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COMPLIANT BALLOON CATHETER
FIELD OF THE INVENTION

The present invention relates medical systems, and in particular to methods
and systems for improving the safety of cryotreatment medical systems.
BACKGROUND OF THE INVENTION

The experimental use of fluids with low operating temperatures, or cryogens,
continues in the medical and surgical field. Of particular interest are the potential use
of catheter based devices, which employ the flow of cryogenic working fluids therein,
to selectively freeze, or “cold-treat”, targeted tissues within the body. Catheter based
devices are desirable for various medical and surgical applications in that they are
relatively non-invasive and allow for precise treatment of localized discrete tissues
that are otherwise inaccessible. Catheters may be easily inserted and navigated
through the blood vessels and arteries, allowing non-invasive access to areas of the
body with relatively little frauma.

Catheter-based ablation systems are known in the art. A cryogenic device
uses the energy transfer derived from thermodynamic changes occurring in the tlow
of a cryogen therethrough to create a net transfer of heat flow from the target tissue to
the device, typically achieved by cooling a portion of the device to very low
temperature through conductive and convective heat transfer between the cryogen and
target tissue. The quality and magnitude of heat transfer is regulated by the device
configuration and control of the cryogen flow regime within the device.

A cryogenic device uses the energy transfer derived from thermodynamic
changes occurring in the flow of a refrigerant through the device. This energy
transfer is then utilized to create a net transfer of heat flow from the target tissue to
the device, typically achieved by cooling a portion of the device to very low
temperature through conductive and convective heat transfer between the refrigerant
and target tissue. The quality and magnitude of heat transfer is regulated by device
configuration and control of the refrigerant flow regime within the device.

Structurally, cooling can be achieved through injection of high-pressure
refrigerant through an orifice. Upon injection from the orifice, the refrigerant
undergoes two primary thermodynamic changes: (i) expanding to low pressure and

temperature through positive Joule-Thomson throttling, and (ii) undergoing a phase



CA 02607175 2007-11-02

WO 2006/124176 PCT/US2006/014537

10

15

20

25

30

change from liquid to vapor, thereby absorbing heat of vaporization. The resultant
flow of low temperature refrigerant through the device acts to absorb heat from the
target tissue and thereby cool the tissue to the desired temperature.

Once refrigerant 1s injected through an orifice, it may be expanded inside of a
closed expansion chamber, which is positioned proximal to the target tissue. Devices
with an expandable membrane, such as a balloon, are employed as expansion
chambers. In such a device, refrigerant is supplied through a catheter tube into an
expandable balloon coupled to such catheter, wherein the refrigerant acts to both: (i)
expand the balloon near the target tissue for the purpose of positioning the balloon,
and (11) cool the target tissue proximal to the balloon to cold-treat adj acent tissue.

The operation of such a device for therapeutic purposes requires that the
coolant be contained within the catheter at all times, lest a leak of coolant enter the
body and thereby cause significant harm. Known catheters which employ inflatable
balloons often inflate the balloons to relatively high pressures that exceed the ambient
pressure 1n a blood vessel or body lumen. However, to contain the coolant, these
catheters generally employ thicker balloons, mechanically rigid cooling chambers,
and other similar unitary construction containment mechanisms. These techniques
however, lack robustness, in that if the unitary balloon, cooling chamber, or other
form of containment develops a crack, leak, rupture, or other critical structural
integrity failure, coolant may quickly flow out of the catheter.

It would be desirable to provide an apparatus and method of monitoring and
controlling the potential rupture or leakage of a balloon catheter that is adaptable and
compatible with various types of balloon ablation catheters.

SUMMARY OF THE INVENTION

The present invention advantageously provides a method and system for
improving the safety of a balloon catheter. The method and system allows for
providing a “fail safe” operation of the balloon catheter.

The present invention advantageously provides an enhanced safety catheter
that has a proximal end portion and a distal end portion, the proximal end portion
defining at least one fluid inlet port and at least one fluid outlet port. The catheter
also includes a first expandable membrane having a first pressurization limit and a

second expandable membrane, having a second pressurization limit, where the second
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pressurization limit is greater than the first pressurization limit and the first
expandable membrane defines a cooling chamber, where the second expandable
membrane is disposed around the first expandable membrane to define an junction
therebetween. The catheter may further include a coolant injection lumen in fluid
communication with at least one fluid inlet port and the cooling chamber, and a
primary coolant return lumen in fluid communication with the at least one fluid outlet
port and the cooling chamber. The coolant injection tube, the cooling chamber, and
the primary coolant return lumen define a first fluid pathway. The catheter further
includes a secondary coolant return lumen in fluid communication with the at least
one fluid outlet port and the junction. The junction and the secondary coolant return
lumen define a second fluid pathway.

