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CRYOGENIC MAPPING AND LATION THETER

CROSS-REFERENCE TO RELATED APPLICATIONS

This instant invention is a continuation-in-part of co-
pending and commonly-assigned U.S. Patent Application Serial
No. 07/898,142, filed June 15, 1992 (our File MSPI-003XX),
which is a continuation-in-part U.S. Patent Application
Serial No. 07/870,495, filed April 16, 1992 (our File No.
MSPI-002XX) .

FIELD OF THE INVENTION
The invention relates to the field of catheters, and

more particularly to a catheter used in cardiac procedures.

ACKGROUND OF E_INVENTION

Cardiac arrhythmias are caused by localized
electrophysiologic phenomena. These are of generally two
types: additional foci or reentrant circuits. Reentrant
circuits can be highly 1localized, as in ventricular
tachycardia postinfarction or AV node reentry, or can be of
a grosser morphology, as in accessory pathway pathologies.
Since they are localized phenomena, they can be treated
surgically. The task is to remove or destroy the offending
region, thereby eliminating the source of the arrhythmia.

Current surgical therapies include: cardiotomy; open
chest cryoablation; closed-chest catheter radio frequency
(rf) ablation; and closed-chest direct current ablation.
Radio frequency catheter ablation is becoming the therapy of
choice. The greatest drawback of rf ablation is that, prior
to ablation, the site of the intended cardiac lesion must be
determined by conventional electrocardiographic mapping.
Unfortunately, conventional mapping does not provide
definitive isolation of the problem area. In a dgreat
majority of cases, more than one lesion must be made in order
to effect a cure. Multiple lesions are required because the
effectiveness of each of the proposed lesion sites cannot be
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predetermined due to the 1limitations of conventional
electrocardiographic mapping. Often five lesions, and
sometimes as many as twenty lesions may be required before
a successful result is obtained. Usually only one of the
lesions is actually effective; the other lesions result in
unnecessarily destroyed cardiac tissue.

Treatment of cardiac arrhythmias through selective
ablation of cardiac tissue may be improved if, prior to
ablation, the local electrical activity of the region can be
suppressed to determine the effectiveness of the proposed
lesion site in stopping the arrhythmia. Localized electrical
activity may be suppressed by chilling small regions of
myocardial tissue and then performing electrocardiographic
mapping to evaluate the arrhythmia. This technique of
cooling and mapping is called "zero-degree" or "ice" mapping.
If the proposed lesion site would be effective, as determined
by the ice mapping, to eliminate the arrhythmia, the site is
ablated. Despite the advantages of cryoablation, it has not
been the technique of choice for want of a single, easily
operated device which effectively combines the functions of
cryogenic cooling of cardiac tissue and tissue ablation.

SUMMARY OF THE INVENTION
The invention provides an ablation catheter which

combines zero-degree or ice mapping and tissue ablation
means in a single device. The invention includes a first and
a second conduit for circulating a cooling fluid to the
distal end of a catheter which includes an ablation device.
The ablation device may be one pole of a multipole mapping
electrode which conducts radio frequency energy, or direct
current energy for tissue ablation. Alternatively, the
ablation electrode may be replaced with an optical fiber in
communication with a laser. The light energy is dispersed
by a light diffuser toward a lesion site to ablate the
tissue. The catheter may have an optional steering device
to curve the distal end of the catheter, and the ablation
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device may be held in contact with the myocardial tissue with
the aid of a pointed ridge.

Another feature of the invention is a method for ice
mapping and ablation using the above-described catheter. The
catheter is inserted through an artery or vein into the heart
or into a cardiac vessel and placed against the site of a
proposed lesion. Cooling fluid is circulated to the tip of
the catheter through the conduits, thereby cooling a
localized region of cardiac tissue. The electrical activity
of the heart is then measured to evaluate the effectiveness
of the proposed site. If the test results indicate that a
lesion would eliminate a cardiac arrhythmia, the region is
ablated with either radio frequency, direct current or laser
light energy.

Yet another embodiment of the invention is a cryogenic
device useful for cardiac cryosurgery, mapping, any
endoscopic cryosurgery or as a cryoprobe in open surgical
procedures. The invention provides a first conduit within
a second conduit for circulating a pressurized refrigerant
at a cooling tip. Flow control of the fluid is achieved
through either a passive ball and spring device or an active,
electric control valve.

In still another embodiment of the invention, a
cryogenic catheter has concentrically disposed conduits,
wherein an inner lumen has a reduced inner diameter near a
distal end leading to a boiling chamber. A passive flow
restriction device controls flow of boiled off gas from the
boiling chamber into an outer gas return conduit. The gas
return line can be held at a reduced pressure to prevent
escape of gas from the catheter.

