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Heat Exchange and Temperature Sensing Device and Method of Use

TECHNICAL FIELD

[0001] The disclosure relates to the field of heating and cooling tissue, in particular the temperature

management of tissue using a heat exchange and temperature sensing device.
SUMMARY OF THE DISCLOSURE

[0002] The problem of preventing injury to an esophagus caused by heat or cold being delivered to
the heart or other nearby tissue may be solved by regulating the temperature of the esophagus using a heat
exchange device having a heat exchanger which has a cross section substantially corresponding with the
collapsed/relaxed/natural cross section of the inside of the esophagus. In some embodiments, the heat
exchanger is a balloon, and inflation of the balloon substantially maintains the esophagus in its natural
shape and location (i.e., the esophagus is not displaced towards the Ieft atrium). Some alternative
embodiments includes providing a heat exchanger that substantially conforms to or corresponds with the
cross section of an esophagus by means other than inflation while substantially maintaining the natural

shape and location of the esophagus.

[0003] In a first broad aspect, embodiments of the present invention are for a heat exchange and
temperature sensing device regulating a temperature of an esophagus when heat or cold is delivered to a
Ieft atrium, the method including altering a heat exchange device from an insertable configuration to a
heat exchanging configuration which substantially conforms to and corresponds with a cross-section of an
inside of the esophagus such that the esophagus is substantially maintained in its natural shape and
Iocation, whereby the esophagus is not substantially displaced towards the Ieft atrium.

[0004] In a second broad aspect, embodiments of the present invention are for a method of
regulating a temperature of an esophagus when heat or cold is delivered to a left atrium, the method
including the steps of (a) inflating a heat exchange device from an collapsed configuration to an inflated
configuration which substantially conforms to and corresponds with a cross-section of an inside of the
esophagus such that the esophagus is substantially maintained in its natural shape and Iocation, whereby
the esophagus is not substantially displaced towards the left atrium; and (b) regulating the temperature of
the esophagus using the heat exchange device.

[0005] In a third broad aspect, embodiments of the present invention are for a method of regulating a
temperature of an esophagus when heat or cold is delivered to a Ieft atrium. The method comprises the
steps of: (1) measuring the esophagus and seclecting a size of a heat exchange device which fits the
esophagus; (2) delivering the heat exchange device to a target site; (3) confirming a desired location of
the heat exchange device; (4) exchanging heat with the esophagus; (5) confirming that the target site is

protected; and (6) retrieving the heat exchange device.
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[0006] In some embodiments of the third broad aspect, step (1) comprises using imaging such as

fluoroscopy, CT, MRI, or EAM.

[0007] In some embodiments of the third broad aspect, the heat exchange device comprises a balloon
and a main shaft, and the method includes, before step (2), the step of deflating or collapsing the balloon
and wrapping or folding the balloon around the main shaft. In some embodiments, wherein the heat
exchange device comprises a balloon, the method includes, before step (2), the step of priming the heat
exchange device to replace air with fluid. In some embodiments, step (2) comprises advancing the heat
exchange device through a nostril. Some embodiments include the heat exchange device further
comprising imaging markers and step (2) includes using an imaging system to position the heat exchange
device. In some embodiments, step (2) comprises advancing an outer sheath with the heat exchanger and

pulling back on the outer sheath when the heat exchanger is positioned to expose the heat exchanger.

[0008] In some embodiments of the third broad aspect, step (3) comprises confirming an orientation
of the heat exchange device relative to a known anatomical marker by imaging of imaging markers on the

heat exchange device. In some such embodiments, the known anatomical marker is the Ieft atrium.

[0009] In some embodiments of the third broad aspect, step (4) includes begin circulating a heat
exchange fluid through the heat exchange device before heat or cold is delivered to the Ieft atrium. Such
embodiments typically include stopping circulating the heat exchange fluid through the heat exchange

device after heat or cold is delivered to the Ieft atrium.

[0010] In some embodiments, step (5) comprises imaging of a tissue of the esophagus to determine if
the tissue has been changed. Some embodiments include step (5) comprising monitoring a physiological

parameter which indicates a health factor of a tissue of the esophagus.

[0011] Some embodiments of the third broad aspect include prior to step (6), removing the heat
exchange fluid from the heat exchange device. In some such embodiments, the heat exchange fluid is
removed by vacuuming. Some embodiments include prior to step (6), advancing the outer sheath to cover
the heat exchanger, thereby reducing a diameter of the heat exchanger. With typical embodiments of the

invention, step (6) includes removing the heat exchange device from a patient.

[0012] In a fourth broad aspect, embodiments of the present invention are for a method of
monitoring a temperature of a tissue of an esophagus, the method including (a) inflating a device from a
collapsed configuration to an inflated configuration which conforms and corresponds with a cross-section
of an inside of the esophagus such that the esophagus is maintained in its natural shape and Iocation,
whereby the esophagus is not displaced towards a Ieft atrium, and (b) monitoring the temperature of the
tissue using sensors on the outside of the device. In some such embodiments, step (b) comprises using

sensors on one side of the device.

[0013] In a fifth broad aspect, embodiments of the present invention are for a heat exchange and

temperature sensing device which regulates the temperature of an esophagus when heat or cold is
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delivered to a Ieft atrium. The device comprising an insertable configuration and a heat exchanging
configuration. In the insertable configuration, the device has a Iow profile such that it may be readily
inserted into an esophagus. In the heat exchanging configuration, an expandable portion of the device
may be expanded such that the expandable portion substantially conforms to and corresponds with a
cross-section of an inside of the esophagus such that the esophagus is substantially maintained in its

natural shape and Iocation, whereby the esophagus is not substantially displaced towards the Ieft atrium.

[0014] In some embodiments, the device comprises an elongated shaft comprising a distal end and a
proximal end. The eclongated shaft defines at Ieast a first Tumen and a second Tumen. The devices
comprises a handle attached to the proximal end of the clongated shaft; and a heat exchanger attached to
the distal end of the elongated shaft. The heat exchanger comprises a cavity between a distal end and a
proximal end. The cavity is in fluid communication with the first Tumen and the second Iumen of the

clongated shaft.

[0015] In some embodiments, the shape of the heat exchanger is constrained by at Ieast one tic which
is attached at one end to a posterior surface of the heat exchanger and at the other end to an anterior

surface of the heat exchanger.

[0016] In some embodiments, the shape of the heat exchanger is constrained by a weld pattern. The
weld pattern comprises at Ieast one weld which attaches at Ieast part of an anterior surface of the heat

exchanger and a posterior surface of the heat exchanger.

[0017] In some embodiments, the at Ieast one weld is a plurality of welds oriented such that heat
exchange fluid flowing through the heat exchanger is channeled towards a pair of side edges of the heat

exchanger.

[0018] In some embodiments, the plurality of welds are oriented as a series of consecutive chevrons

along the Iength of the heat exchanger.

[0019] In some embodiments, the plurality of welds are oriented as at Ieast one continuous line

running along the length of the heat exchanger.
[0020] In some embodiments, the plurality of welds are oriented as a dotted or broken Iine.

[0021] In some embodiments, the heat exchanger comprises at least a pair of parallel tubular
members extending between the proximal end and the distal end of the heat exchanger, each parallel

tubular member defining a lumen for receiving heat exchange fluid.

[0022] In some embodiments, the first lumen comprises a fluid inflow port to allow heat exchange

fluid to flow into the heat exchanger.
[0023] In some embodiments, the fluid inflow port is proximate a distal end of said heat exchanger.

[0024] In some embodiments, the second ITumen comprises a fluid outflow port to allow heat

exchange fluid to flow out of the heat exchanger.
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[0025] In some embodiments, the fluid outflow port is proximate a proximal end of said heat

exchanger.

[0026] In some embodiments, the heat exchanger comprises an anterior surface and a posterior
surface, wherein the anterior surface is positioned proximate an anterior wall of the esophagus and the
posterior surface is positioned proximate a posterior wall of the esophagus, and wherein the posterior wall
comprises a heat insulating layer for insulating the posterior wall of the esophagus from heat exchange

fluid circulating through the heat exchanger.

[0027] In some embodiments, the heat exchanger further comprises temperature sensors for

measuring the temperature of a target site within the esophagus.

[0028] In some embodiments, the device comprises at least two radiopaque markers, one of said at
Ieast one radiopaque markers being positioned adjacent the proximal end of the heat exchanger, and one

of said at Ieast one radiopaque markers being positioned adjacent the distal end of the heat exchanger.

[0029] In some embodiments, the device comprises force sensors attached to the heat exchanger for

determining the amount of force being applied by the heat exchanger to the esophagus.

[0030] In some embodiments, the device comprises at Ieast two electroanatomic mapping electrodes
for determining the position of the heat exchanger relative to a target therapy site, one of said at Ieast one
electrodes being positioned adjacent the proximal end of the heat exchanger, and one of said at Ieast one

electrodes being positioned adjacent the distal end of the heat exchanger.

[0031] In some embodiments, the device comprises at Ieast one pacing electrode for delivering a

pacing sigual to the heart.

[0032] In some embodiments, the device comprises at least one electrocardiogram electrode for

detecting electrocardiogram signals.

[0033] In some embodiments, the device comprises an outer sheath, wherein the outer sheath is
movable between a first position and a second position, wherein when the outer sheath is in the first
position, the heat exchanger is within the outer sheath, and when the outer sheath is in the second

position, the heat exchanger is exposed.
[0034] In some embodiments, the cross-sectional shape of the heat exchanger is substantially oblong.
[0035] In some embodiments, the device comprises an outer balloon surrounding the heat exchanger.

[0036] In some embodiments, the handle comprises a fluid inflow connector in fluid communication
with the first Tumen for connection with a heat exchange fluid source and a fluid outflow connector in

fluid communication with the second Iumen for connection with a heat exchange fluid return repository.
[0037] In some embodiments, heat exchange fluid is circulated in a closed Ioop.

[0038] In some embodiments, heat exchange fluid is circulated in an open Ioop.
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[0039] In some embodiments, the heat exchanger is a balloon.

[0040] In some embodiments, the heat exchanger is spaced apart from the distal end of the elongated
shaft such that a portion of the elongate shaft extends beyond the heat exchanger. Temperature sensors are
attached to the distal end of the elongated shaft for measuring a core body temperature.

[0041] In some embodiments, the elongated shaft defines a first lumen, a second lumen, and a third
Iumen. The cavity of the heat exchanger comprises a first shaping Tumen and a heat exchange Tumen. The
heat exchange Iumen is in fluid communication with the first lumen and the second Iumen of the

elongated shaft. The shaping lumen is in fluid commnnication with the third lnmen of the elongated shaft.

