than the first diameter.

In an aspect of this invention the distal-facing sloping
surface comprises a therapeutic element.

In an aspect of this invention, the therapeutic element is
selected from the group consisting of an RF energy transmit-
ting element, a microwave energy transmitting element, an
ultrasound energy transmitting element, a laser light energy
transmitting element, a drug delivery element, a radiation
energy delivery element, a cryogenic energy transmitting ele-
ment and a cutting element.

In an aspect of this invention, the balloon comprises a an
energy-conductive hydrophilic polymer having a tensile
strength of at least 3000 psi.

In an aspect of this invention, the hydrophilic polymer,
when hydrated, comprises from 10 volume percent to about
40 volume percent water.

In an aspect of this invention, the hydrophilic polymer,
when hydrated, comprises about 20% volume percent water.

In an aspect of this invention, the hydrophilic polymer
comprises a conductive homopolymeric or co-polymeric
thermoplastic polyurethane when hydrated with an electro-
Iytic solution.

In an aspect of this invention, the thermoplastic polyure-
thane is TECOPHILIC®.

In an aspect of this invention, balloon further comprises a
non-conductive polymer mask adhered to its distal-facing
surface to create a pattern of conductive and non-conductive
areas wherein the non-conductive polymer has physical char-
acteristics compatible with those of the hydrophilic polymer.

In an aspect of this invention, the non-conductive polymer
is NeoRez 967®.

In an aspect of this invention the non-conductive polymer
comprises a non-conductive homopolymeric or co-polymeric
thermoplastic polyurethane.
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In an aspect of this invention, the non-conductive polyure-
thane is TECOFLEX®.

In an aspect of this invention, the conductive areas of the
balloon have a wall thickness of from about 0.0005" to about
0.005".

In an aspect of this invention, the balloon catheter compris-
ing an ablation balloon catheter.

In an aspect of this invention the energy conducted is RF
energy.

An aspect of this invention is an electrode assembly, com-
prising an elongate member; an inflatable member secured to
the elongate member, the inflatable member having a proxi-
mal end, a distal end, a lumen extending therebetween, and a
conductive region; and, an electrode carried by the elongate
member, the electrode located within the lumen of the inflat-
able member and proximal to the conductive region of the
inflatable member.

In an aspect of this invention, with regard to the electrode
assembly, the inflatable member comprises an energy-con-
ductive hydrophilic polymer having a tensile strength of at
least 3000 psi.

In an aspect of this invention, with regard to the electrode
assembly, the inflatable member is molded to inflate to speci-
fied equilibrium dimensions when subjected to about one
atmosphere of internal pressure.

In an aspect of this invention, with electrode assembly
further comprising a non-conductive polymer mask adhered
to a surface of the inflatable member to create a pattern of
non-conductive area wherein the non-conductive polymer
has physical and chemical characteristics compatible with
those of the hydrophilic polymer.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic representation of a balloon catheter.
FIG. 1A shows the overall catheter and FIG. 1B shows a
deployed balloon.

FIG. 2 is a schematic representation of a balloon of this
invention shown in the form of an ablation balloon. The
depiction of an ablation balloon, while an aspect of this inven-
tion, is not the only use to which the balloons herein can be
put. That is, the depiction is for illustrative purposes only and
is not intended, nor should it be construed as limiting the
scope of this invention.

FIG. 3 is a schematic representation of a self-anchoring
balloon of this invention. Again, the balloon is shown as an
ablation balloon but this is for illustrative purposes only and
likewise is not intended, nor is it to be construed as limiting
the scope of this invention in any manner whatsoever.

FIG. 4 is a schematic representation of an ablation system,
which includes a balloon in accordance with an embodiment
of'this invention. The depiction of an ablation balloon, while
an aspect of this invention, is not the only use to which the
balloons herein can be put. That is, the depiction is for illus-
trative purposes only and is not intended, nor should it be
construed as limiting the scope of this invention.

FIG. 5 illustrates a side cross sectional view of an electrode
assembly, which includes a balloon in accordance with an
embodiment of this invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

The balloons of this invention may be used with any bal-
loon catheter of any design. A balloon catheter is shown
generically in FIG. 1. It is understood that nothing in the
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figure is intended, nor is to be construed, to limit the scope of
this invention in any manner whatsoever.