BRIEF DESCRIPTION OF THE DRAWINGS

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

Fig. 1 is a schematic of an embodiment of the catheter
of the invention for ice mapping and ablation, having mapping
electrodes and a first rf -ablation electrode at the distal
end of the catheter;

Fig. 2 is a cross-sectional view of a human body,
showing a catheter of the invention within the heart and a
second rf electrode beneath the body;

Fig. 3 is a side view of an embodiment of the catheter
for ice mapping having an electrode for direct current
ablation;

Fig. 4 is a schematic of an embodiment of the catheter
for ice mapping and ablation having a tip which is cooled by
gas expansion;

Fig. 5 is a schematic of an embodiment of the invention
having a movable cable to permit steering of the catheter;

Fig. 6 is a schematic of an embodiment of the invention
having a piezo-electric steering element within the catheter
near the distal end;

Fig. 7 illustrates an embodiment of a stabilization
device having a point imbedded in cardiac tissue to
temporarily anchor the ice mapping and ablation catheter at
a desired location;

Fig. 8 illustrates another embodiment of a stabilization
device having a concave electrode or ablation tip with a
ridge on its perimeter;

Fig. 9 illustrates another embodiment of a stabilization
device which incorporates a series of longitudinal ridges on
the tip of the catheter;

Fig. 10 is a cross-sectional view of the tip illustrated
in Fig. 9, which more clearly illustrates the location and
shape of the ridges;

Fig. 11 is a schematic of an embodiment of the catheter
of the invention with an optical fiber and light diffuser for
laser ablation;
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Fig. 12 is a schematic of an embodiment of the catheter
of the invention having a heat ablation tip heated by laser
energy;

Fig. 13 is a schematic of an embodiment of a cryogenic
catheter for cardiac cryosurgery having a ball and spring
fluid pressure control device;

Fig. 14 is a schematic of an embodiment of a cryogenic
catheter for endoscopic cryosurgery having an electrically
controlled flow control device;

Fig. 15 is a simplified diagram of a cryogenic catheter
system; and

Fig. 16 is a 1longitudinal sectional view of an
alternative embodiment of a cryogenic catheter adapted for
use with the system of Fig. 15.

E LED SCRIPTION OF THE INVENTION

Fig. 1 is a schematic of an embodiment of the ice
mapping and ablation catheter 10. The catheter 10 has a tip
12 at its distal end which is alternately used for ice-
mapping and radio frequency ablation. The proximal end of
the catheter 10 is accessible to a surgeon and is connectable
to a refrigerant source (not shown). = The ice mapping and
ablation catheter 10 combines two conduits 14 and 16 within
the catheter body 18 to carry a refrigerant to and away from,
respectively, the tip 12. The exemplary embodiment of the
ice mapping and ablation catheter 10, depicted in Fig. 1, has
the following wall dimensions for conduits 14 and 16: outer
conduit 16, 0.117" Outer Diameter (0.D.) by 0.088" Inner
Diameter (I.D.); and inner conduit 14, 0.068" 0.D. by 0.060"
I.D.

In the embodiment shown, the tip 12 includes a first
electrode 20, circumferentially disposed on the catheter body
18, and a second electrode 22, both connected to an
electrical signal amplifier with wires 23. The first and
second electrodes 20 and 22 are used together to perform
electrocardiographic mapping. The electrodes 20, 22 are made
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of an electrically conductive material such as copper, silver
or aluminum, which is plated with gold, platinum or titanium.
The second electrode 22 also acts as a thermal conductor
between the catheter tip 12 and cardiac tissue when a
refrigerant is passed through the inner conduit 14 to the tip
12. For radio frequency (rf) ablation, a wire 23 supplies
(rf) current to the second electrode 22 which acts as an
ablation device.

In other embodiments, additional electrodes ﬁay be added
to the tip 12 to make a multipole mapping electrode. In
another embodiment, a conductive refrigerant may be used to
provide the electrical connection to the first electrode 20,
thereby obviating the need for wires 23. 1In yet another
embodiment, the refrigerant is an electrically insulating
fluid like trimethylsiloxy terminated polydimethylsiloxane,
and the wires 23, free of insulation, may be located within
the conduits 14 and 16; one wire 23 in the inner conduit 14,
and one wire 23 in the outer conduit 16. The combination of
the insulating fluid and the insulating effect of the walls
of the lumens 14 and 16 electrically isolate the wires 23
from each other.

In all of the embodiments, the ablation surface or
device on the tip 12 is not necessarily the second electrode
22. The ablation device may be a separate surface which is
distinguishable from the second electrode 22. In some
embodiments, it may be desirable to entirely omit the first
and second mapping electrodes 20 and 22 from the catheter 10,
and to perform electrocardiographic mapping by other means,
such as non-invasive cardiac monitoring.

When the catheter 10 is used for ablation, the second
electrode 22 and a third electrode 24, shown in Fig. 2, are
employed. Fig. 2 is a representative cross-section of a
human chest cavity 26 depicting approximate locations of a
heart 28, lungs 30 and spinal column 32. The patient is
shown resting on a conductive plate or third electrode 24.
The ice-mapping and ablation catheter 10, which is smooth
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enough to pass easily through blood vessels and heart valves,
is shown inside the heart 28. Creation of an electrical
potential difference between the second electrode 22 and the
third electrode 24 permits controlled ablation of cardiac
tissue. The third electrode 24 may also be used for
electrocardiographic mapping. In another embodiment of the
catheter 10, shown in Fig. 3, a reconfigured tip 12 houses
an elongated second electrode 22 useful for direct current
ablation.