[0042] In some embodiments, the third lumen of the clongated shaft allows fluid flow into the
shaping Tumen of the heat exchanger to inflate the heat exchanger from the insertable configuration to the
heat exchanging configuration.

[0043] In some embodiments, the handle comprises a shaping Tumen connector in communication

with the third Tumen for connection with a shaping fluid source.

[0044] In a sixth broad aspect, embodiments of the present invention are for a heat exchange and
temperature sensing device which regulates the temperature of an esophagus when heat or cold is
delivered to a Ieft atrium. The device comprises an elongated shaft which comprises a distal end and a
proximal end, the elongated shaft defining at Ieast a first Tumen, and a second Iumen. A heat exchanger is
attached to the distal end of the elongated shaft. The heat exchanger comprises a distal end, the distal end
comprising a distal blocking member dimensioned in one configuration to substantially conform to and
correspond with a cross-section of an inside surface of the esophagus such that the esophagus is
substantially maintained in its natural shape and Iocatiod[NLl]. The heat exchanger comprises at Ieast
one irrigation port for dispensing heat exchange fluid within the esophagus, the first lumen being in fluid
communication with the at Ieast one irrigation port. The device comprises at Ieast one suction port for
removing heat exchange fluid. The at Ieast one suction port is in fluid commnnication with the second
Iumen. In use, heat exchange fluid dispensed from the at Ieast one irrigation port is prevented from

advancing past the distal blocking member to a stomach.

[0045] In some embodiments of the sixth broad aspect, the heat exchanger comprises an insertable
configuration and a heat exchanging configuration, where a cross-section of the heat exchanger in the
insertable configuration is smaller than a cross-section of the heat exchanger in the heat exchanging

configuration.

[0046] In some embodiments, the proximal blocking member and the distal blocking member are
inflated to provide the heat exchanging configuration, and deflated to provide the insertable configuration.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0047]

In order that the invention may be readily nnderstood, embodiments of the invention are

ilfustrated by way of examples in the accompanying drawings, in which:

[0048]
[0049]
[0050]
[0051]
[0052]
[0053]
[0054]
[0055]
[0056]
[0057]
[0058]
[0059]
[0060]
[0061]
[0062]
[0063]
[0064]
[0065]

[0066]

Fig

Fig

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig. 1 is an illustration of a heat exchange device;

. 2 is an illustration of a cross section of an esophagus;

. 3 is an illustration of a cross section of a balloon heat exchanger;

4 is an illustration of a balloon heat exchanger expanded in an esophagus;
5 is an illustration of three balloons side-by-side;

6 is an illustration of balloons with centered necks;

7 is an illustration of balloons with offset necks;

8 is an illustration of a serpentine welded balloon;

9 is an illustration of a welded balloons with ties;

10 is an illustration of a welded balloon with fins;

11 is an illustration of a welded balloon with pockets;

12 is an illustration of a coiled tube heat exchanger;

13 is an illustration of a multiple-tube heat exchanger;

14 is an illustration of a helical-tube heat exchanger;

15 is an illustration of a serpentine-tube heat exchanger;

16 is an illustration of an inlet port with a single hole;

17 is an illustration of an inlet port with multiple holes;

18 is an illustration of temperature sensors affixed to balloon surface;

19 is an illustration of temperature sensors mounted on the embodiments depicted in

Figs. 13 and 14;

[0067]
[0068]
[0069]
[0070]
[0071]
[0072]

[0073]

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

20 is an illustration of temperature sensors monnted on struts made from a catheter shaft
21 is an illustration of temperature sensors affixed to textile;

22 is an illustration of temperature sensors affixed to strands;

23 is an illustration of a heat exchanger with an insulating air balloon inside;

24 is an illustration of a heat exchanger with an insulating air balloon outside;

25 is an illustration of open irrigation of a fluid with suction;

26 is a flowchart of a method;
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[0074]
[0075]
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[0078]
profile;
[0079]
profile;
[0080]
profile;
[0081]
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Tumen;
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lines;
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Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

Fig.
Fig.
Fig.

Fig.

27 is an illustration of a balloon with a weld line;

28 is an illustration of a balloon with tack welds;

29 is another embodiment of a heat exchange device which includes an outer sheath;
30 is an exploded view of a balloon;

31 is an illustration of a coiled tube heat exchanger with an oblong cross-sectional

32 is an illustration of a multiple-tube heat exchanger with an oblong cross-sectional

33 is an illustration of a helical-tube heat exchanger with an oblong cross-sectional

34 is an illustration of a heat exchanger with an insulating portion;

35 is an illustration of a heat exchanger with a shaping ITumen and a heat exchanging

36 is an illustration of temperature sensors mounted on the embodiment depicted in Fig,

37 is an illustration of temperature sensors mounted on the embodiment depicted in Fig,

38 is an illustration of a balloon with a pair of wavy weld lines;

39 is an illustration of a further embodiment of a balloon with a pair of wavy weld lines;
40 is an illustration of a balloon with a pair of wavy weld lines and multiple tack welds;
41 is an illustration of a balloon with a pair of curved weld lines;

42 is an illustration of a further embodiment of a balloon with tack welds;

43 is an illustration of a balloon with a pair of broken weld lines;

44 is an illustration of a further embodiment of a balloon with a pair of broken weld

45 is an illustration of yet another embodiment of a balloon with a pair of broken weld

46 is an illustration of a balloon with a pair of broken weld lines and a pair of tack welds;
47 is an illustration of a balloon with chevron pattern welds;
48 is an illustration of a further embodiment of a balloon with chevron pattern welds;

49 is an illustration of yet another embodiment of a balloon with chevron pattern welds;
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[0097] Fig. 50 is an illustration of a welded balloon with an outer balloon;

[0098] Fig. 51 is an illustration of an irrigation heat exchanger;

[0099] Fig. 52 is an illustration of the embodiment of Figure 51 disposed in a body Tumen;
[00100] Fig. 53 is a side view of the embodiment depicted in Fig. 52;

[00101] Fig. 54 is an exploded view of a an embodiment;

[00102] Fig. 55 is an illustration of a heat exchanger comprising a pocket;

[00103] Fig. 56 is a cross-sectional plan view of a heat exchanger attached to a shaft and an inlet tube;

and

[00104] Fig. 57 is a cross-sectional plan view of a heat exchanger attached to a shaft, an inlet tube,

and an outlet tube.
DETAILED DESCRIPTION

[00105] [Inadvertent thermal injury to the esophagus is a dangerous complication of Ieft atrial ablation
due to the close proximity of the esophagus to the posterior aspect of the human heart. These thermal
injuries can include esophageal mucosal changes, tissue necrosis, ulcer formation, and atrial-esophageal

fistula formation.

[00106] Current preventative options include reducing the power or duration of ablation when
targeting the posterior wall of the left atrium, and monitoring Iuminal esophageal temperature during
ablation so that the ablation can be stopped if there is an unacceptable temperature change in the

esophagus. These options may reduce the effectiveness of an ablation treatment.

[00107] Attempts have been made in the past to protect the esophagus using cooling balloons. One of
the Timitations of such balloons is that the balloons typically expand and/or displace the esophagus.
Sometimes, a balloon expands and displaces an esophagus to a position closer to the posterior wall of the
heart which is the Iocation of heating by delivery of energy for ablation. In such cases, the cooling by the
balloon may not be snfficient to protect the esophagus from thermal injury.

[00108] The present inventors have conceived of and reduced to practice embodiments of a heat
exchange and temperature sensing device and a method of use of said device which is able to prevent
injury to an esophagus caused by heat or cold being delivered to the Ieft atrium of the heart. The device
regulates the temperature of the esophagus by providing a heat exchanger which can be placed in the
esophagus. The heating/cooling balloon has an inflatable cross section corresponding with the
collapsed/relaxed/natural cross section of the inside of the esophagus. Inflation of the balloon maintains
the esophagus in its natural shape and Iocation such that the esophagus is not displaced towards the left

atrium.

[00109] Inits collapsed or insertable state, the balloon is Iow in profile and flexible so that it can be

inserted into the nose or mouth and advanced to the esophagus. Once positioned in the esophagus, it is
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expandable to take on a shape with a profile and dimensions corresponding to the
collapsed/relaxed/natural cross section of the internal lumen defined by a human esophagus. When fully
expanded, the heat exchange balloon makes contact with the endoluminal surface of the esophagus

without substantially displacing it from its natural lIocation.

[00110] The outer surface of the balloon is in intimate contact with the mucosal Iayer of the
esophagus. It supplies or removes thermal energy in order to keep the esophagus at a desired temperature
throughout an ablation procedure. This includes cooling the esophagus during heat-based ablation
procedures, (such as radio frequency/RF or high intensity focused ultrasound ablation/HIFU), or warming

the esophagus during cold-based ablation procedures (such as cryoablation).

[00111] This method and device may be used during Ieft atrial ablation procedures, which are
procedures for treating atrial fibrillation in humans. These procedures may include RF/HIFU ablations
and cryoablations. In these types of procedures, ablations are performed to create Iesions around the ostia
of the pulmonary veins, some of which are typically very close to the esophagus. Before the veins are
ablated, the balloon portion of the device is positioned in the esophageal Tumen and posterior to the Ieft
atrium. Once activated, the device either removes thermal energy from the esophagus, or delivers thermal

energy to the esophagus to keep it in a desired temperature range throughout the procedure.

[00112] The invention can also be used in other cardiac procedures where the temperatures in the
heart reach undesired Ievels. It can also be used in other areas of the body where temperature
management is required to protect sensitive structures, for example ablation of the prostate to treat cancer.
Additionally, the invention can be used to control patient temperature, for example to induce and maintain
hypothermia in critically ill patients, or to warm patients with body temperatures below normal, such as

when they are under general anesthesia and undergoing surgery.

[00113] With specific reference now to the drawings in detail, it is stressed that the particulars shown
are by way of example and for purposes of illustrative discussion of certain embodiments of the present
invention only. Before explaining at Ieast one embodiment of the invention in detail, it is to be understood
that the invention is not limited in its application to the details of construction and the arrangement of the
components set forth in the following description or illustrated in the drawings. The invention is capable
of other embodiments or of being practiced or carried out in various ways. Also, it is to be understood that
the phraseology and terminology employed herein is for the purpose of description and should not be

regarded as limiting.