In FIG. 1A, catheter shaft 9 has a distal section 12 which
contains deployable balloon 10, a shaft distal end 2 a shaft
proximal end 3 and at least one lumen 13 extending between
the two ends. Lumen 13 has at least one opening at the distal
section 12 of the catheter shaft 9. Handle 4 is located at the
proximal end of catheter shaft 9. The handle may contain
means for controlling the movement of distal section 12 of
shaft 9. Handle 4 may also include one or more hollow tubes
7, each having a proximal end, a distal end, a passageway and
a locking valve 8 attached to it. Each such passageway is
connected to one of the lumens 13 and is used to deliver and
receive substances, in particular a working fluid for the infla-
tion of the balloon when deployed, to and from distal section
12. In general, a balloon catheter has at least two lumens 13,
one for inflation of the balloon and one for deflation of the
balloon. In the case of an ablation balloon catheter, additional
passageways and/or lumens are required for passage of wires
from an RF generator, usually located remote from the cath-
eter and connected thereto by electrical wires, to electrodes
located at balloon 10. At the distal end of section 12 is a guide
wire lumen 19 through which guide wire 18 is passed. FIG.
1B shows a balloon deployed and inflated. Balloon 10 is
shown with a conductive region 14 and a non-conductive
region 17, as would be the case when the balloon catheter is
used for ablation. In this case, the working fluid used to inflate
the balloon is usually physiological saline, which is conduc-
tive and compatible with body fluids. A ground electrode is
attached to a remote location in the patient’s body, conductive
region 14 is placed in contact with tissue to be ablated and RF
energy is transmitted to the saline by wire/electrode 20 which
is attached to an energy source at its other end, and then
through the conductive region 14 to the tissue. It is understood
that depiction of the balloon as an ablation device is for
illustrative purposes only and is not intended, nor is it to be
construed, as limiting the invention in any way.

In one aspect of this invention, the balloon of the balloon
catheter is constructed of a polymeric substance that is hydro-
philic. By hydrophilic, it is meant that the polymer, when in
contact with an aqueous solution, can absorb a quantity of
water into it’s structure while still maintaining its structural
integrity. When the polymer absorbs water, it is said to be
hydrated. To be useful as a balloon-forming material of this
invention, the hydrophilic polymer must have sufficient
strength to maintain structural integrity even when the bal-
loon is subjected to substantial internal pressure as from a
working fluid, usually physiological saline, used to inflate it
and to external forces such as abrasion that might occur on
contact with the interior surfaces of a patient’s vessels. Thus,
in a presently preferred embodiment of this invention, the
hydrophilic polymer must have an ultimate tensile strength,
both dry and in the hydrated state, of at least 3000 psi. As used
herein, tensile strength has its usual meaning, that is, the
force, measured in pounds per square inch (psi) needed to
stretch the polymer until it breaks.

Balloons of this invention can be constructed by any of the
various techniques well-known to those skilled in the art. For
example without limitation, the polymer can be dip-coated on
a mandrel that has a defined size and shape. When removed
from the mandrel, the balloon, when inflated with about one
atmosphere of pressure will assume the dimensions of the
mandrel without incurring any tensional force in the polymer.
The dimensions of a balloon inflated with about one atmo-
sphere pressure after formation by whatever means selected
will, for the purpose of this discussion, be called the balloon’s
equilibrium dimensions.
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Balloons of this invention may also be formed by spin-
coating in a hollow mold. When the mold is removed, as in the
case of a dip-coated mandrel, the balloon will inflate to equi-
librium dimensions that are the same as the interior dimen-
sions of the hollow mold.

In addition, balloons can be formed by injection or blow
molding. In this process, a pre-formed length of tubing made
of the polymer is placed in a hollow mold having internal
dimensions that reflect the desired equilibrium dimensions of
the balloon to be formed. One end of the tube is sealed off and
a working fluid is injected into the open end of the tube with
sufficient force to cause the working fluid to expand the
tubing until the wall of the tubing is in intimate contact with
the inner surface of the mold. The polymer is then annealed,
if desired, and cooled after which the mold is removed leaving
a portion of the tubing as a balloon that, upon inflation, will
assume equilibrium dimensions.

The above are but a few methods of forming balloons.
Others will be apparent to those skilled in the art based on the
disclosures herein. All such methods are within the scope of
this invention.