The catheter 10 of Fig. 1 is better understood with
reference to its use in an operative procedure. Following
the determination of a proposed 1lesion site by
electrocardiographic mapping, using the first and second
electrodes 20 and 22 with a method known in the art, the ice
mapping and ablation catheter 10 is directed to the proposed
region where lesions will be made. Following positioning of
the tip 12 on the cardiac tissue, the refrigerant flow is
turned on to allow a cooling fluid, such as ethyl alcohol,
freon, or polydimethlsiloxane to flow from the reservoir
within the inner conduit 14 to the tip 12, and then to return
to the reservoir via the outer conduit 16. While the flow
direction may be reversed, causing refrigerant to be
introduced via the outer conduit 16 and withdrawn from the
inner conduit 14, the resultant cooling of the exterior of
the catheter body 18 would unnecessarily cool blood vessels
and require that the refrigerant be colder when introduced
into the catheter 10, to allow for warming of the coolant
before it reaches the tip 12. 1In another embodiment of the
catheter 10, the catheter body 18 may enclose a "bundle" of
conduits as an alternative to the "tube-within-a-tube"
configuration depicted in Fig. 1. In all of the
configurations, circulation of refrigerant at the tip 12
permits controllable cooling of the tip 12 to cool the
proposed lesion site.

An alternative means of cooling the tip 12 is through
gas expansion cooling by the Joule-Thomson effect, as is
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known in the art in cryoablation. A tip 12 configured for
expansion cooling is shown in Fig. 4. The tip 12 has
numerous small channels 34 which allow passage of a
pressurized gas, such as nitrous oxide or carbon dioxide,
from the outer conduit 16 into a gas expansion chamber 36.
As the gas expands rapidly, it chills the thermally
conductive electrode 22. The cold gas is then withdrawn from
the tip 12 through the inner conduit 14. In lieu of
pressurized gas, a liquid such as chlorodifluoromethane may
be used for cooling. Liquids such as chlorodifluoromethane
boil at a low temperature and cool by removing heat of
vaporization through boiling.

The exterior wall of the outer conduit 16 is the same
surface as the exterior of the catheter body 18 and may
include an internal metal braid to make the ice mapping and
ablation catheter 10 torqueable for intracardiac
manipulation. To further facilitate intracardiac
manipulation, a cord, wire or cable 26 may be incorporated
with, or inserted into, another conduit so as to make the ice
mapping and ablation catheter 10 steerable. In the
embodiment of Fig. 5, the cable 26 is attached to the inner
conduit 14 at an attachment point 27 near the distal end of
the inner conduit 14. When the surgeon tightens or pulls on
the cable 26 the distal end of the inner conduit 14 moves
within the outer conduit 16. As the distal end of the inner
conduit 14 curves, it presses against the distal end of the
outer conduit 16 and thereby causes the distal end of the
catheter 10 to bend in proportion to the force applied to the
cable 26. Conversely when the cable 26 is released, the
curvature of the distal end of the catheter 10 is decreased.

It is further contemplated that a piezo-electric
plastic, such as polyvinylidenefluoride (trade name Kynar®),
be added to the inner or outer surface of the distal end of
either the inner conduit 14 or the outer conduit 16 to make
the ice mapping and ablation catheter 10 similarly steerable.
Referring to Fig. 6, a catheter 10 is shown with an
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approximately three centimeter Kynar® segment 38 incorporated
into a portion of the wall of the outer conduit 16 near the
distal end of the catheter 10. The segment 38 has positive
and negative electrical leads connected to an electrical
power supply with wires 39. Application of an electric
current of one polarity causes the segment 38 contract, which
then causes the distal end of the outer conduit 16 to curve.
Reversing the electrical polarity causes the segment 38 to
expand, thereby causing the distal end of the outer conduit
16 to curve in the opposite direction. The movement of the
outer conduit 16 causes a corresponding movement of the inner
conduit 14 and permits controlled placement of the tip 12
against cardiac tissue.

It is further contemplated that a second segment 38 be
incorporated into a wall portion of the outer conduit 16
opposite the first segment 38. Control of the distal end of
the catheter 10 is achieved as with the single segment 38,
except that voltages of opposite polarity are applied to the
segments 38 simultaneously, thereby causing one segment 38
to contract and the other segment 38 to expand.

An ice mapping and ablation catheter 10, having the
exemplary above-referenced wall dimensions and a length of
100 centimeters, requires refrigerant pressurization of
approximately 200 pounds per square inch to produce a
refrigerant flow of approximately 350 cc/min through the
catheter 10. With a refrigerant inlet temperature of -60
degrees Celsius, a 350 cc/min flow, and a polyurethane wall
material, the temperature of the tip 12 is approximately -10
degrees Celsius when the catheter body 18 is positioned
inside a human body having a nominal temperature of
37 degrees Celsius. This temperature is sufficiently cold
to do ice mapping.

The first step in the ice mapping procedure is placing
the cooled tip 12 at the proposed lesion site. Because the
operative procedure has several steps, the tip 12 must be
stabilized at the proposed lesion site for the time necessary
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to ice map, to evaluate, and to ablate. A variety of
configurations of the tip 12 may be employed to help secure
or stabilize the catheter 10 in place against the myocardium.
Fig. 7 depicts a pointed tip 12 or second electrode 22; Fig.
8 illustrates a concave tip 12 or second electrode 22 having
lip or ridge 41; and Fig. 9 depicts a bulbous tip 12 having
a series of ridges 41 on the side of the tip 12. Fig. 10 is
a cross-sectional view of the tip 12 of Fig. 9, which more
clearly illustrates the configuration of the stabilizing
ridges 41.