[00114] Heat Exchanging Fluid Device

[00115] An example of a heat exchange and temperature sensing device 100 for use in the method
described herein is illustrated in Figure 1. Heat exchanging fluid device 100 comprises a main shaft 103
which has balloon heat exchanger 101 at one end, with temperature sensor 104 being associated with
balloon heat exchanger 101. Handle 105 is at the other end of main shaft 103. The end of heat exchange
device 100 having handle 105 also includes fluid inflow 106, fluid outflow 107, and temperature sensor



10

15

20

25

30

35

WO 2019/030733 PCT/IB2018/056059
10

connector 108. Another embodiment of heat exchange and temperature sensing device 100 is shown in
Figure 29. As will be described in more detail below, heat is exchanged by allowing fluid to be circulated
through the balloon 101 via fluid inflow 106 and fluid outflow 107.

[00116] In one embodiment, the fluid is made substantially of water. For example, the fluid may be
distilled water or saline. Alternately, the fluid may be a substance that is not substantially water, such as
an oil based or petroleum product. In addition, the fluid may contain additives, for example a disinfectant,
or stabilizer. The temperature, flow rate, and pressure of the fluid is managed through an external
controller which includes a pump. The heat exchanging fluid device of the present invention is described

in greater detail below.

[00117] The heat exchanging fluid device comprises inlet port(s) and outlet port(s). The inlet port(s)
is the Tocation where the fluid enters the heat exchanger (e.g. a balloon). There may be one or multiple
inlet ports which service different Iocations in the heat exchanger. In one embodiment, the inlet port 116
is a hole on tube 127 Iocated inside the heat exchanger 101 (e.g. Figure 16. Inlet port with single hole).
The fluid advances through fluid inflow 106 and tube 127 nntil it reaches the hole 116 and enters the heat
exchanger 101. Fluid inflow 106 and tube 127 are in fluid commnnication to allow fluid to be supplied to
the heat exchanger via fluid inflow 106. In some embodiments the tube 127 is made of plastic, possibly
reinforced with materials such as a metal coil or braid within the tube wall. The hole 116 may be at the
distal end of the heat exchanger 101, or the proximal end of the heat exchanger 101, or at any location in
between. In the embodiments depicted in Figures 1 and 29, inlet port(s) are in fluid communication with

fluid inflow 106. In some embodiments, inlet port(s) are part of fluid inflow 106.

[00118] In some embodiments, heat exchange fluid is circulated in a closed Ioop. After heat exchange
fluid Ieaves the heat exchange device via fluid outflow, the heat exchange fluid is re-heated/re-cooled
then introduced back into the heat exchange device via fluid inflow. Heat exchange fluid may thus be

continuously recirculated.

[00119] In other embodiments, heat exchange fluid is circulated in an open Ioop. Heat exchange fluid

Ieaving the heat exchange device is discarded or disposed of.

[00120] In an alternate embodiment, the tube has multiple holes spaced along the tube (e.g. Figure 17.
Tube 127 with multiple inlet ports 116). The fluid advances through the tube until it reaches one of the
multiple holes, and enters the heat exchanger in multiple Iocations simultancously. The holes may be
spaced linearly at regular intervals, or in a helical pattern around the tube, or in any other type of pattern
along the tube. Typically, the holes are Tocated to optimize one of the features of the heat exchange. For
example, the holes may be located to maximize the thermal performance of the heat exchanger, or to

control pressure inside the heat exchanger.

[00121] The outlet port is the Iocation where the fluid exits the heat exchanger. There may be one or
multiple outlet ports which service different Iocations in the heat exchanger. In one embodiment, the

outlet port is a tube with a single hole Iocated inside the heat exchanger. The fluid enters the heat
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exchanger at the inlet port(s), travels through the heat exchanger, and exits at the outlet port. In some
embodiments, the tube is made of plastic, possibly reinforced with materials such as a metal coil or braid
within the tube wall. The hole may be at the distal end of the heat exchanger, or the proximal end of the
heat exchanger, or at any location in between. In the embodiment depicted in Figures 1 and 29, outlet
port(s) are in fluid communication with fluid outflow 107. In some embodiments, outlet port(s) are part of

fluid outflow 107.

[00122] In another embodiment, the tube 127 has multiple holes spaced along its Iength. The fluid in
the heat exchanger exits through one of the multiple holes simultancously. The holes may be spaced
linearly at regular intervals, or in a helical pattern around the tube, or in any other type of pattern along
the tube. Typically, the holes are Iocated to optimize one of the features of the heat exchange. For
example, the holes may be located to maximize the thermal performance of the heat exchanger, or to

control pressure inside the heat exchanger.

[00123] The heat exchange device 100 may comprise a sheath or sleeve. A sheath 152 is depicted in
Figure 29. As will be discussed in greater detail below, a heat exchanger 101 may be
collapsed/wrapped/deflated around a shaft 103 such that the heat exchanger 101 may be received into a
sheath 152. Accordingly, sheath 152 is dimensioned to receive heat exchanger 101 when it is in a
collapsed/wrapped/deflated configuration. This feature may be provided to avoid damage to the body
Iumen when the heat exchanger is being advanced therethrough. Heat exchanger 101 may be provided
with radiopaque (RO) markers or electroanatomic mapping (EAM) 153 for using imaging techniques to
determine the Tocation of the heat exchanger 101 relative to known anatomical markers. The embodiment
depicted in Figure 29 is provided with a body temperature sensor 155. Body temperature sensor 155 is
spaced apart from heat exchanger 101 such that the temperature sensed by sensor 155 is of the body
Iumen and not of the heat exchanger 101. Items 154 are additional electrodes for either pacing or
detecting electric signals. For pacing, pacing electrodes would be provided. For detecting electric signals,
electrocardiogram electrodes would be provided. The various sensors and electrodes may be connected to

one or more external devices through connector 108.

[00124] Figure 56 illustrates an embodiment of heat exchanger 101 with inlet and outlet ports. The
heat exchanger 101 comprises proximal neck portion 146 and distal neck portion 134. In this
embodiment, inlet ports 116 are positioned proximate the distal end of heat exchanger 101. Fluid travels
through tube 127 along the arrows shown in the figure. When the fluid reaches the outlet ports 116, fluid
exits tube 127 and enters the heat exchanger 101. The fluid then follows a return path towards a proximal
end of the heat exchanger 101 (i.e., towards proximal neck portion 146) and Ieaves the heat exchanger
101 via outlet ports 150. In this embodiment, outlet ports 150 are formed by providing a circumferential
gap between the proximal neck portion 146 of the heat exchanger 101 and the tube 127. The diameter of
tube 127 is somewhat narrower than the inner diameter of shaft 103 to permit fluid to flow there between
and back towards the fluid outflow 107. Tube 127 is attached via welding or other means to distal neck
portion 146 such that fluid is prevented from escaping the heat exchanger 101 out from the distal neck
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portion 146. Proximal neck portion 146 is attached via welding or other means to shaft 103 such that fluid
is prevented from escaping the heat exchanger 101 and shaft 103.

[00125] Figure 57 illustrates a further embodiment of a heat exchanger 101 with inlet and outlet ports.
In this embodiment, an inner inlet tube 152 and an outer outlet tube 153 are provided. Fluid flows into the
heat exchanger 101 via ports 116. Both the inner inlet tube 152 and the outer outlet tube 153 comprise
ports 116 to allow fluid to pass therethrough. Means are provided to prevent fluid from flowing into the
space between inner inlet tube 152 and outer outlet tube 153. In this embodiment, O-rings 151 are placed
on cither side of ports 116. The O-rings 151 prevent fluid from flowing into the space between the inner
inlet tube 152 and the outer outlet tube 153. Outer outlet tube 153 comprise outlet ports 150. Fluid Ieaving
the heat exchanger 101 flows into the outlet ports 150 and towards a fluid outflow.

[00126] (b) A heat exchanger (a cavity for circulation of fluid). In one embodiment, the cavity is a
balloon — this embodiment will be described in greater detail below. Some embodiments of balloons are
made of a non-compliant material such as Nylon 12 or PET. Alternative balloon embodiments are made

of a compliant material such as Pebax® or urethane.

[00127] (c) Features augmenting contact. To ensure appropriate heat exchange is occurring at the
esophagus, the heat exchanger must maintain adequate contact with the tissue. The heat exchanger having
contract with the esophagus also ensures any heat sensors on the heat exchanger are contacting the inner
surface of the esophagus. The following optional features may be included for augmenting the contact

between the heat exchanger and the tissue:

[00128] (c.1) Controllable heat exchanger size. This feature includes the heat exchanger being
expandable or contractable to fit the size of the esophagus and promote contact with the tissue. The
change in size may be controlled with pressure, such as the internal pressure in a balloon, or external
pressure exerted by the anatomy on the device. Alternately, the size may be controlled with a mechanical
expansion/contraction mechanism, which may further comprise a feedback loop from the forces exerted

on the device (detected via force sensors) to achieve the optimal contact force.

[00129] (c.2) Conformable heat exchanger shape. This feature includes the expansion of the heat
exchanger being constrained in one or more axes, using the balloon desigus outlined above and through
the use of compliant and non-compliant materials, thin films with ties or welds, and shape memory
materials. In alternative embodiments, the heat exchanger is moldable to the esophagus shape through the

use of compliant materials that respond to forces exerted by the tissue.

[00130] (c.3) Anchoring feature. The heat exchange device may have an anchoring feature or features
such as notches, necks, collars, or hooks that allow the device to engage internally with anatomical
features to hold it in place. In alternative embodiments, the device has an anchoring feature such as tape,
Velcro, and straps that allow it to engage externally with other devices such as an endotracheal tube or a

nasal bridle to hold it in place.
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[00131] (c.4) Suction feature. The heat exchange device may incorporate suction to hold the tissue
against the surface of the device to ensure appropriate tissue contact. Tissue suction may also be used to
ensure that tissue is pulled away from the arca where heat is being applied. For example, when esophagus
tissue is pulled towards the heat exchanger, it may be consequently pulled away from the Ieft atrium of

the heart where ablation is taking place.

[00132]  Also, force may be applied to the esophagus or the device to maintain adequate tissue
contact. This may be a force external to the patient, or applied from within the patient from the heat

exchange device, or from another device (for example, by suction feature as described above).

[00133] An additional technique to ensure proper heat exchange is to assess the amount of tissue
contact between the heat exchanger and the tissue at the target site. The heat exchange device may
comprise force sensors to measure the amount of force between the tissue and the heat exchanger. This
force may be used in a feedback loop in communication with the device to maintain optimal force

between the heat exchanger and the tissue.