In addition to tensile strength, in a presently preferred
embodiment of this invention, the polymeric material of
which a balloon is made has sufficient elasticity so as to be
capable of stretching substantially beyond its equilibrium
dimensions without failing; that is tearing or bursting, when
subjected to internal pressures greater than one atmosphere.
Classically, elasticity is a measure of the ability of a material
to stretch under tension to beyond its initial dimensions and
then to return to, or nearly to, its original dimensions when the
tension is relaxed. While the polymers used to make the
balloon of this invention may react in the classical manner
and, as such, are within the scope of this invention, such is not
necessarily the case. That is, a balloon of this invention may
be capable of inflation up to 400% of its equilibrium dimen-
sions but may not return to, or even nearly to, its equilibrium
dimensions when deflated and may in fact remain substan-
tially “stretched out.” It is presently preferred that the hydro-
philic polymer selected for balloons of this invention be such
that the balloon is capable, when hydrated, of up to 50%
expansion beyond its equilibrium dimensions. When being
inflated, a balloon of this invention will expand in such a
manner that all its dimensions increase in approximately a
constant ratio to the corresponding equilibrium dimension;
that is, as it is inflated the balloon essentially retains its initial
equilibrium shape—it just gets bigger.

A presently preferred hydrophilic polymer from which to
make balloons of this invention is TECOPHILIC®, manufac-
tured by Thermedics Polymer Products, Woburn, Mass.
TECOPHILIC® is a polyether-based aliphatic polyurethane.
The TECOPHILIC® family of polyurethanes meet all the
criteria discussed above for balloon of this invention. That is,
TECOPHILIC® HP-60D-35, a presently preferred member
of the family from which to manufacture balloons of this
invention, has an ultimate tensile strength (pressure required
to break apart a sample of polymer) of 7800 psi dry and 4900
hydrated. In addition, it has an ultimate elongation, i.e., elon-
gation to break which is related to elasticity as used herein, of
450% dry and 390% hydrated. Other hydrophilic polymers
having the desired physical characteristics will become
apparent to those skilled in the art based on the disclosures
herein and are within the scope of this invention.

The TECOPHILIC® balloon is rendered conductive by
hydration with an electrolytic solution, that is, a solution
containing sufficient ionic content to conduct energy such as,
in a presently preferred embodiment, RF energy. For medical
use, the electrolytic solution is normally physiological saline,
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that is, a sterile approximately 0.9% aqueous sodium chloride
solution that is isotonic with body fluids. Any salt solution at
any desired concentration can, however, be used although it is
preferred that the salt be one that is not detrimental to tissue or
the health of the patient in the unlikely event that a balloon
should inadvertently rupture.

In another aspect, a balloon of this invention is intended for
use in an ablation balloon catheter. For this use, a non-con-
ductive mask is applied to a surface of the conductive hydro-
philic balloon to create a pattern for ablation. Such a masked
balloon is shown in FIG. 2. Balloon 105 has distal-facing
surface 112 and proximal-facing surface 111. Proximal cath-
eter shaft 100 protrudes from the proximal end of balloon 105
while catheter tip 101 protrudes from the distal end of balloon
105. The non-cross-hatched portions 110 of the surface of
balloon 105 are non-conductive by virtue of a mask adhered
to a surface of the balloon. The mask may be adhered to the
outer or inner surface of the balloon. Cross-hatched portion
120 of the surface of balloon 105 is the conductive region.
When the distal end of balloon 105 is inserted in a vessel such
as the pulmonary vein of a patient from within the heart,
region 120 is pressed up against the heart wall at the ostium or
opening from the heart into the vein. A ground electrode is
attached to a remote location on the patients body and then an
RF signal is generated at the proximal end of the catheter
proximal to section 100 of the catheter shaft (usually at a
generator attached to the catheter in the vicinity of the handle)
and is transmitted through wire 131 to electrode 130. The
signal is conducted through region 120 of the balloon and a
circuit is completed so that RF energy is delivered to the tissue
in contact with region 120 and is thereby ablated.

In order for a masked balloon of this invention to operate
properly, the non-conductive polymer used to create the mask
must have physical characteristics compatible with those of
the hydrophilic polymer used to form the balloon. That is, at
the very least, the non-conductive polymer must have a tensile
strength and elasticity at least equivalent to that of the hydro-
philic polymer so that the non-conductive polymer does not
prematurely break when the balloon is inflated thus disrupt-
ing the desired ablation pattern. It is also necessary that the
non-conductive polymer have chemical characteristics com-
patible with those of the hydrophilic polymer, at least insofar
as is necessary to achieve sufficient adhesion of the non-
conductive mask to the surface of the hydrophilic polymer
balloon both in the dry and hydrated state. Sufficient adhesion
means that the mask will remain in place and will not separate
from the surface of the balloon either when the balloon is
deflated, folded and stored in the catheter or when the balloon
is deployed, hydrated and inflated.