When the cardiac tissue reaches approximately +5 degrees
Celsius, its electrical activity is suppressed. If the
proposed lesion site will be therapeutically effective when
ablated, the arrhythmia will no longer be inducible once the
electrical activity of the proposed site is suppressed by
cooling. Having confirmed the effectiveness of the proposed
site, rf ablation is performed using the second electrode 22
and the third electrode 24 in manner known to those skilled
in the art. .

Fig. 11 illustrates another embodiment of the catheter
for ice mapping and ablation 10 which incorporates provisions
for laser ablation. In this embodiment an optical fiber 40
is passed through the inner conduit 14 to a light diffuser
42 at the distal end of the catheter 10 in the center of the
second electrode 22. The optical fiber 40 transmits light
energy from a laser positioned at the proximal end of the
optical fiber 40 at the proximal end of the catheter body 18.
Because the laser light is highly collimated, the 1light
diffuser 42 is used to enlarge the area ablated by the laser
energy. Alternatively, the laser light may be used to heat
the second electrode 22, as shown in Fig. 12, or a separate
thermally conductive element, to a temperature of
approximately +80 degrees Celsius for the procedure known as
heat ablation. The ice-mapping and laser light or heat
ablation procedure is similar to that for radio frequency or
direct current ablation, the sole difference being the method
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of heat generation. As with rf ablation, the second
electrode 22 may incorporate stabilization features as
depicted in Figs. 7-10.

The embodiment of Fig. 11 is shown configured with
optional first and second electrodes 20 and 22 for
electrocardiographic mapping, while the embodiment of Fig.
12 is not, to show the possible variety of configurations for
the catheter 10. However, it is also contemplated that the
catheter 10 of Fig. 12 be configured with mapping electrodes
20 and 22, and that the catheter 10 of Fig. 11 omit them.

Figures 13 and 14 depict two cryogenic catheter
embodiments which use cooling for both mapping and ablation.
Fig. 13 depicts a cryogenic catheter 100 which uses ball and
spring valves 102 to control the pressure of a circulating
cooling fluid. The cryogenic catheter 100 is constructed.in
a manner similar to the catheter for ice mapping and ablation
10 of Fig. 1, and has a first or inner conduit 104 positioned
within a second or outer conduit 106. In the exemplary
embodiment, a liquid under pressure, such as a chlorinated
fluorocarbon at 150 pounds per square inch (psi), is pumped
into the outer conduit, thence through ball and spring valves
102 to a boiling chamber 108 proximate a metal cooling tip
110, whereby boiling of the cryogenic fluid cools the tip
110. A micropore filter 112 fills the distal end of the
inner conduit 104 to prevent any traces of liquid coolant
from entering the inner conduit 104 that serves as the gas
return line. By this means boiling is confined to the
boiling chamber and the cryogenic liquid does not interfere
with the return gas pumping.

The ball and spring valves 102 are arranged about the
periphery of the inner conduit 104, and each valve 102
incorporates a helical metal spring or silicone rubber pad
serving as a spring 114, pre-loaded to equal or exceed the
pressure of the fluid in the outer conduit 106 (e.g., a fluid
pressure of 150 psi, and a spring load of 180 psi). The
valve 102 may comprise any combination of materials which
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produce in a liquid tight seal. In a present embodiment, the
ball 116 is stainless steel and the seat 118 is
polytetrafluorethylene.

In order to cool the tip 110, the fluid pressure in the
outer conduit 106 is increased until the ball 116 is
displaced from its seat 118, thereby allowing pressurized
liquid to enter the boiling chamber 108. The lower pressure
in the boiling chamber 108 permits the fluid to vaporize
(boil), which causes its temperature to drop and thereby cool
the tip 110. Lowering the fluid pressure in the outer

‘conduit 106 to a level below the spring load stops fluid flow

into the boiling chamber 108. Because different liquids have
different boiling points and vapor pressures, the specific
choice of liquid determines the temperature to which the tip
110 is cooled and the required pre-load of the spring value.

The cooling tip 110 that is placed in contact with body
tissue to be cooled, may be fabricated from any metal such
as surgical stainless steel to ensure bio-compatibility.
However, copper which provides superior thermal conductivity,
or aluminum may be used, and may be coated with gold, silver,
or titanium to preclude an adverse bio-chemical reaction by
the body.

Referring to Fig. 14, an alternative embodiment of the
cryogenic catheter 100 is shown, wherein actively controlled
electrically powered valves 120 replace the passive ball and
spring valves 102 of Fig. 13 for fluid control. One such
valve type is an electric solenoid valve, another is a needle
valve. When electrically controlled and powered valves 120
are used, the fluid pressure is held constant within the
outer conduit 106. Opening and closing of the valves 120 may
be in response to a signal from a remote control unit with
allows either manual or automatic temperature regulation or
with temperature sensors 122 mounted within the cryogenic
catheter 100. The temperature sensors 122 may include at
least one thermocouple or thermistor, or other devices well
known in the art.
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Due to the need for maintaining a uniform temperature
at the tip 110, as well as keeping it as cold as possible
within the constraints of a given cooling and also to prevent
the liquid from entirely filling the boiling chamber and
preventing boiling, temperature sensors 122 are especially
useful for monitoring tip temperature and for balancing the
heat load with the liquid boil off. A temperature sensor 122
is located at the tip 110, in the inner conduit 104, and on
the supply side of the filter 112.