[00134] Yet another technique to ensure proper heat exchange is to use heat flux sensors to measure
the heat flux at any given part of the tissue at the target site. A greater heat flux measurement represents

greater heat transfer between the tissue and the heat exchanger.

[00135] Balloon Heat Exchanger

[00136] Some embodiments of the heat exchanging fluid device described herein comprise a balloon
heat exchanger 101 (Figure 1). The balloon 101 comprises a cavity for circulation of fluid. Embodiments
of such heat exchange balloons are illustrated in Figures 2, 5-15, 18-24, 26-30, 34-35, and 38-50.

[00137] The inflated cross-sectional shape of such a balloon mimics the natural shape of the inside of
a human esophagus. In its collapsed shape, a human esophagus 109 typically has a cross-section of
around 1.5 - 3cm wide and aronnd 0 - 0.5¢m high (e.g. Figure 2. cross section of esophagus). The balloon
of the invention (e.g. Figure 3. cross section of balloon heat exchanger 101) maintains a cross-section of
similar dimensions in order to make intimate contact with the mucosal layer of the esophagus without
displacing it, i.e., the balloon is expandable but is restrained in one or more axes to reduce forces exerted
on the abutting surfaces of the esophagus (c.g. Figure 4. balloon heat exchanger 101 expanded in
esophagus 109).

[00138] The desired shape of the balloon heat exchanger 101 can be realized in a number of ways. In
one embodiment (see Figures 5-7), at Ieast two cylindrical balloons are abutted and held side-by-side. For
example, if 3 balloons (see Figure 5) with an inflated diameter of Smm are placed side-by-side, the
overall dimensions of the cross-section of the heat exchanger (when expanded) is approximately 15mm
wide and 5mm tall. Thus, both the number of cylindrical balloons and the inflated diameter of the

balloons can be varied to vary the overall dimensions of the cross-section of the heat exchanger.
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[00139] This approach may be used with any number of cylindrical balloons abutted side-by-side. In
some embodiments, these balloons are cylindrical with balloon necks 110 in the middle of the balloon
(Figure 6. balloons with centered necks), or in some other embodiments, with offset balloon necks 110
Iocated away from the center of the balloon (Figure 7. balloons with offset necks). Balloon necks 110
may be in fluid communication with the main body of balloon 128. Balloon necks 110 may be connected

with input ports or output ports to allow fluid flow through the balloon.

[00140] In another embodiment, the desired shape of the balloon is achieved by welding thin films
together. The films may be plastic such as urcthane, or another material that is formable in thin film. In
one embodiment, the films are welded in a serpentine shape. Figure 8 illustrates a serpentine welded
balloon having top and bottom films (when in the orientation of Figure 8) welded together along weld
lines 111. The top and bottom films, when welded, result in a Tumen 149 through which fluid may be

circulated to perform the heat exchange.

[00141] In some embodiments the welding technique is used to add singular or multiple ties inside a
balloon to prevent it from expanding in nndesired axes. Figure 9 shows two examples of welded balloons
with ties with the balloon on the Ieft having a single tie112 and the balloon on the right of the figure
having two lies. Weld Iines 111 weld the ties in place.

[00142] In other embodiments a balloon shape is constrained with welds. Figures 27-28, 30, and 38-
50 feature balloon heat exchangers with a variety of weld patterns. Varying the weld patterns impact the
Iengthwise and widthwise inflatability and rigidity of the balloon as well as the flow of fluid through the
balloon.

[00143] Figures 28 and 42 illustrate balloons with tack welds 126 (or spot welds). The weld pattern in
this embodiment results in multiple fluid flow channels that extend along the Iength and the width of the
balloon. These channels are “open” such that fluid flowing within one channel may flow to another
channel. This allows fluid to flow into any particular area of the balloon, even if the balloon is bent,
folded, or otherwise restricted from freely inflating in that area. These fluid channels allow the balloon to
be more easily inflated and deployed in applications where the balloon is introduced into the esophagus
deflated and wrapped around a central shaft (such as shown in Figure 29) along the balloon’s lengthwise
axis. Also, these embodiments allow the mixing of flow amongst the various fluid channels, which

promotes heat exchange across the entire surface of the balloon.

[00144] The balloon heat exchanger 101 of Figure 27 includes a balloon with a weld line 111 creating
two fluid flow channels. Figures 38, 39, and 40 includes a balloon 101 with two wavy welds creating
three fluid flow channels — the wavy welds in these embodiments creates multiple hinge axis, and each
axis resists hinge-like behavior giving the balloon added widthwise rigidity when the balloon is inflated,
which may be desirable in certain applications. Figure 41 includes a balloon 101 with two weld lines
which are curved at their end. The curved ends correspond with an outer contour of the balloon. By

providing these curves, the cross-sectional area at the ends of the balloon 101 are somewhat reduced,
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thereby reducing the stress on the material when inflated. The embodiments in Figures 27, 38, 39, 40, and
41 each create multiple fluid channels along the length of the balloon such that fluid which is introduced
at one end (¢.g., the distal end) may naturally flow through the channels towards the other end (e.g., the
proximal end). Continuous fluid flow through the length of the balloon enables more efficient heat

exchange as the target area is continuously provided with heated or cooled fluids.

[00145] Figures 43, 44, 45, and 46 illustrate balloons with broken line welds. This desigu enables the
mixing of fluid flow between the lengthwise fluid channels, which may be desirable in applications where
the fluid in a particular channel is being cooled or heated more than the fluid in the other lumens. These
fluid channels are “open” such that fluid from one lengthwise channel may flow to a different lengthwise
channel, the balloon may provide more even heat exchange to an arca of the esophagus that is
experiencing the most extreme temperatures. It also allows the balloon to be more easily inflated within

the esophagus because there are multiple pathways for fluid to flow into a given area of the balloon.

[00146] Figures 47, 48, and 49 illustrate balloons with a chevron pattern. This pattern allows fluid
flow mixing across the fluid flow channels. The diagonal alignment of the welds increases widthwise
rigidity which allows the balloon to be more easily deployed and inflated after being introduced into the
esophagus in applications where the balloon is introduced into the esophagus deflated and wrapped

around a central shaft along the balloon’s lengthwise axis.

[00147] Figure 30 is an exploded view of a balloon 101 before welding. In this embodiment, a pocket
144 is welded in between an anterior balloon surface 147 and a posterior balloon surface 148. This
embodiment of balloon 101 further comprises a distal neck portion 145 and a proximal neck portion 146.
Pocket 144 may comprise temperature sensors, heat flux sensors, force sensors, or other sensors (not
shown). Figure 54 is an exploded view of a further embodiment of balloon 101 before welding. In this
embodiment, three pockets 144 are welded to the outer surface of the anterior balloon surface 147 (i.c.,
the surface closest to the target arca), allowing various sensors to be spread across the width of the
balloon. Weld lines 111 are provided creating three fluid flow channels. Pockets 144 are positioned along
the fluid flow channels. Positioning pockets 144 on the outer surface of the balloon also allows the
sensors to be closer to the target area. Other orientations and combinations of pockets may also be
provided. In yet a further embodiment, Figure 55 depicts a heat exchanger 101 comprising a pocket 144.
Pocket 144 may be formed by attaching a piece of material on the outside of the heat exchanger 101,
thereby creating a pocket 144 adjacent to lumen 149.

[00148] Some alternative embodiments of the heat exchanger 101 have fins or fingers that expand to
the desired shape once inflated. The example of figure 10 includes a welded balloon with fins 113.

[00149] In other embodiments, multiple pockets are welded along the balloon and brought together
with ties to hold the balloon in the desired shape. The figure 11 embodiment of balloon heat exchanger
101 comprises an inner film 131, an outer film 132, and a tiec 112. The inner film 131 and outer film 132

are welded together to form a series of longitudinal pockets 114 (that is, along the length of the balloon).
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Fluid flows through the longitudinal pockets in order to perform heat exchange. Tie 112 is attached
between two sides of an inner diameter of the balloon heat exchanger 101 to produce a desired cross-
sectional shape. In Figure 11, the cross-sectional shape of the balloon heat exchanger is circular. As
previously mentioned, the balloon heat exchanger is more preferably oblong to better conform to the
cross-sectional area of the collapsed esophagus and reduce the resulting displacement of the esophagus.
The length and position of tic 112 may be adjusted to change the shape of the balloon heat exchanger

when it is in its inflated or expanded configuration.

[00150] In addition to using welding to construct balloon heat exchangers, other means known to
those skilled in the art may also be used. For example, other adhesive techniques or blow molding

techniques may be employed.

[00151] In the embodiments where the outer edges of the balloon are welded, sometimes the outer
edges may become sharp. In such cases, an outer balloon 135 without any sharp edges may be provided
and covers the inner welded balloon 101 (see Figure 50). To avoid air or other fluids to be trapped
between the inner balloon and the outer balloon 135, the outer balloon may be perforated or may be
vacuum scaled against the inner balloon. The outer balloon may be constructed by flipping a welded
balloon inside-out, blow molding, or other techniques known to those skilled in the art. A blunt tip 156
may be provided to prevent damage to the body lumen. 1In the embodiment shown in Figure 50, a sheath
152 is also provided for receiving the heat exchanger 101.

[00152] In another embodiment, the outer edges of the welded balloon may comprise small cuts along
the outer edge. By introducing small cuts along the outer edge, the rigid outer edge is rendered soft, and
reduces the likelihood of damage to the esophagus while the balloon is being introduced through the
esophagus. Other techniques may be used to blunt or soften the outer edge, including:

¢ The outer edge may be widened such that the welded outer edge is softened.

¢ The outer edge may be folded over and welded, glued, or bonded to create a rounded outer edge.
o The outer edge may be melted to blunt the outer edge.

¢ Other materials (sprays or dips) may be added to blunt the outer edge.