A wide range of non-conductive polymers can be used to
create masks compatible with a TECOPHILIC® balloon. For
example, without limitation, when the TECOPHILIC® bal-
loon is formed by the dip-molding method, a presently pre-
ferred mask polymer is TECOFLEX® SG-85A, also manu-
factured by Thermedics Polymer Products. TECOFLEX®,
like TECOPHILIC®), is a polyether-based aliphatic polyure-
thane and therefore is very compatible with TECOPHILIC®
chemically so that masks formed from TECOFLEX® adhere
well to surfaces made of TECOPHILIC®. In addition, the
TECOFLEX has an ultimate tensile strength and elongation
that is compatible with the TECOPHILIC. Other matching
TECOFLEX® and TECOPHILIC® family members useful
for making the balloons of this invention will become appar-
ent to those skilled in the art based on the disclosure herein
and are within the scope of this invention.
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When the TECOPHILIC® balloon is made by a blow-
molding procedure, the presently preferred masking poly-
mers are those that can be coated from an aqueous medium so
as to avoid contacting the TECOPHILIC® with a solvent that
might affect its integrity. An example, without limitation, of
such a non-conductive masking polymer is NeoRez 967®
from NeoResins, Wilmington Del. Of course, aqueous
medium polymers may also be used with TECOPHILIC®
balloons made by any method, not just blow-molded balloons
so that, for example without limitation, NeoRez 967® could
be substituted for TECOFLEX® in the above-described dip-
coated balloon.

If desired, the surface of the TECOPHILIC® balloon can
be pre-treated to assist in prevention of bead formation during
film formation and to enhance adhesion and coating unifor-
mity. For example, without limitation, the surface of the
TECOPHILIC® balloon can be subjected to an Argon plasma
prior to coating.

Based on the disclosures herein, other hydrophilic poly-
mers that can be rendered conductive by hydration with elec-
trolytic solutions and that have the requisite physical charac-
teristics, other non-conductive polymers that are chemically
and physically compatible with the hydrophilic polymer and
other means of treatment of surfaces to enhance adhesion of
the non-conductive mask polymer will become apparent to,
or will be readily determinable without undue experimenta-
tion by, a skilled artisan. All such polymers and combinations
of polymers are within the scope of this invention.

In ablation therapy and in many other balloon catheter
applications such as those mentioned in the Background sec-
tion of this application, it is desirable, often necessary, to
maintain the surface of the balloon that comprises the thera-
peutic element in intimate contact with a patient’s tissue. As
used herein, a “therapeutic element” simply refers to the
features of that portion of a balloon that permits the desired
therapy to be administered. For example, without limitation,
for ablation therapy the therapeutic element is the conductive
portion of the balloon that is in contact with the tissue to be
ablated. For the administration of drugs, that portion of the
balloon that is in contact with the patient’s tissue must be
permeable to the drug. Similarly, for brachytherapy, the por-
tion of the balloon that is in contact with the tissue to be
treated must be capable of retaining the radioactive material
on its surface and then controllably depositing it at the target
site. To maintain intimate contact of the therapeutic element
of'the balloon with the target tissue, a means for self-anchor-
ing of the balloon in the correct orientation would be highly
desirable. This can be accomplished using the essentially
hourglass-shaped balloon of this invention shown in FIG. 3.

In FIG. 3, balloon 300 is shown inflated in the locus of the
ostium 310 of a vessel 320 in a patient’s body. Balloon 300
consists of a first diameter 302, a second diameter 304 and a
third diameter 306. Diameter 306 is smaller than either diam-
eter 302 or diameter 304. Diameters 302 and 304, on the other
hand, can be the same or different. In a presently preferred
embodiment of this invention diameter 304 is less than diam-
eter 302 (and diameter 306 is less than either of the other two).
The catheter shaft 330, having distal end 335 and proximal
end 337 is inserted into the vessel prior to inflation of the
balloon. As the balloon inflates, the segment having diameter
304 expands and presses against wall 322 of vessel 320,
causing it to dilate. The tissue 380 at the proximal side of the
ostium is, in most circumstances, thicker than and therefore
less elastic than the tissue of the wall 322 of the vessel. Thus,
as the portion of balloon 300 having diameter 304 is increased
by inflation of the balloon, the pressure of proximal-facing
sloped surface 340 against wall 322 pulls distal-facing sloped
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surface 350 into intimate contact with tissue 380 in the vicin-
ity of the ostium and holds it there thus relieving the operator
of'the chore of manually maintaining pressure on the balloon.
This is at times referred to herein as self- anchoring of the
balloon.