Another means of controlling the tip temperature may be
achieved by controlling the pressure in the boiling chamber
through active pumping or exhausting of the gas, or with in-
line flow restriction. By actively pumping out or evacuating
the gas from the return gas conduit, the pressure in the
boiling chamber 108 is lowered. Because boiling points of
liquids decrease with lowered pressure, by this means, the
cryogenic liquid in the boiling chamber 108 boils at a lower
temperature, thereby lowering the tip temperature further.
Conversely, use of a controllable flow restriction device 124
in the exhaust conduit, depicted in Fig. 14, may raise the
pressure in the boiling chamber, thereby elevating its
boiling temperature and raising the tip temperature

As previously discussed with respect to the catheter 10
of Fig. 1, the inner and outer conduits 104 and 106,
respectively, may be functionally reversed for ease of
manufacture or to warm the return gas conduit so as to keep
the catheter flexible. The conduits may also be incorporated
in the catheter in a non-concentric or side-by-side geometry.

The cryogenic catheter 100 may be rigid or as flexible
as the catheter for ice mapping and ablation 10 depending on
the desired application. When the catheter 100 is flexible,
it may incorporate the steering features disclosed with
respect to Figs. 5 and 6. The catheter 100 may also
incorporate the position stabilization devices discussed with
respect to Figs. 7, 8, 9 and 10. Furthermore, the cryogenic
catheter of Figs. 13 and 14 may incorporate the ice mapping
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and ablation means discussed with respect to Figs. 1, 3, 4,
11 and 12.

Fig. 15 is a simplified illustration of yet another
embodiment of a highly flexible cryogenic catheter 130 having
a sealed end 132 insertable through one or more blood vessels
into a heart, and an apertured end 134 securable to fluid
control unit 136. The fluid control unit 136 can include one
or more pumps for supplying a fluid having a low boiling
point, such as Freon, to the cryogenic catheter 130 at a
predetermined pressure, volume, and flow rate, as well as one
or more pumps for applying suction or a vacuum to cause or
assist evacuation of the fluid from the cryogenic catheter.
Additionally, the control unit 136 can regulate the flow of
a gas from a pressurized gas reservoir 138 into the cryogenic
catheter 130.

Fig. 16 is a 1longitudinal sectional view of the
cryogenic catheter 130 of Fig. 15 that illustrates details
of the cryogenic catheter proximate the sealed end 132. A
first or inner conduit 140 is positioned within a second or
outer lumen 142. The inner conduit 140 is preferably made
of steel or other strong metal which can be welded, and has
a portion 140’ proximate the sealed end 132 with inner and
outer diameters smaller than those of the remainder of the
inner conduit. In one embodiment, the two sections of the
inner conduit are welded together. A boiling chamber 144,
to which both the inner conduit 140 and the outer conduit 142
are secured, terminates the sealed end of the cryogenic
catheter 130.

In the exemplary embodiment of the cryogenic
catheter 130, the boiling chamber 144 is provided with a
neck 146 having annular ridges 148, about which a portion of
the elastomeric wall of the cryogenic catheter is compressed
to maintain the boiling chamber 144 in a sealed relationship
with the outer conduit 142. Although selection of a neck 146
having an outer diameter greater than the inner diameter of
the outer conduit 140 provides a seal around the neck, the
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compressive seal 1is inadequate to retain the boiling
chamber 144 in place under normal operating gas pressures.
Accordingly, a supplemental sealing or clamping element 150
is provided to tightly squeeze the outer conduit 142 against
the neck 146. 1In the exemplary embodiment of the cryogenic
catheter 130, the clamping element 150 includes a conductive
wire wrapped one or more times around the outer conduit 142.
Alternatively, such clamping element could be a solid, flat,
metal ring.

In addition to holding the boiling chamber 144 in place,
the wire of the clamping element 150 can act as one ECG
electrode. A second ECG electrode includes the boiling
chamber 144, at least a portion of which is electrically
conductive. Both the clamping element 150 and the boiling
chamber 144 are electrically connected by individual
wires 152 and 154, respectively, that transmit electrical
activity signals from the electrodes to an appropriate
monitoring device.

In the exemplary embodiment of the cryogenic
catheter 130, steering wires 156 are shown which are secured
to the neck of the boiling chamber 144 at solder joints 158.
Alternatively, the steering wires 156 can be wrapped around
the neck 146 between adjacent annular ridges 148. Ease and
accuracy of steering the sealed end 132 of the cryogenic
catheter 130 with the steering wires 156 is greatly enhanced
by the structure of the inner conduit 140, because the
portion 140’ of the inner conduit 140 is thinner and more
flexible than the remainder of the inner conduit 140.

The boiling chamber 144 is operative to contain a
cryogenic liquid while it boils so that cooling is effected
only at the tip of the cryogenic catheter 130. This is
important because chilling the outer conduit 142 can cause
it to freeze to the vasculature. The boiling chamber 144
includes a first opening through which the inner conduit 140
that supplies the liquid is placed in a fluid tight manner.
One or more (preferably three or four) gas exit holes 160
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provide a passage between the boiling chamber 144 and the
passage defined by the exterior of the inner conduit 140 and
the interior of the outer conduit 142 through which the gas
produced while it is boiling off and cooling the walls,
especially the tip, of the boiling chamber. The gas exit
holes 160 are a passive flow restriction device, the amount
of the flow restriction determined in part by the size and
number of holes.