The catheter system may further provide a control unit for controlling the flow
of cryogenic fluid to the catheter, and several sensors to monitor various temperatures,
flow rates and pressures of the catheter system The catheter provides a fail-safe
feature by selecting the appropriate first and second pressurization limits for the first
and second expandable membranes.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the present invention, and the attendant
advantages and features thereof, will be more readily understood by reference to the
following detailed description when considered in conjunction with the accompanying
drawings wherein:

FIG. 1 illustrates a balloon catheter system in accordance with a first
embodiment of one aspect of the present invention;

FIG. 2 illustrates an embodiment of a shaft of the balloon catheter system of
FIG. 1; and,

FIG. 3 illustrates Probability Graphs for the Upper Prediction Band of the
Inner Balloon Burst Pressure and the Lower Prediction Band of the Quter Balloon
Burst Pressure.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 illustrates an exemplary system 30 for performing cryogenic ablation.

The system 30 includes an elongate, highly flexible ablation catheter 34 that is

suitable for passage through the vasculature. The ablation catheter 34 includes a
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catheter body 36 having a distal end 37 with a thermally conductive element 38 at or
proximal to the distal end 37. The distal end 37 and the thermally conductive element
38 are shown magnified and are described in greater detail below. The catheter body
36 has a proximal end 40 that is mated to a handle 42 that can include an element such
as a lever 44 or knob for manipulating the catheter body 36 and the thermally
conductive element 38. In the exemplary embodiment, a pull wire 46 with a proximal
end and a distal end has its distal end anchored to the catheter at or near the distal end
37. The proximal end of the pull wire 46 is anchored to an element such as a cam 48
in communication with and responsive to the lever 44. The handle 42 can further
include circuitry 50 for identification and/or use in controlling of the ablation catheter
34 or another component of the system 30.

Continuing to refer to FIG. 1, the handle 42 can also include connectors that
are matable directly to a cryogenic fluid supply/exhaust and control unit or indirectly
by way of one or more umbilicals. Inothe system 1llustrated, the handle 42 is provided
with a first connector 54 that is matable with a co-axial fluid umbilical (not shown)
and a second connector 56 that is matable with an electrical umbilical (not shown)
that can further include an accessory box (not shown). In the exemplary system the
tluid supply and exhaust, as well as various control mechanisms for the system are
housed in a single console 52. In addition to providing an exhaust function for the
ablation catheter fluid supply, the console 52 can also recover and/or re-circulate the
cooling fluid. The handle 42 is provided with a fitting 58 for receiving a guide wire
(not shown) that is passed into a guide wire lumen 60.

Still referring to FIG. 1, the thermally conductive element 38 is shown as a
double balloon having a first membrane (e.g., inner balloon) 62 contained or enclosed
within a second membrane (e.g., outer balloon) 64, thereby defining an interface or
junction 57 between the first and second membranes. The second membrane 64
provides a sateguard to prevent fluid from leaking out of the cooling chamber 55 and
into surrounding tissue should the first membrane 62, and therefore the cooling
chamber 55, rupture or develop a leak. The junction 57 between the first and second
membranes 62, 64 may be substantially under a vacuum, such that the first and second
membranes 62, 64 are generally in contact with each other, with little or no open

space between them. A coolant supply tube 66 in fluid communication with the
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coolant supply in the console 52 is provided to release coolant from one or more
openings in the tube within the inner balloon 62 in response to console commands and
other control input. A vacuum pump in the console 52 creates a low-pressure
environment in one or more lumens within the catheter body 36 so that coolant is
5  drawn into the lumen(s), away from the inner balloon 62, and towards the proximal

end of the catheter body. The vacuum pump is also in fluid communication with the
interface or junction 57 of the inner and the outer balloons 62, 64 so that any fluid that
leaks from the inner balloon 62 is contained and aspirated. Still referring to FIG. 1,
the handle 42 includes one or more pressure sensors 68 to monitor the fluid pressure

10 within one or both of the balloons, the blood detection devices 70 and the pressure
relief valves 72. When coolant is released into the inner balloon 62, the inner and the
outer balloon 64 expand to a predetermined shape to present an ablation surface,
wherein the temperature of the ablation surface is determined by the material
properties of the specific coolant selected for use, such as nitrous oxide, along with

15  the pressure within the inner balloon 62 and the coolant flow rate.