For the purpose of illustration only, the balloon is shown as
an ablation balloon. That is, the distal-facing sloped surface
350 is shown as having an energy-conductive band 380 that
contacts tissue around the ostium. The remainder of the bal-
loon is masked by a non-conductive polymer. Upon delivery
of RF energy to the energy conductive region of the balloon,
the contacted tissue is ablated. It is understood, however, that
region 390 or, in fact, any or all portions of distal-facing
sloped surface 350 that is in intimate contact with tissue may
constitute a therapeutic element. That is, a drug could be
diffused through surface 350 and infused into the tissue, and
radioactive beads could be removably adhered to surface 350
and transferred to the tissue, etc. In all these applications, the
segment of the balloon having diameter 304 maintains the
contact necessary to obtain the desired effect.

FIG. 4 shows a tissue ablation system 400, which includes
a balloon constructed in accordance with an embodiment of
the present invention. The system 400 includes an ablation
catheter 410, a generator 420 for delivering energy to the
catheter 410 to ablate tissue, an indifference electrode 430
(e.g., an electrode pad) coupled to the generator 420, and a
source 432 of fluid coupled to the catheter 410. The catheter
410 comprises a handle assembly 440, a guide tube assembly
442, and an electrode assembly 444 having an inflatable bal-
loon 710. During use, the guide tube assembly 442 delivers
electrically conductive fluid from the fluid source 432 to
inflate the balloon 710 at the electrode assembly 444.

The generator 420 is coupled to the handle assembly 440 of
the catheter 410 via a cable 446, so that radio frequency (RF)
energy can be delivered to the electrode assembly 444. In the
illustrated embodiment, the system 400 operates in a unipolar
mode. In this arrangement, during use, the indifference elec-
trode 430 is attached to a patient’s back or other exterior skin
area, and ablation energy will flow from the electrode assem-
bly 444 to the patch electrode 430. Alternatively, the system
400 can be operated in a bipolar mode, in which case, the
system 400 does not include the indifference electrode 430,
and ablation energy will flow from one electrode on the elec-
trode assembly 444 to an adjacent electrode (not shown) on
the electrode assembly 444 or on the guide tube assembly
442.

The guide tube assembly 442 includes an inner shaft 450
having a distal end 452, a proximal end 454, and a plurality of
lumens 456 extending therebetween. As shown in FIG. 5, the
shaft 450 also includes an inflation port 728 and a deflation
port 730 located along the shaft 450, and a distal opening 732
atthe distal tip of the shaft 450. In the illustrated embodiment,
the shaft 450 includes four lumens 4564-456d. Lumen 4564,
which is in fluid communication with the inflation port 728, is
used to deliver fluid from the fluid source 432 to the electrode
assembly 444 for inflation of the balloon 710. Lumen 4565,
which is in fluid communication with the deflation port 730,
is used to transport delivered fluid from the electrode assem-
bly 444 back to the fluid source 432 or to another container for
disposal of the fluid as the balloon 710 is deflated. Lumen
456¢ extends to the distal tip opening 732, and can be used to
house a guidewire (not shown) that is inserted into the open-
ing 732, through the shaft 450, and out of a port 441 located
on the handle assembly 440. Lumen 4564 is used to house
wire(s) (e.g., RF lead wires and thermistor wires) that connect
an electrically activated element at the electrode assembly
444 to the generator 420. It should be noted that the size and
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shape of the lumens 456 should not be limited to the example
illustrated in the figure, and that the lumens 456 can have sizes
and shapes that are different from that shown. In addition, the
functionalities of the lumens 456 can vary. For example, in
another embodiment, lumen 456¢ can be used to deliver
radiopaque contrast to a target site. In the illustrated embodi-
ment, the inner shaft 450 comprises a lower durometer Pebax
braided shaft. However, the inner shaft 450 can also be made
from a variety of materials, such as polymer, plastics, a ther-
moplastic material (e.g., plyurethane, polyolefin or poly-
etherpolyamide block copolymer).