In an exemplary embodiment, the cryogenic catheter is
approximately one meter in length. The inner conduit 140 has
a wall thickness of 0.10 millimeters that defines a passage
having a 0.18 millimeter diameter which narrows to 0.13
millimeters in the reduced diameter portion 140’ of
approximately 25 centimeters in length, which has a 0.06
millimeter wall thickness. The outer conduit 142 has a wall
thickness of 0.38 millimeters and defines a passage 1.27
millimeters in diameter. The boiling chamber 144 is 6.35
millimeters long, 2.67 millimeters wide, and has a wall
thickness of 0.20 millimeters. The gas exit holes 160 are
0.25 millimeters in diameter.

Testing has shown that the particular dimensions of the
components of the illustrated cryogenic catheter 130 are
critical with respect to proper functioning of this
embodiment of the cryogenic catheter. For example, the
above-recited dimensions are adapted for cooling phase change
(boiling off) of a liquid which requires a much lower flow
rate than a device that employs Joule Thomson (gas expansion)
cooling. Concomitantly, a device that employs Joule Thomson
cooling cannot be adapted to the dimensions recited herein.

A benefit provided by the particular passage diameter
(0.13 to 0.18 mm) defined by the inner conduit 140, 140’ is
that a passage of less than approximately 0.10 mm is readily
clogged because any water dissolved in the refrigerant
freezes, thus plugging the passage. However, if a passage
greater than 0.20 mm is provided, the refrigerant flow cannot
be reduced when less cooling is desired, because an exemplary
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refrigerant such as Freon has a vapor pressure of
approximately 125 PSI at room temperature and 140 PSI at body
temperature, precluding delivery of liquid Freon pressures
lower than the vapor pressure. For an exemplary refrigerant
such nitrous oxide, having a vapor pressure in excess of
800 PSI, the problem is worse. For a passage having a
diameter larger than 0.20 mm, so much fluid would be
delivered to the tip that it would be flooded and liquid
would exit the gas exit holes 160 and flow into the gas
return conduit. It should be understood that such an upper
limit with respect to passage diameter does not apply to a
Joule Thomson device, because gas expansion can be done at
any pressure.

An operating pressure range between the vapor pressure
of a cryogenic liquid and a selected percentage of the
material failure limit of common, biocomaptible, extruded
plastics can be established by selecting the length of the
reduced diameter portion 140’ so as to provide a passage
(defined by the outer surface of the portion 140’ and the
inner surface of the outer conduit) having a volume that
limits the pressure operating range of the device explicitly
between the vapor pressure of the cooling fluid as a minimum
and approximately 300 PSI as a maximum. By ensuring that the
pressure remains below 300 PSI, patient safety is greatly
enhanced, and it permits the catheter 130 to be made from
common plastics. Present manufacturing techniques for metal
tubing do allow this precise balance between flow
requirements and effective and safe operating pressures to
be maintained without an inner conduit having at least two
diameters. If tubing manufacturing were improved, it could
be possible to provide the extremely close tolerance in a
single tube diameter.

Another safety feature of the device is provided by the
application of a vacuum or a suction to the cryogenic
catheter 130, so as to cause the pressure within the outer
conduit 142 to be lower than a given blood pressure. Low
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pressure gas return provides a particular advantage when the
returning fluid used for cooling is toxic, such as gaseous
Freon. For example, were the catheter 130 to develop a tear,
a hole or other imperfection, blood would be sucked into the
catheter instead of the toxic gas being expelled therefrom.
Thus, the present invention allows cooling fluids to be used
despite their toxicity, thereby making available a broader
selection of fluids than would otherwise be available to the
prudent practitioner. The reduced pressure in the gas return
line also provides protection from excessive discharge of an
otherwise benign gas or fluid, such as carbon dioxide, a
large bolus of which could be fatal to the patient.
Furthermore, the application of a vacuum allows the
temperature of the cooling tip to be reduced significantly.
A variety of modifications and variations of the presént
invention are possible in light of the above teachings. It
is therefore to be understood that, within the scope of the
appended claims, the present invention may be practiced
otherwise than as specifically described hereinabove.
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CLAIMS
: What is claimed is:
1. A cryogenic catheter comprising:

: a first flexible conduit, having a proximal end and a
5 distal end, concentric with a second flexible conduit, said
first flexible conduit permitting a cooling fluid to flow
from said proximal end to said distal end, said second
flexible conduit, having a proximal end and a distal end,
permitting said cooling fluid to flow from said distal end
10 to said proximal end; and
a boiling chamber connecting said distal end of said
first flexible conduit and said distal end of said second
flexible conduit, said boiling chamber permitting boiling of
said cooling fluid into a gaseous state;
15 said cryogenic catheter being sufficiently flexible and
sufficiently slender to be inserted into and travel through
a blood vessel without injuring said blood vessel.

2. The cryogenic catheter of claim 1, wherein said first
flexible conduit has a flow restrictive section adapted to

20 control delivery of said cooling fluid to said boiling
chamber at a pressure greater than a vapor pressure of said
cooling fluid at room temperature and less than 300 pounds
per square inch.

3. The cryogenic catheter of claim 1, wherein said first
25 flexible conduit has a first portion having a first inner

diameter and a second portion proximate said distal end

having a second inner diameter less than said first inner

diameter and said second flexible conduit has a substantially

uniform inner diameter from said proximal end to said distal
30 end.
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4. The cryogenic catheter of claim 3, wherein said first
inner diameter is 0.18 millimeters and said second inner
diameter is 0.13 millimeters.