When operating a balloon catheter 34 under positive pressure, it is useful to
design a safety feature capable of monitoring the system for leaks or the like. One
such safety feature is to shield or envelope the exterior of the pressurized inner
balloon 62 with a second outer balloon 64. The second outer balloon 64 can be

20  maintained under vacuum to capture any gas leaks that may be formed in the
pressurized inner balloon system 62.

FIG. 2 illustrates an embodiment of a shaft or catheter body 36 of the balloon
catheter system 34 of FIG. 1. The catheter body 36 includes a mounting section 59 in
communication with the proximal end of thermally conductive element 38. The inner

25  balloon 62 and outer balloon 64 are bonded to the mounting section 59. In this
embodiment, the inner balloon 62 and outer balloon 64 are bonded at different
locations, which are defined as the inner balloon bond joint 63 and the outer bond
joint 65. In addition, several optional sensors are identified including a thermocouple
wire 61, and one or more leak detection wires 67 and 69. A pull ring 47 is secured

30  near the proximal end of thermally conductive element 38 and is affixed to the distal

end of pull wire 46.
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The inner balloon 62 may be designed to insure that it 1s the weakest point of
the balloon catheter 34 and certain to fail before the outer balloon 64. In this case, the
inner balloon’s role in the catheter 34 is comparable to that of a pressure relief valve
or a rupture disc. In general, rupture discs typically are selected based on its so-called
“operating ratio” that is defined as the ratio of operating pressure to stamped burst
pressure (e.g., the average of the destructive burst tests at the time of manufacture).
Moreover, the operating ratio may be used to determine the “pressurization limit” of
each balloon. The pressurization limit of a balloon is a function of two elements, the
balloon burst pressure or tensile strength and the sealing strength of a balloon bond
joint 63, 65 to the catheter body. The inner balloon 62 may be designed with its
operating ratio and it pressurization limit based on an acceptable level of risk or
probability that the normal or faulty operating pressure of the catheter 34 does not
exceed the burst pressure of the inner balloon 62. For example, the inner balloon
pressure will vary during different operating conditions, such as during inflation,
transition, ablation, thawing, deflection, and the like. In addition, several fault
conditions could exist, such as minimum and maximum catheter torquing, blocked
vacuum, shaft kinking and the like. One method is to select an inner balloon 62 with
a operating ratio such that the lower 99.9% prediction bound of the inner balloon
burst pressure does not overlap the upper 99.9% prediction bound of the normal or
faulty conditions. The resulting catheter 34 would have a less than one in one million
probability of causing an inner balloon burst when the catheter 34 was operating in a
normal or fault mode. For example, if the inner balloon pressure range for normal or
faulty conditions is found to be between 15 and 30 psia, then an inner balloon burst
pressure of 45 psia may provide a 99.9% prediction bound of the inner balloon burst
pressure that does not overlap the upper 99.9% prediction bound of the normal or
faulty conditions.

Although increasing the thickness of the material, changing the material
formulation, or altering the geometry may increase the burst resistance of the inner
balloon 62, there are other limiting factors to consider in the designing of balloon
catheters 34 used in intracardiac ablations or cryoablations, such as balloon rewrap
profile for withdrawal into a sheath, the effective conduction of warm or cold through

the balloon layers, and the like. Such factors should be considered in the balloon
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design, in order to estimate a minimum burst pressure as a balloon design is
optimized.

As mentioned above, the inner balloon 62 may function as a pressure relief
valve or a rupture disc. Instead of setting the inner balloon burst pressure, the sealing
strength of the inner balloon bond joint 63 may be used to act as a pressure relief
valve. The sealing strength of inner balloon bond joint 63 may be selected such that it
would fail before the burst force rating or pressurization limit of the inner balloon is
exceeded. For an outer vacuum system with a rapid response to capture leaks, this
would avoid the outer balloon 64 being subject to sudden pressurization due to an
inner balloon burst.

An inherent “fail safe” double balloon design strategy i1s one where even in the
case of a catastrophic inner balloon 62 burst, the integrity of the outer balloon 64
would remain intact and the captured gas and/or pressurization and/or. loss of vacuum
would be used to signal the system 30 to immediately terminate the current
application or procedure.