As shown in FIGS. 4 and 5, the guide tube assembly 442
also includes an outer shaft 480 coaxially surrounding the
inner shaft 450 to strengthen and/or to improve a durability of
the guide tube assembly 442, and an outer sheathing 490
secured to an outer surface of the outer shaft 480 for enhanc-
ing a stiffness of the guide tube assembly 442. Materials
suitable for construction of the inner shaft 450 can also be
used for the outer shaft 480. The diameter or the cross sec-
tional dimension of the outer shaft 480 is preferably about 5.5
French (F). However, the outer shaft 480 can also have other
cross sectional dimensions. The sheathing 490 can include,
for example, a stainless steel coiled into a flexible spring, and
a sheath of extruded plastic material containing wire braids
enclosing the spring. Such construction provides additional
torsional stiffhess to the shaft 450, thereby allowing a torqu-
ing force to be transmitted from the handle assembly 440 to
the electrode assembly 444 of the catheter 410. In the illus-
trated embodiment, the outer sheathing 490 does not extend
completely to the distal end of the catheter 410. Alternatively,
the outer sheathing 490 can extend to a proximal end of the
electrode assembly 444 or to the distal end 452 of the inner
shaft 450.

The electrode assembly 444 will now be described with
reference to FIG. 5. The electrode assembly 444 includes an
electrode 700 secured to the guide tube assembly 442, and a
balloon 710. The balloon 710 has a distal end 712 and a
proximal end 714 secured to the guide tube assembly 442.
The balloon 710 also has a conductive region 716 located
between the distal and proximal ends 712, 714. In the illus-
trated embodiment, the electrode 700 is a coil having a lumen
that extends between the ends of the coil. Ablation wires (not
shown) connect the electrode 700 to the generator 420, and
are housed in one of the lumens 456 of the shaft 450. The
electrode 700 is secured to the shaft 450 by a suitable adhesive
at both ends of the electrode 700. Alternatively, the electrode
700 can be secured to the shaft 450 at other locations of the
electrode 700. Using a coil for construction of the electrode
700 is advantageous in that it allows the shaft 450 to easily
deflect or bend as the shaft 450 is delivered over a guidewire.
The coil electrode 700 also provides a large electrode surface
to improve heat dissipation and lower impedance during use.
The shaft 450 has a section 720 with a diameter or cross
sectional dimension that is less than that of an adjacent sec-
tion of the shaft 450, such that when the electrode coil 700 is
placed around the section 720, the electrode 700 will substan-
tially flush with an exterior surface of the outer shaft 480 to
form a smooth surface. Such configuration reduces the over-
all profile of the electrode assembly 444, and reduces the risk
of the electrode 700 abrading the balloon 710 during use.

In the illustrated embodiment, the electrode 700 is posi-
tioned proximal to the conductive region 716 of the balloon
710. Such configuration prevents the electrode 700 from
abrading the conductive region 716 of the balloon 710 during
use (e.g., while inserting the balloon 710 into a delivery or
access tube), and allows the electrode assembly 444 to form
more uniform lesions without excessive charring. Alterna-
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tively, the electrode 700 can be placed distal to the conductive
region 716, or at the same axial location along an axis 760 of
the inner shaft 750.

It should be noted that the configurations of the electrode
700 and the balloon 710 are not limited to those shown in the
figure. In alternative embodiments, the electrode 700 can
have a shape of aring, a tubular segment, or other shapes, and
the balloon 710 can have other shapes, such as a spherical
shape, an elliptical shape, or a dumbbell shape. In addition,
instead of extending through the balloon 710, in an alternative
embodiment, the distal end 452 of the shaft 450 does not
penetrate through the balloon 710. Instead, the balloon 710
has a closed distal end 712, and the electrode 700 is secured to
the distal end 452 of the shaft 450, which is disposed withina
lumen 734 of the balloon 710. In such case, the distal end 452
of the shaft 500 has one or more openings that are in fluid
communication with the one or more lumens 456 of the shaft
450 for delivering and draining fluid to and from the lumen
734 ofthe balloon 710. Alternatively, the distal end 452 of the
shaft 450 has a closed tip, in which case, the shaft 450 has one
or more openings 728 along its length for delivering and
draining inflation fluid to and from the balloon 710, as simi-
larly discussed previously. Furthermore, instead of securing
to the shaft 450, the electrode 700 can be secured to a distal
end of an elongate structure, such as a pusher, which is slid-
ably disposed within one of the lumens 456 of the shaft 450.
Such configuration allows a position of the electrode 700
along the axis 760 of the shaft 450 be adjusted during use.