5. The cryogenic catheter of claim 4, wherein said
cryogenic catheter is approximately one meter long and said
second portion is 25 centimeters long.

6. A cryogenic catheter comprising:

a first conduit, having a proximal end and a distal end,
concentric with a second conduit, and having a first portion
having a first inner diameter and a second portion having a
second inner diameter, said second portion being proximate
said distal end and said second inner diameter being 1less
than said first inner diameter, said first conduit permitting
a cooling fluid to flow from said proximal end to said distal
end, said second conduit, having a proximal end and a distal
end, permitting said cooling fluid to flow from said distal
end to said proximal end; and
. a conductive boiling chamber connecting said distal end
of said first conduit and said distal end of said second
conduit, said boiling chamber permitting boiling of said
cooling fluid into a gaseous state; and

a first electrode wire in conductive contact with said
boiling chamber and a second electrode wire isolated from
said boiling chamber.

7. The cryogenic catheter of claim 6, wherein said second
electrode wire presses a portion of said second conduit
against a portion of said boiling chamber.

8. The cryogenic catheter of claim 7, wherein said portion
of said boiling chamber includes a plurality of annular
ridges.
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9. The cryogenic catheter of claim 7, further including a
steering wire secured to said boiling chamber.

10. The cryogenic catheter of claim 9, further including a
second steering wire secured to said boiling chamber and
separated from said first steering wire by a distance no
greater than an inner diameter of said second conduit.

11. The cryogenic catheter of claim 2, wherein said boiling
chamber defines a first opening in communication with said
distal end of said first flexible conduit and includes a
passive flow restriction device between said boiling chamber
and said distal end of said second flexible conduit.

12. The cryogenic catheter of claim 2, further including a
fluid control unit for maintaining a gas pressure within said
second flexible conduit at a predetermined level below a
given blood pressure.

13. The cryogenic catheter of claim 12 further including a
supply of cooling fluid having a low boiling point.

1l4. The cryogenic catheter of claim 12, wherein said cooling
fluid is toxic in its liquid state.

15. The cryogenic catheter of claim 12, wherein said cooling
fluid is toxic in its gaseous state.

16. The cryogenic catheter of claim 13, wherein said cooling
fluid includes Freon.

17. The cryogenic catheter of claim 13, wherein said cooling
fluid is harmful to a human when released into a patient’s
cardiovascular system.
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18. A cryogenic catheter comprising:

a first conduit, having a proximal end and a distal end,
concentric with a second conduit, said first conduit
permitting a cooling fluid-to flow from said proximal end to
said distal end, said second conduit, having a proximal end
and a distal end, permitting said cooling fluid to flow from
said distal end to said proximal end, said first conduit
having a first portion having a first inner diameter and a
second portion having a second inner diameter, said second
portion being proximate said distal end, and said second
inner diameter is less than said first inner diameter;

a boiling chamber connecting said distal end of said
first conduit and said distal end of said second conduit,
said boiling chamber permitting boiling of said cooling fluid
into a gaseous state, said boiling chamber being conductive
and further including a first electrode wire in conductive
contact with said boiling chamber and a second electrode wire
electrically insulated from said boiling chamber, said second
electrode wire pressing a portion of said second conduit
against a portion of said boiling chamber; and

a steering wire secured to said boiling chamber.

19. The cryogenic catheter of claim 18, wherein said boiling
chamber defines a first opening in communication with said
distal end of said first conduit and includes a passive flow
restriction device between said boiling chamber and said
distal end of said second conduit.

20. The cryogenic catheter of claim 19, further including
a fluid control unit maintaining a gas pressure within said
second conduit at a predetermined level below a given blood
pressure.

21. The cryogenic catheter of claim 18, further including
a supply of a toxic cooling fluid having a low boiling point.
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22. A method of cooling cardiac tissue comprising the steps
of:

providing a cryogenic catheter including,

a first flexible tonduit, having a proximal end and
a distal end, concentric with a second flexible conduit, said
first flexible conduit permitting a cooling fluid to flow
from said proximal end to said distal end, said second
flexible conduit, having a proximal end and a distal end,
permitting said cooling fluid to flow from said distal end
to said proximal end; and
a boiling chamber connecting said distal end of

said first flexible conduit and said distal end of said
second flexible conduit, said boiling chamber permitting
boiling of said cooling fluid into a gaseous state;

pumping a toxic cooling fluid into said boiling chamber
at a temperature between room temperature and body
temperature; and

maintaining a gas pressure within said second flexible
conduit at a predetermined level below a given blood
pressure.

23. A cryogenic catheter comprising:

a first conduit, having a proximal end and a distal end,
concentric with a second conduit, said first conduit
permitting a cooling fluid to flow from said proximal end to
said distal end, said second conduit, having a proximal end
and a distal end, permitting said cooling fluid to flow from
said distal end to said proximal end;

a conductive boiling chamber connecting said distal end
of said first conduit and said distal end of said second
conduit, said boiling chamber permitting boiling of said
cooling fluid into a gaseous state;

said first conduit having a flow restrictive section
adapted to control delivery of said cooling fluid to said
boiling chamber at a pressure greater than a vapor pressure
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of said cooling fluid at room temperature and less than 300
pounds per square inch; and

a first electrode wire in conductive contact with said
boiling chamber.
24. The cryogenic catheter of claim 23, further including
a second electrode wire isolated from said boiling chamber.