[001563] Figure 35 illustrates a further embodiment of a balloon heat exchanger 101. In this
embodiment, the balloon 101 comprises a shaping lumen 132 and a heat exchanging lumen 133. The
shaping lumen 132 and heat exchanging lumen 133 are isolated from one another such that fluid in one
lumen does not flow to or from the other. In operation, fluid flows through the heat exchanging lumen
133. The temperature and flow rate of the fluid may be varied to change the rate at which heat is being
exchanged between the heat exchanger 101 and the surrounding environment (i.e., the tissue in the
esophagus when the heat exchanger 101 is inserted therein). In this embodiment, balloon 101 further
comprises a shaping lumen 132. Shaping lumen 132 may be supplied with a separate fluid (e.g., air or

water) which inflates the shaping lumen 132 to its inflated form. Unlike the heat exchanging lumen 133,
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fluid need not flow through the shaping lumen 132 in order for the shaping lumen 132 to perform its
function. Once inflated, it is possible to maintain the shape of the shaping lumen 132 without providing
any fluid flow. Thus, the shape of balloon 101 may be controlled independently from the fluid flow rate
and pressure inside the heat exchanging lumen 133. Those skilled in the art will appreciate that this

allows greater flexibility in varying the parameters to arrive at an appropriate rate of heat exchange.

[00154] Tubular Heat Exchanger

[001565] In another embodiment of the heat exchanger, the cavity for circulation of fluid is an
arrangement of thermally conductive tubes. The tubes are preferably arranged to fill a cross-sectional area

with outside dimensions similar to the collapsed state of a human esophagus.

[00156] In some embodiments, the tubes are arranged in coils. Figure 12 illustrates a tubular heat

exchanger 102 having coils 115. The profile of the tubular heat exchanger 102 of Figure 12 is circular.

[00157] In some embodiments, the tubes are arranged in parallel and in a circular orientation, such as
in the example of tubular heat exchanger 102 figure 13. The tubular heat exchanger 102 of figure 12
includes a number of exposed tubes 129 while alternative embodiments may include separate lumens in a

single tube (not shown).

[00158] In some embodiments, the tubes 129 are arranged in a helix (e.g. Figure 14. Helical-tube heat
exchanger). In Figure 14, each tube 129 is spiral-shaped and is helically arranged adjacent to other spiral-
shaped tubes. 1n the embodiments shown in Figures 13 and 14, heat exchanger 102 further comprise a
pair of end portions 130. Each of the tubes 129 are fixed between the two end portions 130 to maintain

the relative orientation between the tubes.

[00159] Each of the embodiments illustrated in Figure 12, 13, and 14 comprise a circular cross-
sectional profile. More preferably, the cross-sectional profile of the heat exchanger 102 is oblong to better
conform to the cross-sectional area of the inside of a collapsed human esophagus. Examples of such

embodiments are illustrated in Figures 31, 32, and 33.
[00160] Some alternative embodiments have a serpentine-shaped tube, such as shown in figure 15.

[00161] Typically, the surface of the heat exchanger is thermally conductive to facilitate the transfer
of heat at the desired treatment zone. In some examples, the surface is a film substantially thin enough to
allow transfer of thermal energy, ¢.g. with a thickness between around 0.001” to around 0.003”. In some

alternate embodiments, the surface is made of a thermally conductive material, such as metal foil.

[00162] To further promote heat exchange, a thermally conductive gel or coating may be applied to
the heat exchanger, or to the target tissue site. This may fill any gaps that might exist between the tissue

and the heat exchanger.

[00163] Method of Using the Heat Exchanging Fluid Device
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[00164] A method of regulating a temperature of an esophagus when heat or cold is delivered to a left
atrium (Fig. 26) includes the steps of:

(1) measuring the esophagus and selecting a size of a heat exchange device which fits the
esophagus;

(2) delivering the heat exchange device to a target site;

(3) confirming a desired location of the heat exchange device;

(4) exchanging heat with the esophagus;

(5) confirming that the target site is protected; and

(0) retrieving the heat exchange device.

The steps of the method are described in more detail herein below.

[00165] Step 1: measuring the esophagus and selecting a size of a heat exchange device which fits the
esophagus

[00166] The esophagus is measured in order to select the appropriate device size for the patient.
Ways of doing this include:

(a) Using an internal measurement device. One example is a device that expands until optimal
force, impedance, or another parameter indicative of size is measured by the device. Another
technique is inserting a series of devices of different sizes into the esophagus until adequate force,

impedance, or other parameter is measured by the device.

(b) Using imaging, such as fluoroscopy, CT, MRI1, EAM, etc. Measurements of the anatomy can

be taken using methods known to those skilled in these areas of imaging.

(c) Using a combination of internal measurement devices and imaging. For example, inserting
devices of different sizes into the esophagus and viewing them with an imaging modality to
determine proper fit. Another technique is inserting an internal ruler device into the esophagus

and taking measurements with the imaging system.
(d) Estimating the size of the esophagus based on external anatomical features.

[00167] Once the esophagus size is known, the heat exchange device of best fit can be chosen from a

selection of devices that cover the range of most anatomical variations.

[00168] Step 2: delivering the heat exchange device to a target site

[00169] Delivering the heat exchange device to the target site in the esophagus includes inserting
it through a small orifice such as the mouth or nostril, and then advancing the heat exchange device
through tortuous path defined by the esophagus until the heat exchange device is positioned at the
posterior aspect of the left atrium. A number of features enable the heat exchange device to enter a small

orifice.
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[00170] The heat exchanger may be collapsible, foldable, and wrapable such that it can be
delivered through a substantially round hole with a diameter of about 0.2cm to about 0.6¢cm. In one
embodiment, the heat exchanger is a balloon that can be deflated and wrapped or folded around a main
shaft such that it can be delivered to the desired treatment arca through a small orifice. Some
embodiments of the heat exchange device 100 have an outer diameter equal to or less than 18F.

[00171] In an alternate embodiment, the heat exchanger is made of tubes that can be twisted,
pulled, or otherwise re-arranged such that they maintain an outer diameter in the desired range and be
delivered through a small orifice. Alternately, the tubes themselves may collapse when they are

evacuated.

[00172] Alternately, the heat exchange device could have a folding or collapsing metal structure
such as a stent-like configuration (see Figure 20).

[00173] The delivery orifice may be an access point on the patient, such as the nasal or oral
passageway. Alternately, the delivery orifice may be a delivery tube. Once collapsed, the heat exchanger
can be loaded inside the delivery tube, and the delivery tube delivered through an access point on the
patient. Typical embodiments of the heat exchange balloon may be tapered at the ends to promote gradual
dilation of the small orifice. Once in the desired treatment area, the heat exchanger (the balloon) can then
be advanced to exit the tube. Alternately, instead of advancing the heat exchanger (the balloon) out of the

delivery tube, the delivery tube could be retracted to expose the heat exchanger.

[00174] In addition to the above features, the delivery of the heat exchange device may be
augmented by the addition of a lubricious coating on the outside surface of the heat exchange device or

on the inner surface of the small orifice.

[00175] In order to advance the heat exchange device along a tortuous path, the flexibility of the

device may be modifiable with a selection of features:
(a) varying stiffness along the body of the device, and

(b) bend points built into the device. For example, instead of a singular heat exchange balloon
there may be a number of heat exchange balloon in series along the body of the device, with bend
points between them. Alternately, there may be spring-like joints or bendy-straw style joints at

desired bend points along the body of the device.

[00176] To overcome the difficulty of navigating a flexible device along a tortuous path, the heat

exchange and temperature sensing device may have a selection of features:
(a) steerable portions,

(b) weighted portions, and/or
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(c) a stylet that may be removable. The stylet may be super-clastic, have a shape-set memory,
may be steerable, or may change the shape of the heat exchange device as it is advanced and

retracted within.

[00177] To avoid mechanical injury to tissue, the heat exchange device may have features to promote
atranmatic delivery. These features may include floppy portions, tapered ends, soft portions, steerable

portions, and a soft covering sheath.

[00178] If the heat exchange device is collapsed/folded/wrapped, it must be expanded once it
reaches the target location of the esophagus. The heat exchange device may be expanded in a number of

ways:

(a) Expanded with pressure, such as with a balloon or tubes inflated with heat exchange fluid. In
some embodiments, the device may operate at more than one pressure. For example, fluid
provided at a first higher pressure may be used to expand or inflate the balloon or tube. Once the
balloon or tubes have been expanded, the heat exchange device may operate at a lower pressure
so that the balloon or tubes are less rigid. A balloon or tubes which are less rigid are more likely

to make good contact with the esophagus while minimizing displacement of the esophagus.

(b) Expanded with shape memory. The heat exchange device may employ shape memory metals
or polymers that may be expanded into the desired shape through thermal or electrical activation.

(c) Expanded with a mechanical mechamsm, such as with a stent-like configuration.

(d) With any of these expansion methods, the heat exchange device may expand to perforate a

delivery sheath that was holding the folded/collapsed/wrapped portions within.

[00179] Step 3: confirming a desired location of the heat exchange device
[00180] Once the heat exchange device has been delivered to the target site and expanded (if

required) the user confirms that the device is in the correct location. This may be achieved by a number of

means:

[00181] (a) Device visualization relative to known anatomical markers. This can be achieved by
having markers on the device, such as a ruler on the device body, orientation markers on the device body
or handle, electrodes visible on an EAM system, or radiopaque markers on the device body (see item 153
in Figure 29), handle or stylet visible on fluoroscopy. Visualization of markers can be used to confirm the
position and orientation of heat exchange device 100. Markers are located on the heat exchange device
such that they do not interfere with the desired use of the device, for example, located on the posterior

aspect of the heat exchanger.

[00182] (b) Measurement of a physiological parameter. Some embodiments of the heat exchange

device are capable of measuring a physiological parameter indicative of location in the body through the
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use of sensors or clectrodes. Examples of the parameter which may be measured include ECG, tissue

impedance, temperature, blood perfusion rate, oxygen saturation, and others.

[00183] Step 4: exchanging heat with the esophagus

[00184] Option 1: Using a Heat Exchanging Fluid Device

[00185] As discussed above, heat may be exchanged within the esophagus using a heat exchange fluid
device, such as those embodiments described above in the section titled “Heat Exchange Fluid Device”.
In one embodiment, the fluid used in the device is comprised substantially of water. For example, the
fluid may be distilled water or saline. Alternatively, the fluid may be a substance that is not substantially
water, such as an oil based or petroleum product. 1n addition, the fluid may contain additives, for example
a disinfectant, or stabilizer. The temperature, flow rate, and pressure of the fluid is managed through an

external controller which includes a pump.

[00186] In operation, fluid flows through an inlet port into the heat exchanger of the heat exchanging
fluid device and circulates through the body of the heat exchanger. An outlet port is also provided to
allow fluid to flow out of the heat exchanger. Fluid may continuously flow through the heat exchanger so
that there is continuous heat exchange with the esophagus.