As shown in FIG. 5, the electrode assembly 444 also
includes a sensor 790, such as a thermistor, secured to the
inner shaft 450. The outer shaft 480 has an opening 792 and
the inner shaft 450 has a recess 794 for accommodating the
sensor 790. The recess 794 has a depth such that when the
sensor 790 is attached to the inner shaft 450, the sensor 790
lies substantially flush with an exterior surface of the outer
shaft 480. It should be noted that the sensor 790 is not nec-
essarily limited to a thermistor, and that the sensor 790 can be
a variety of sensing devices, such as an impedance sensor or
a current sensor.

A method of using the system 400 will now be described
with reference to cardiac ablation therapy. When using the
system 400 for cardiac ablation therapy, a physician inserts a
guidewire through a main vein or artery (typically the femoral
vein or artery) of a patient into an interior region of a heart that
is to be treated. The physician then inserts a proximal end of
the guidewire into the distal opening 732 of the inner shaft
750, and distally advances the electrode assembly 444 over
the guidewire until the electrode assembly 444 reaches a
treatment site. In one embodiment, an access shaft or tube can
be provided and inserted over the guidewire. In such case, the
electrode assembly 444 can be placed in the access shaft and
distally advanced to reach the treatment site. Alternatively,
the electrode assembly 444 can be placed within the access
shaft first, and the electrode assembly 444 together with the
access shaft are then delivered over the guidewire, and
advanced to the treatment site. In another embodiment, the
catheter 410 can include a steering mechanism for steering a
distal end of the catheter 410. In such case, the use of the
guidewire and/or the access shaft may not be required, and the
physician can place the electrode assembly 444 into contact
with a tissue within the heart that is targeted for ablation by
operating the steering mechanism. When the electrode
assembly 444 is desirably positioned, inflation fluid, such as
an electrically conductive fluid, is then delivered from the
fluid source 432 to the electrode assembly 444. Particularly,
the fluid exits through inflation port 728 to inflate the balloon
710. Energy is then directed from the generator 420 to the
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electrode 700, and energy will flow from the electrode 700 to
the conductive region 716 via the delivered conductive fluid
to ablate the tissue and form a lesion on the tissue. When a
desired lesion has been created, the delivered fluid can be
drained from the lumen 734 of the balloon 710 to deflate the
balloon 710, and the catheter 410 can be removed from the
patient.

Based on the disclosures herein those skilled in the art will
recognize many changes that might be incorporated in the
materials used to make the balloons of this invention, the
shape of the balloons to provide self-anchoring and the fea-
tures of the small cross-section balloon catheter. Likewise,
different embodiments and applications of the inventions dis-
closed herein with also be recognized by those skilled in the
art based on the disclosures herein. All such changes, embodi-
ments and applications are within the scope of this invention.

What is claimed:

1. A medical probe, comprising:

an elongate shaft; and

an inflatable balloon distally located on the elongate shaft,

the inflatable balloon comprising a hydrophilic polymer
being electrically conductive and having a tensile
strength of at least 3000 psi when hydrated with an
electrolytic solution, wherein the balloon is configured
to inflate to specified equilibrium dimensions when sub-
jected to about one atmosphere of internal pressure; and

an electrically non-conductive polymer mask adhered to a

surface of the balloon to create a pattern of electrically
conductive and electrically non-conductive areas when
the hydrophilic polymer is hydrated with the electrolytic
solution, wherein the electrically non-conductive poly-
mer has physical and chemical characteristics compat-
ible with those of the hydrophilic polymer.

2. The medical probe of claim 1, wherein the inflatable
balloon is an ablation balloon.

3. The medical probe of claim 2, wherein the electrically
conductive areas of the balloon have a wall thickness of from
about 0.0005" to about 0.005".

4. The medical probe of claim 1, wherein the hydrophilic
polymer has an elasticity that permits the balloon to inflate to
dimensions greater than its equilibrium dimensions under
more than one atmosphere of internal pressure without fail-
ing.

5. The medical probe of claim 4, wherein the balloon can be
inflated to dimensions at least 50% greater than its equilib-
rium dimensions.

6. The medical probe of claim 1, wherein the hydrophilic
polymer, when hydrated, comprises from 10 volume percent
to about 40 volume percent water.