25. The cryogenic catheter of claim 24, wherein said second
electrode wire presses a portion of said second conduit
against a portion of said boiling chamber.

26. The cryogenic catheter of claim 25, wherein said portion
of said boiling chamber includes a plurality of annular
ridges.

27. The cryogenic catheter of claim 23, further including
a steering wire secured to said boiling chamber.

28. The cryogenic catheter of claim 27, further including
a second steering wire secured to said boiling chamber and
separated from said first steering wire by a distance no
greater than an inner diameter of said second conduit.
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AMENDED CLAIMS
[received by the International Bureau on 01 June 1995 (01.06.95);
new claims 29-44 added; remaining claims unchanged 4 (pages)]
29. A cryogenic catheter comprising:

a first conduit, having a proximal end and a distal end,
concentric with a second conduit, and having a first portion
having a first inner diameter and a second portion having a
second inner diameter, said second portion being proximate
said distal end and said second inner diameter being less
than said first inner diameter, said first conduit permitting
a cooling fluid to flow from said proximal end to said distal
end, said second conduit, having a proximal end and a distal
end, permitting said cooling fluid to flow from said distal
end to said proximal end; and

a conductive boiling chamber connecting said distal end
of said first conduit and said distal end of said second
conduit, said boiling chamber permitting boiling of said
cooling fluid into a gaseous state; and

a first electrode wire in conductive contact with said
boiling chamber and a second electrode wire isolated from
said boiling chamber.

30. The cryogenic catheter of claim 29, wherein said second
electrode wire presses a portion of said second conduit
against a portion of said boiling chamber.

31. The cryogenic catheter of claim 30, wherein said portion
of said boiling chamber includes a plurality of annular

ridges.

32. The cryogenic catheter of claim 29, further including
a steering wire secured to said boiling chamber.

33. The cryogenic catheter of claim 32, further including
a second steering wire secured to said boiling chamber and
separated from said first steering wire by a distance no
greater than an inner diameter of said second conduit.

AMENDED- SHEET. (ARTICLE 19)
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34. A cryogenic catheter comprising:

a first conduit, having a proximal end and a distal end,
concentric with a second conduit, said first conduit
permitting a cooling fluid to flow from said proximal end to
said distal end, said second conduit, having a proximal end
and a distal end, permitting said cooling fluid to flow from
said distal end to said proximal end, said first conduit
having a first portion having a first inner diameter and a
second portion having a second inner diameter, said second
portion being proximate said distal end, and said second
inner diameter is less than said first inner diameter;

a boiling chamber connecting said distal end of said
first and said distal end of said second conduit, said
boiling chamber permitting boiling of said cooling fluid into
a gaseous state, said boiling chamber being conductive and
further including a first electrode wire in conductive
contact with said boiling chamber and a second electrode wire
electrically insulated from said boiling chamber, said second
electrode wire pressing a portion of said second conduit
against a portion of said boiling chamber; and

a steering wire secured to said boiling chamber.

35. The cryogenic catheter of claim 34, wherein said boiling
chamber defines a first opening in communication with said
distal end of said first conduit and includes a passive flow
restriction device between said boiling chamber and said

distal end of said second conduit.

36. The cryogenic catheter of claim 35, further including
a fluid control unit maintaining a gas pressure within said
second conduit at a predetermined level below a given blood
pressure.

37. The cryogenic catheter of claim 34, further including
a supply of a toxic cooling fluid having a low boiling point.

AMENDED SHEET (ARTICLE 19)
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38. A cryogenic catheter comprising:

a first conduit, having a proximal end and a distal end,
concentric with a second conduit, said first conduit
permitting a cooling fluid to flow from said proximal end to
said distal end, said second conduit, having a proximal end
and a distal end, permitting said cooling fluid to flow from
said distal end to said proximal end;

a conductive boiling chamber connecting said distal end
of said first conduit and said distal end of said second
conduit, said boiling chamber permitting boiling of said
cooling fluid into a gaseous state;

said first conduit having a flow restrictive section
adapted to control delivery of said cooling fluid to said
boiling chamber at a pressure greater than a vapor pressure
of said cooling fluid at room temperature and less than 300
pounds per square inch;

a first electrode wire in conductive contact with said
boiling chamber; and ‘

second electrode wire isolated from said boiling
chamber.

39. The cryogenic catheter of claim 38, wherein said second
electrode wire presses a portion of said second conduit
against a portion of said boiling chamber.

40. The cryogenic catheter of claim 39, wherein said portion
of said boiling chamber includes a plurality of annular

ridges.

41. The cryogenic catheter of claim 38, further including
a steering wire secured to said boiling chamber.

AMENDED SHEET (ARTICLE 19)
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42. The cryogenic catheter of claim 41, further including
a second steering wire secured to said boiling chamber and
separated from said first steering wire by a distance no
greater than an inner diameter of said second conduit.
43. The cryogenic catheter of claim 38, wherein said first
flexible conduit has a first portion having a first inner
diameter and a second portion proximate said distal end
having a second inner diameter less than said first inner
diameter and said second flexible conduit has a substantially
uniform inner diameter from said proximal end to said distal
end.

44. The cryogenic catheter of claim 43, wherein said first

inner diameter is 0.18 millimeters and said second inner
diameter is 0.13 millimeters.

AMENDED SHEET (ARTICLE 19)
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