[00187] Option 2 for exchanging heat: Open irrigation

[00188] In an alternate embodiment (e.g. figure 25 open irrigation of fluid with suction), the heat
exchange fluid 125 is delivered directly to the desired treatment zone in an open-irrigated system. In one
embodiment, the heat exchange device 100 is connected to an external controller that provides the heat
exchange fluid 125. The fluid is delivered through a fluid spray tube 122 and sprayed circumferentially
toward the endoluminal surface of the esophagus. Fluid is removed using fluid suction tube 123. In
typical embodiments, the tube has multiple holes along its length and around its circumference in order to
deliver an even spray of fluid to the desired treatment zone. In one embodiment, the fluid is allowed to
travel through the esophagus to the stomach. Alternately, in some embodiments, the esophagus is blocked
by an esophageal blocking balloon 124, and the fluid is collected cranial to the blocking balloon 124 and

suctioned from the esophagus.

[00189] A further alternative embodiment is depicted in Figures 51-53. Similar to the embodiment
depicted in Figure 25, heat exchange fluid 125 is delivered directly to the desired treatment zone. The
irrigation heat exchanger 136 delivers heat exchange fluid through an irrigation surface 137 with a series
of irrigation ports 138 from which heat exchange fluid is sprayed. The heat exchanger 136 may further
comprise a proximal blocking balloon 142 and a distal blocking balloon 143 which prevents fluid from
escaping into the stomach or the larynx respectively. The heat exchanger 136 may further comprise a
distal suction component 140 and a proximal suction 141 component which captures fluid after it has
been sprayed from the irrigation ports 138. The heat exchanger 136 may be connected to or integral with
atube 139. Tube 139 may comprise an inlet tube and outlet tube (not depicted) for supplying fluid to and
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removing fluid from the desired treatment zone. The other end of tube 139 may be connected with an

external controller that provides heat exchange fluid 125.
[00190] Option 3 for exchanging heat: Using a thermoelectric heat exchange device

[00191] In some embodiments, the heat exchanger is a Peltier device which may heat or cool the
esophagus with thermoelectric heat exchange. The heat exchange device is connected to an external

controller that powers the Peltier device.
[00192] Option 4 for exchanging heat: using an evaporative cooling device

[00193] An alternate method of cooling the esophagus is to deliver a coolant directly to the
endoluminal surface of the esophagus. In one embodiment, the heat exchange device is connected to an
external controller that provides the coolant. The coolant is sprayed in a mist mixed with a gas such as air
or oxygen to the surface of the esophagus. The coolant rapidly evaporates due to the gas flow. The

esophageal surface is cooled as a result of the evaporation.
[00194] Option 5 for exchanging heat: Using a vortex tube heat exchange

[00195] Some embodiments of the heat exchanger make use of a vortex tube, a mechanical device
that separates a compressed gas into a hot stream and a cold stream. Either stream could be used for heat

exchange, so this type of heat exchanger could be used to either warm or cool the esophagus.

[00196] Option 6 for exchanging heat: Endothermic/Exothermic chemical reaction.

[00197] Step 5: confirming that the target site is protected

[00198] Once the heat exchanger is positioned at the target site and adequate heat exchange is
occurring between the esophagus and the heat exchanger, the user confirms that the tissue is protected.

There are a number of options to make this confirmation:

[00199] (a) Imaging modalities such as MRI or ultrasound may be used to monitor tissue changes in

the esophagus. An absence of lesion growth or tissue changes supports the lack of tissue damage.

[00200] (b) Monitoring a physiological parameter indicative of tissue viability/health. Examples of
physiological parameters may include temperature, tissue impedance, blood perfusion rate, oxygen
saturation, or nerve fnnction (for example vagus or phrenic nerve). Some embodiments of the heat
exchange device comprise a means to measure these parameters. The heat exchange device may be
connected to an external controller that interprets/displays/analyses the signals produced from the heat
exchange device. The measured physiological parameters may be used in a control loop to alert the user
of unsafe levels. The control loop may be connected to the ablation therapy device to stop ablation before
a critical level is reached. The control loop may include a mathematical model of changes in the
physiological parameter that can predict when irreversible damage may occur, and stop the ablation

energy before the dangerous levels are reached.
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[00201] There are a number of options for measuring temperature. The temperature measured may be
one of a number of temperatures, including the temperature of the desired treatment area, or the patient’s
core body temperature. Temperature may be measured by any of a number of sensors, including
thermocouples, thermistors, fiber optics, or by another method such as ultrasound, MRI, infrared, or

microwave radiometry.

[00202] In one embodiment, the means of measuring temperature is affixed to the heat exchange
surface. For example, individual thermocouple pairs, or a flexible circuit containing thermocouples and/or
thermistors, or a fiber optic cable may be affixed to the surface of the heat exchanger with adhesives.
Alternately, the temperature sensors may be spray or dip coated onto the surface of the heat exchanger
with a flexible material such as urcthane. Alternately, the temperature sensors may be laminated onto the
surface of the heat exchange surface with a thin film, or they may be laminated between two thin film
layers, which may then be used to create the heat exchanger. Alternately, the temperature sensors may be
positioned inside pockets welded to the surface of the heat exchanger. When positioned on the surface of
the heat exchanger, the temperature sensors measure the temperature of the desired treatment arca once
the heat exchanger makes contact with the desired treatment arca (¢.g. Figure 18. Temperature sensors
104 affixed to balloon surface of balloon heat exchanger 101).

[00203] In another embodiment, the temperature sensors are drawn onto the surface of the balloon
with conductive ink. For example, the temperature sensors of some embodiments are thermocouples made

by crossing a line of conductive silver ink with a line of conductive nickel ink.

[00204] In another embodiment, the temperature sensors are affixed to the shaft with adhesives,
thermal welding, or another means. For example, a temperature sensor may be added to the distal end of

the shaft, which is positioned in the patient’s stomach to monitor core body temperature.

[00205] In another embodiment, the temperature sensors 104 are mounted on a frame 117 that is
separate from the heat exchanger. For example, the frame 117 may be made of expandable and
collapsible struts that can be deployed around the heat exchanger to measure the temperature of the
desired treatment area (e.g. figure 19 temperature sensors mounted on frame separate from heat
exchanger). The struts may be in one of a number of configurations, such as linear (top of figure 19),
helical (bottom of figure 19), intersecting, or asymmetrical. The struts may be expanded and collapsed
with the use of a mechanical mechanism such as a pull wire. The struts may be made of a number of
materials, for example, a flexible metal such as Nitinol, or a plastic such as Pebax, or a shape memory
alloy or shape memory polymer. The shape memory polymer may be activated to take on the desired
shape by thermal or electrical inputs.

[00206] In another embodiment, the struts may be part of the shaft. The embodiment of Figure 20

includes temperature sensors 104 monnted on struts 118 made from main shaft 103.

[00207] As previously mentioned, the balloon heat exchanger is more preferably oblong to better

conform to the cross-sectional area of the collapsed esophagus and reduce the resulting displacement of
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the esophagus. Accordingly, the embodiments illustrated in Figures 19 and 20 may be provided with a
more oblong cross-sectional shape. For example, Figures 36 and 37 illustrate further embodiments

comprising tubes 129 and temperature sensors 104 which feature a more oblong cross-sectional profile.

[00208] In another embodiment, the temperature sensors 104 are affixed to or woven into a textile 119
(i.e. a fabric material) that surrounds the heat exchanger (e.g. figure 21 temperature sensors affixed to
textile). When the heat exchanger is expanded into its desired shape, the fabric may expand around it,
allowing the temperature sensors to make contact with and measure the temperature of the desired

treatment area.

[00209] In another embodiment, the temperature sensors 104 are affixed to strands 120 connected at
one end of the heat exchanger so that they hang freely about the other end of the heat exchanger. The
example of figure 22 includes temperature sensors 104 affixed to strands 120 which are attached to main
shaft 103. Strands 120 are flexible and atraumatic such that as they are advanced through the esophagus,
the esophagus is not damaged.

[00210] In order to obtain meaningful temperature data, and array of temperature sensors may be
used. The sensors may be positioned in such a way that an algorithm may be used to interpolate the
temperatures between the sensors in order to produce a temperature map of the esophageal surface.
Alternately, a temperature map may be produced using IR or microwave temperature measuring

modalities.

[00211] One concern some users may have with respect to the sensors is what is known as the antenna
effect. There is some published literature indicating that metal clectrodes in the esophagus may promote
thermal injury as a result of electrical or thermal interactions with the ablation catheter. To eliminate this
risk, the electrodes on some embodiments of the heat exchange device are insulated, or made of a non-
conductive material. Alternately, the electrodes may be positioned such that the electrical or thermal
interactions will not affect them, for example, the electrodes may be located on the posterior wall of the
heat exchanger so that the heat exchanger insulates the electrodes from the interactions. 1n addition, filters
may be built into the external device where the signals are interpreted and displayed to eliminate these

interactions.

[00212] Step 6: retrieving the heat exchange device

[00213] After treatment, the heat exchanger is typically collapsed for removal from the patient. In
one embodiment, the heat exchanger is evacuated by pulling a vacuum at the outlet port or the inlet port.
Once evacuated, the heat exchanger can be pulled back through the delivery orifice and removed from the
patient. In alternative embodiments, the heat exchanger is collapsed using a sleeve around the heat
exchanger. This sleeve may comprise a fabric mesh structure, a metal structure, such as a structure similar
to a stent, or a polymer cage. In some embodiments the sleeve is a sheath. In one embodiment, the sleeve
is collapsed using a mechanical mechanism. In another embodiment, the sleeve is collapsed using shape

memory material properties.
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[00214] Once the heat exchanger is collapsed, the heat exchange device may be pulled into the
delivery orifice, or the delivery orifice may be advanced over the heat exchange device. The heat
exchange device may be inverted (inside-out) as it is pulled into the delivery orifice. In some
embodiments of the method, the delivery orifice is the patient’s nose or mouth. In another embodiment,
the delivery orifice is a sheath separate from the device. The sheath may have a telescoping feature. The
sheath may be integrated with the heat exchange device. For example, it may comprise expanding and
contracting struts that are part of the body of the heat exchange device, or it may be a translating portion

of the heat exchange device body.
[00215] Once inside the delivery orifice, the heat exchange device is removed from the patient.

[00216] Patient’s Bodv Core Temperature

[00217] The user may be concerned about affecting the patient’s core body temperature as a result of
exchanging heat in the esophagus. There are a number of optional features and surgical techniques to

mitigate this risk.