7. The medical probe of claim 6, wherein the hydrophilic
polymer, when hydrated, comprises about 20% volume per-
cent water.

8. The medical probe of claim 1, wherein the electrically
non-conductive polymer comprises an electrically non-con-
ductive homopolymeric or co-polymeric thermoplastic poly-
urethane.

9. The medical probe of claim 8, wherein the electrically
non-conductive polyurethane is a polyether-based aliphatic
polyurethane.

10. The medical probe of claim 1, wherein the electrically
non-conductive polymer is an aliphatic urethane.

11. A medical probe comprising:

an elongate shaft;

an inflatable balloon distally located on the elongate shaft,

the balloon having a first diameter, a second diameter,
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and a third diameter located between the first and second
diameters, wherein the third diameter is less than both
the first and second diameters, the first diameter is
coupled to the third diameter by a distal-facing sloping
surface, and the second diameter is coupled to the third
diameter by a proximal-facing sloping surface;

an electrically non-conductive polymer mask adhered to

the distal-facing surface of the balloon to create a pattern
of electrically conductive and electrically non-conduc-
tive areas when the hydrophilic polymer is hydrated with
the electrolytic solution, wherein the electrically non-
conductive polymer has physical characteristics com-
patible with those of the hydrophilic polymer; and

a therapeutic element located on the distal-facing sloping

surface.

12. The medical probe of claim 11, wherein the electrically
non-conductive polymer comprises an electrically non-con-
ductive homopolymeric or co-polymeric thermoplastic poly-
urethane.

13. The medical probe of claim 12, wherein the electrically
non-conductive polyurethane is a polyether-based aliphatic
polyurethane.

14. The medical probe of claim 11, wherein the electrically
non-conductive polymer is an aliphatic urethane.

15. The medical probe of claim 11, wherein the electrically
conductive areas of the balloon have a wall thickness of from
about 0.0005" to about 0.005".

16. The medical probe of claim 11, wherein the balloon is
an ablation balloon.

17. The medical probe of claim 8, or claim 11, wherein the
balloon is an RF ablation balloon.

18. The medical probe of any of claim 11 or claim 20,
wherein the elongate shaft is configured to be intravascularly
introduced into a patient.

19. The medical probe of claim 18, wherein the elongated
shaft is configured to be introduced within a heart of the
patient.

20. A medical probe, comprising:

an elongate shaft;

an inflatable member distally located on the elongate shaft,

the inflatable member having a proximal end, a distal
end, a lumen extending therebetween, and an electri-
cally conductive region; and

an electrode carried by the elongate member, the electrode

configured for being in direct electrical contact with
electrically conductive fluid within the inflatable mem-
ber, the electrode located within the lumen of the inflat-
able member and proximal to the electrically conductive
region of the inflatable member.

21. The medical probe of claim 20, wherein the inflatable
member comprises hydrophilic polymer being electrically
conductive and having a tensile strength of at least 3000 psi
when hydrated within an electrolytic solution.

22. The medical probe of claim 21, wherein the hydrophilic
polymer comprises a homopolymeric or co-polymeric ther-
moplastic polyurethane when hydrated with the electrolytic
solution.

23. The medical probe of claim 22, wherein the thermo-
plastic polyurethane is a polyether-based aliphatic polyure-
thane.

24. The medical probe of claim 21, further comprising an
electrically non-conductive polymer mask adhered to a sur-
face of the inflatable member to create a pattern of electrically
conductive and electrically non-conductive areas when the
hydrophilic polymer is hydrated with the electrolytic solu-
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tion, wherein the electrically non-conductive polymer has inflating the balloon, so that expansion of the second diam-
physical and chemical characteristics compatible with those eter dilates the blood vessel, thereby causing a wall of

of the hydrophilic polymer.

25. The medical probe of claim 20, wherein the inflatable
member is configured to inflate to specified equilibrium 5
dimensions when subjected to about one atmosphere of inter-
nal pressure. ) . .

26. A method of treating an ostium of a blood vessel, opera.tmg the therapeutic element to provide therapy to the
comprising: ostium.

inserting the medical probe of claim 11 through the ostium 10

into the blood vessel; ® ok ok ok

the blood vessel to apply pressure to the proximal-facing
sloped surface and to pull the distal-facing sloped sur-
face into intimate contact with tissue in the vicinity of
the ostium; and