One method is to select a non-compliant outer balloon 64 that is based on an
acceptable level of risk or probability that the upper bound of inner balloon burst
pressure will not overlap the lower bound of outer balloon burst based on statistical
sampling of destructive burst testing. For non-compliant outer balloons 64, the
resistance of the outer balloon 64 to an inner burst is based primarily on the burst
rating of the balloon itself. For example, FIG. 3 illustrates a probability distribution
curve wherein the inner balloon burst pressure has a mean average of 32.6 psig, a
standard deviation of 1.15 with a sample size N = 46, which results in a 99.9% upper
prediction band pressure of 36.1 psig. FIG. 3 also illustrates a probability distribution
curve wherein the outer balloon burst pressure has a mean average of 52.6 psig, a
standard deviation of 2.14 with a N = 35, which results in a 99.9% lower prediction
band pressure of 46.0 psig. The resulting catheter 34 would have a less than one in
10° probability that an inner balloon burst would cause an outer balloon burst.

For a compliant outer balloon 64, the resistance of the outer balloon 64 to an
inner burst is a complex phenomenon that depends on both the burst rating and the
ability of the balloon material to contain the rapid rate of pressure increase by a

change in volume or expansion due to compliance. In this case, it is not necessary for
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the outer balloon 64 to have a burst rating higher than the inner balloon 62. The outer
balloon 64 merely needs to effectively expand to absorb the pressure and contain the
gas released by an inner balloon burst.

It will be appreciated by persons skilled in the art that the present invention is
not limited to what has been particularly shown and described herein above. In
addition, unless mention was made above to the contrary, it should be noted that all of
the accompanying drawings are not to scale. A variety of modifications and
variations are possible in light of the above teachings without departing from the

scope and spirit of the invention, which is limited only by the following claims.
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Amended claims
received by the International Bureau on 29 September 2006 (29.09.2006)
+Statement

What is Claimed is:

1. A catheter comprising:

a proximal end portion and a distal end portion (37), the proximal end portion
defining at least one fluid inlet port and at least one fluid outlet port;

5 a first expandable membrane (62) having a first pressurization limit and a
second expandable membrane (64) having a second pressurization limit, wherein the
second pressurization limit is less than the first pressurization limit;

the first expandable membrane (62) defining a cooling chamber (55), the
second expandable membrane (64) disposed around the first expandable membrane

10 (62) defining a junction (57) between the first and second expandable membranes;

a coolant injection lumen (66) in fluid communication with the at least one
fluid inlet port and the cooling chamber (55);

a primary coolant return lumen in fluid communication with the at least one
fluid outlet port and the cooling chamber (55), the coolant injection lumen (66), the

15  cooling chamber (55), and the primary coolant return lumen defining a first fluid
pathway; and, :

a secondary coolant return lumen in fluid communication with the at least one
tluid outlet port and the junction, the junction (57) and the secondary coolant return
lumen defining a second fluid pathway.

20 2. The catheter of claim 1, wherein the first pressurization limit is
determined by the tensile strength of the first expandable membrane.

3. (Cancelled)

4. The catheter of claim 19, wherein the first pressurization limit is
determined by the tensile strength of the inner bond joint.

25 5. The catheter of claim 4, wherein the first pressurization limit is less
than the tensile strength of the first expandable membrane.

6. (Cancelled)

7. (Cancelled)

AMENDED SHEET (ARTICLE 19)
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8. (Cancelled)

9. The catheter of claim 1, further comprising a supply of cryogenic fluid
in fluid communication with the coolant injection lumen.

10.  The catheter of claim 9, wherein the first pressurization limit is
determined by the tensile strength of the first expandable membrane.

11.  (Cancelled)

12.  (Cancelled)

13.  (Cancelled)

14.  The catheter of claim 1, further comprising a vacuum source in fluid
communication with the secondary coolant return lumen.

15.  The catheter of claim 14, wherein the first pressurization limit is
determined by the tensile strength of the first expandable membrane. |

16.  (Cancelled)

17.  (Cancelled)

18.  (Cancelled)

19.  The catheter of claim 1, wherein the first expandable membrane is
coupled to the catheter at an inner bond joint.

20.  The catheter of claim 1, wherein the first expandable membrane is a
non-compliant balloon.

21.  The catheter of claim 20, wherein the second expandable membrane is

a compliant balloon.

AMENDED SHEET (ARTICLE 19)
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Inner Balloon QOuter Balloon

Burst Pressure Burst Pressure

Avg = 32.6 psig Avg = 52.6 psig

STDEV =1.15 STDEV =2.14
N =46 N =35

psig
32.6 psig 52.6 psig
99.9% 99.9%
Upper Prediction Lower Prediction
Band Band
36.1 psig 46.0 psig

Ensures that the 99.9% Uppr Prediction Band of the Inner Burst does
not overlap the 99.9% Lower Prediction Band of the Outer Burst.
Probability of less than 1 in 10° that an inner balloon burst

will cause an outer ballon burst.

Fio. 3
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