[00218] (a) Focus heat exchange at arcas of highest risk. This may be achieved by monitoring a
physiological parameter at different locations on the esophagus and using a control loop in the external

controller to determine the high-risk areas and focus heat exchange in those areas.

[00219] (b) Counteract heat exchange at esophagus with opposite and optionally equal heat exchange
at another body location. This may be achieved by measuring the amount of heat exchanged by the heat
exchange device in the esophagus and using a separate device (such as a warming or cooling blanket) to
exchange an equal and opposite amount of heat at a location distinct from the esophagus. A control loop
may be used to automatically balance the heat exchanged. Alternatively, the heat exchange device may be
used to supply opposite and optionally equal heat exchange while the ablation therapy is not being
applied.

[00220] (c) Only exchange heat at the esophagus while an ablation is being performed. This may be
achieved by a communication link between the ablation therapy device and the heat exchange device. The

heat exchange device is activated only when the ablation therapy is applied.

[00221] (d) Some embodiments of the device may comprise the following insulative features at the

non-therapy areas to minimize overall heat exchange and focus heat exchange only in the target area:
(i) a coating of insulative material,
(ii) an insulating lubricant or gel,
(iii) an air filled lumen or space, or

(iv) an air filled balloon inside (or outside) of the heat exchanger. Figure 23 illustrates a balloon
heat exchanger 101 with an insulating balloon 121 on the inside. Figures 24 and 34 illustrates a
balloon heat exchanger 101 with an insulating balloon 121 on the outside.
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In an ablation procedure, the “non-therapy area” is the side of the esophagus farthest away from the heart.
By insulating the side of the esophagus farthest away from the heart, the heat exchange directed away
from the “non-therapy area” and focused on the target area, which is the side of the esophagus closest to
the heart. Figure 34 illustrates another embodiment of a heat exchanger 101 which comprises an
insulating portion 131. The insulating portion 131 may comprise one or more of an insulating lubricant or

gel, a coating of insulating material, or air.

[00222] (¢) Monitoring core body temperature. The heat exchange device may have a temperature
sensor at a location away from the heat exchange area to monitor core body temperature. For example, in
some embodiments the temperature sensor is at the distal end of the device and is positioned in the
patient’s stomach. A control loop may be used to feedback the patient’s core temperature to the user and
alert the user of dangerous temperatures. Alternately, the control loop could be used to control the amount

of heat being exchanged in the patient.

[00223] (f) Determining a safe heat exchange operating range based on patient characteristics, the bio-
heat equation, and other pertinent information. Some embodiments of the method include monitoring the
amount of heat exchanged by the heat exchange device and confirming that it does not exceed the

calculated safe amount.

[00224] These techniques can be performed during step 4 (figure 26) of the above described method.

[00225] Ablation Therapy
[00226] It is also important that an ablation therapy is not adversely affected by the heat exchange

at the esophagus. To eliminate this risk, the user may monitor lesion growth or a physiological parameter
at the therapy site using methodologies described above. A feedback loop may also be used to maximize
the therapeutic energy delivered while the esophagus is not in danger. This may be achieved by
monitoring a physiological parameter indicative of tissue heath/viability as described above, and using
that data in a control loop to stop or decrease ablative therapy when the esophageal tissue is in danger,
and increase/optimize ablative therapy when the esophageal tissue is not affected. The data may also be
used to focus the heat exchange at high risk areas in the esophagus to minimize the impact on the
therapeutic energy delivery. The data may also be used to decrease or stop the heat exchange during
ablations when the esophagus is not at risk. These techniques can be performed during step 4 (figure 26)
of the above described method.

[00227] Other Steps
[00228] Other additional steps in the method may include pacing the heart and performing a

cardiac EP exam using the heat exchange device. To facilitate these steps, some embodiments of the heat
exchange device comprise pacing and ECG electrodes on the body of heat exchange device. This

technique can be performed during step 3 (figure 26) of the above described method.
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[00229] Injury to an esophagus caused by heat or cold being delivered to the left atrium is prevented
by regulating the temperature of the esophagus using embodiments of a heat exchange device having a
heating/cooling balloon (or sac) which has an inflated cross section corresponding with the
collapsed/relaxed/natural cross section of the inside of the esophagus whereby inflation of the balloon
maintains the esophagus in its natural shape and location and avoids not displacing the esophagus towards
the left atrium. Some alternative embodiments includes altering a configuration of the balloon to conform

to or correspond with the cross section of an esophagus by means other than inflation.

[00230] The embodiments of the invention described above are intended to be exemplary only. The

scope of the invention is therefore intended to be limited solely by the scope of the appended claims.

[00231] 1t is appreciated that certain features of the invention, which are, for clarity, described in the
context of separate embodiments, may also be provided in combination in a single embodiment.
Conversely, various features of the invention, which are, for brevity, described in the context of a single

embodiment, may also be provided separately or in any suitable subcombination.

[00232] Although the invention has been described in conjunction with specific embodiments
thereof, it is evident that many alternatives, modifications and variations will be apparent to those skilled
in the art. Accordingly, it is intended to embrace all such alternatives, modifications and variations that
fall within the broad scope of the appended claims. All publications, patents and patent applications
mentioned in this specification are herein incorporated in their entirety by reference into the specification,
to the same extent as if each individual publication, patent or patent application was specifically and
individually indicated to be incorporated herein by reference. In addition, citation or identification of any
reference in this application shall not be construed as an admission that such reference is available as

prior art to the present invention.
[00233] Examples

[00234] Example 1. A method of regulating a temperature of an esophagus when heat or cold is
delivered to a left atrium comprises altering a heat exchange device from an insertable configuration to a
heat exchanging configuration which substantially conforms and corresponds with a cross-section of an
inside of the esophagus such that the esophagus is substantially maintained in its natural shape and
location whereby the esophagus is substantially not displaced towards the left atrium.

[00235] Example 2. A method of regulating a temperature of an esophagus when heat or cold is
delivered to a left atrium comprises (a) inflating a heat exchange device from an collapsed configuration
to an inflated configuration which substantially conforms and corresponds with a cross-section of an
inside of the esophagus such that the esophagus is substantially maintained in its natural shape and
location whereby the esophagus is substantially not displaced towards the left atrium and (b) regulating
the temperature of the esophagus using the heat exchange device.
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[00236] Example 3. A method of regulating a temperature of an esophagus when heat or cold is

delivered to a left atrium includes the steps of:

[00237] (1) measuring the esophagus and selecting a size a heat exchange device which fits the
esophagus;

[00238] (2) delivering the heat exchange device to a target site;
[00239] (3) confirming a desired location of the heat exchange device;
[00240] (4) exchanging heat with the esophagus;

[00241] (5) confirming that the target site is protected; and

[00242] (6) retrieving the heat exchange device.

[00243] Example 4. The method of example 3, wherein step (1) comprises using imaging such as
fluoroscopy, CT, MR1, or EAM.

[00244] Example 5. The method of example 3, wherein the heat exchange device comprises a balloon
and a main shaft, and the method includes, before step (2), the step of deflating or collapsing the balloon
and wrapping or folding the balloon around the main shaft.

[00245] Example 6. The method of example 3, wherein the heat exchange device comprises a
balloon, and the method includes, before step (2), the step of priming the heat exchange device to replace

air with fluid.

[00246] Example 7. The method of example 3, wherein step (2) comprises advancing the heat

exchange device through a nostril.

[00247] Example 8. The method of example 3, wherein the heat exchange device further comprises

imaging markers and step (2) includes using an imaging system to position the heat exchange device.

[00248] Example 9. The method of example 3, wherein step (2) comprises advancing an outer sheath
with the heat exchange device and pulling back on the outer sheath when the heat exchange device is

positioned to expose the heat exchange device.

[00249] Example 10. The method of example 3, wherein step (3) comprises confirming an
orientation of the heat exchange device relative to a known anatomical marker by imaging of imaging

markers on the heat exchange device.

[00250] Example 11. The method of example 10, wherein the known anatomical marker is the left

atrium.

[00251] Example 12. The method of example 3, wherein step (4) includes begin circulating a heat

exchange fluid through the heat exchange device before heat or cold is delivered to the left atrium.

[00252] Example 13. The method of example 12, wherein step (4) includes stop circulating the heat
exchange fluid through the heat exchange device after heat or cold is delivered to the left atrium.
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[00253] Example 14. The method of example 3, wherein step (5) comprises imaging of a tissue of
the esophagus to determine if the tissue has been changed.

[00254] Example 15. The method of example 3, wherein step (5) comprises monitoring a
physiological parameter which indicates a health factor of a tissue of the esophagus.

[00255] Example 16. The method of example 13, wherein prior to step (6), the method includes

vacuuming the heat exchange fluid from the heat exchange device.

[00256] Example 17. The method of example 9, wherein prior to step (6), the method includes
advancing the outer sheath to cover the heat exchange device, thereby reducing a diameter of the heat

exchange device.

[00257] Example 18. The method of example 3, wherein step (6) includes removing the heat

exchange device from a patient.

[00258] Example 19. A method of monitoring a temperature of a tissue of an esophagus includes (a)
inflating a device from an collapsed configuration to an inflated configuration which conforms and
corresponds with a cross-section of an inside of the esophagus such that the esophagus is maintained in its
natural shape and location whereby the esophagus is not displaced towards a left atrium and (b)

monitoring the temperature of the tissue using sensors on an outside of the device.

[00259] Example 20. The method of example 19, wherein step (b) comprises using sensors on one

side of the device.
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We claim:

1.

A method of regulating a temperature of an esophagus when heat or cold is delivered to a left atrium
comprises altering a heat exchange device from an insertable configuration to a heat exchanging
configuration which substantially conforms and corresponds with a cross-section of an inside of the

esophagus such that the esophagus is substantially maintained in its natural shape and location.

A method of regulating a temperature of an esophagus when heat or cold is delivered to a left atrium
comprises (a) inflating a heat exchange device from an collapsed configuration to an inflated
configuration which substantially conforms and corresponds with a cross-section of an inside of the
esophagus such that the esophagus is substantially maintained in its natural shape and location and (b)
regulating the temperature of the esophagus using the heat exchange device.

A method of regulating a temperature of an esophagus when heat or cold is delivered to a left atrium
comprises the steps of:

(1) measuring the esophagus and selecting a heat exchange device which fits the esophagus;

(2) delivering the heat exchange device to a target site;

(3) confirming a desired location of the heat exchange device;

(4) exchanging heat with the esophagus;

(5) confirming that the target site is protected; and

(0) retrieving the heat exchange device.

The method of claim 3, wherein step (1) comprises using imaging such as fluoroscopy, CT, MR, or
EAM.

The method of any one of claims 3 or 4, wherein the heat exchange device comprises a balloon and a
main shaft, and the method includes, before step (2), the step of deflating or collapsing the balloon

and wrapping or folding the balloon around the main shaft.

The method of claim 3, wherein the heat exchange device comprises a balloon, and the method

includes, before step (2), the step of priming the heat exchange device to replace air with fluid.

The method of claim 3, wherein step (2) comprises advancing the heat exchange device through a

nostril.

The method of claim 3, wherein the heat exchange device further comprises imaging markers and

step (2) includes using an imaging system to position the heat exchange device.

The method of claim 3, wherein step (2) comprises advancing an outer sheath with the heat exchange
device and pulling back on the outer sheath when the heat exchange device is positioned to expose

the heat exchange device.
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The method of claim 3, wherein step (3) comprises confirming an orientation of the heat exchange
device relative to a known anatomical marker by imaging of imaging markers on the heat exchange

device.
The method of claim 10, wherein the known anatomical marker is the left atrium.

The method of claim 3, wherein step (4) comprises begin circulating a heat exchange fluid through

the heat exchange device before heat or cold is delivered to the left atrium.

The method of claim 12, wherein step (4) comprises stop circulating the heat exchange fluid through

the heat exchange device after heat or cold is delivered to the left atrium.

The method of claim 3, wherein step (5) comprises imaging of a tissue of the esophagus to determine

if the tissue has been changed.

The method of claim 3, wherein step (5) comprises monitoring a physiological parameter which

indicates a health factor of a tissue of the esophagus.

The method of claim 13, wherein prior to step (6), the method comprises vacuuming the heat

exchange fluid from the heat exchange device.

The method of claim 9, wherein prior to step (6), the method comprises advancing the outer sheath to

cover the heat exchange device, thereby reducing a diameter of the heat exchange device.
The method of claim 3, wherein step (6) includes removing the heat exchange device from a patient.

A method of monitoring a temperature of a tissue of an esophagus comprises (a) inflating a device
from an collapsed configuration to an inflated configuration which substantially conforms and
corresponds with a cross-section of an inside of the esophagus such that the esophagus is substantially
maintained in its natural shape and location and (b) monitoring the temperature of the tissue using

Sensors.
The method of claim 19, wherein step (b) comprises using sensors on one side of the device.

A method of regulating a temperature of an esophagus when heat or cold is delivered to a left atrium
comprises the steps of:

(1) delivering a heat exchange device to a target site within an esophagus;

(2) confirming a desired location of the heat exchange device;

(3) exchanging heat with the esophagus; and

(4) retrieving the heat exchange device.

The method of claim 21, wherein prior to step (1), the method further comprises the step of

measuring the esophagus and selecting a size of the heat exchange device which fits the esophagus.

The method of claim 21, wherein after step (3), the method further comprises the step of confirming
that the target site is protected.
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A heat exchanging device for regulating a temperature of an esophagus when heat or cold is

delivered to a left atrium of a heart, comprising;

an clongated shaft comprising a distal end and a proximal end, the elongated shaft defining at least a

first lnmen and a second lumen;
a handle attached to the proximal end of the elongated shaft;

a heat exchanger attached to the distal end of the elongated shaft, the heat exchanger comprising a
distal end, a proximal end, and a cavity therebetween, at least a portion of said cavity being in fluid
communication with the first lumen and the second lumen of the elongated shaft, the heat exchanger

comprising an insertable configuration and a heat exchanging configuration,

wherein a cross-section of the heat exchanger in the insertable configuration is smaller than a

cross-section of the heat exchanger in the heat exchanging configuration,

and wherein said cross-section of the heat exchanger in the heat exchanging configuration
substantially conforms to and corresponds with a cross-section of an inside surface of the
esophagus such that the esophagus is substantially maintained in its natural shape and location

when the heat exchanger is in its heat exchanging configuration.

The heat exchanging device of claim 24, wherein the shape of the heat exchanger is constrained by at
least one tie, said tie being attached at one end to a posterior surface of the heat exchanger and at the

other end to an anterior surface of the heat exchanger.

The heat exchanging device of claim 24, wherein the shape of the heat exchanger is constrained by a
weld pattern, wherein the weld pattern comprises at least one weld, wherein said at least one weld
attaches at least part of an anterior surface of the heat exchanger and a posterior surface of the heat

exchanger.

The heat exchanging device of claim 26, wherein the at least one weld is a plurality of welds oriented
such that heat exchange fluid flowing through the heat exchanger is channeled towards a pair of side
edges of the heat exchanger.

The heat exchanging device of claim 27, wherein the plurality of welds are oriented as a series of

consecutive chevrons along the length of the heat exchanger.

The heat exchanging device of claim 24, wherein the heat exchanger comprises at least a pair of
parallel tubular members extending between the proximal end and the distal end of the heat

exchanger, each parallel tubular member defining a lumen for receiving heat exchange fluid.

The heat exchanging device of claim 24, wherein the first lumen comprises a fluid inflow port to

allow heat exchange fluid to flow into said heat exchanger.

The heat exchanging device of claim 30, wherein the fluid inflow port is proximate a distal end of

said heat exchanger.
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The heat exchanging device of claim 24, wherein the second lumen comprises a fluid outflow port to

allow heat exchange fluid to flow out of said heat exchanger.

The heat exchanging device of claim 32, wherein the fluid outflow port is proximate a proximal end

of said heat exchanger.

The heat exchanging device of claim 24, wherein the heat exchanger comprises an anterior surface
and a posterior surface, wherein the anterior surface is positioned proximate an anterior wall of the
esophagus and the posterior surface is positioned proximate a posterior wall of the esophagus, and
wherein the posterior wall comprises a heat insulating layer for insulating the posterior wall of the

esophagus from heat exchange fluid circulating through the heat exchanger.

The heat exchanging device of claim 24, wherein the heat exchanger further comprises temperature

sensors for measuring the temperature of a target site within the esophagus.

The heat exchanging device of claim 24 further comprising at least two radiopaque markers, one of
said at least two radiopaque markers being positioned adjacent the proximal end of the heat
exchanger, and one of said at least two radiopaque markers being positioned adjacent the distal end of

the heat exchanger.

The heat exchanging device of claim 24 further comprising force sensors attached to the heat

exchanger for determining the amount of force being applied by the heat exchanger to the esophagus.

The heat exchanging device of claim 24 further comprising at least two electroanatomic mapping
electrodes for determining the position of the heat exchanger relative to a target therapy site, one of
said at least two electrodes being positioned adjacent the proximal end of the heat exchanger, and one

of said at least two clectrodes being positioned adjacent the distal end of the heat exchanger.

The heat exchanging device of claim 24 further comprising at least one pacing electrode for

delivering a pacing signal to the heart.

The heat exchanging device of claim 24 further comprising at least one electrocardiogram electrode

for detecting electrocardiogram signals.

The heat exchanging device of claim 24 further comprising an outer sheath, wherein the outer sheath
is movable between a first position and a second position, wherein when the outer sheath is in the first
position, the heat exchanger is within the outer sheath, and when the outer sheath is in the second

position, the heat exchanger is exposed.

The heat exchanging device of claim 24, wherein the cross-sectional shape of the heat exchanger is
substantially oblong.

The heat exchanging device of claim 24 further comprising an outer balloon surrounding the heat

exchanger.

The heat exchanging device of claim 24, wherein the handle further comprises:
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a fluid inflow counector in fluid communication with the first lumen for counection with a heat

exchange fluid source; and

a fluid outflow connector in fluid communication with the second lumen for counection with a heat

exchange fluid return repository.
The heat exchanging device of claim 44, wherein heat exchange fluid is circulated in a closed loop.

The heat exchanging device of claim 44, wherein the heat exchange fluid is circulated in an open

loop.

The heat exchanging device of any one of claims 24-45, wherein the heat exchanger is comprised of

at least one balloon.

A heat exchanging device for regulating a temperature of an esophagus when heat or cold is

delivered to a left atrium of a heart, comprising:

an clongated shaft comprising a distal end and a proximal end, the elongated shaft defining at least a

first lnmen and a second lumen;

a heat exchanger attached proximal to and spaced apart from the distal end of the elongated shaft, the
heat exchanger comprising a distal end, a proximal end, and a cavity therebetween, at least a portion
of said cavity being in fluid communication with the first lumen and the second lumen of the
clongated shaft, the heat exchanger comprising an insertable configuration and a heat exchanging

configuration,

wherein a cross-section of the heat exchanger in the insertable configuration is smaller than a

cross-section of the heat exchanger in the heat exchanging configuration, and

wherein said cross-section of the heat exchanger in the heat exchanging configuration
substantially conforms to and corresponds with a cross-section of an inside surface of the
esophagus such that the esophagus is substantially maintained in its natural shape and location

when the heat exchanger is in its heat exchanging configuration.

The heat exchanging device of claim 48 further comprising a temperature sensor attached to the distal

end of the elongated shaft for measuring a core body temperature.

The heat exchanging device of claim 48, wherein the shape of the heat exchanger is constrained by at
least one tie, said tie being attached at one end to a posterior surface of the heat exchanger and at the

other end to an anterior surface of the heat exchanger.

The heat exchanging device of claim 48, wherein the shape of the heat exchanger is constrained by a
weld pattern, wherein the weld pattern comprises at least one weld, wherein said at least one weld
attaches at least part of an anterior surface of the heat exchanger and a posterior surface of the heat

exchanger.
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The heat exchanging device of claim 51, wherein the at least one weld is a plurality of welds oriented
such that heat exchange fluid flowing through the heat exchanger is channeled towards a pair of side
edges of the heat exchanger.

The heat exchanging device of claim 52, wherein the plurality of welds are oriented as a series of

consecutive chevrons along the length of the heat exchanger.

The heat exchanging device of claim 48, wherein the heat exchanger comprises at least a pair of
parallel tubular members extending between the proximal end and the distal end of the heat

exchanger, each parallel tubular member defining a lumen for receiving heat exchange fluid.

The heat exchanging device of claim 48, wherein the first lumen comprises a fluid inflow port to

allow heat exchange fluid to flow into said heat exchanger.

The heat exchanging device of claim 55, wherein the fluid inflow port is proximate a distal end of

said heat exchanger.

The heat exchanging device of claim 48, wherein the second lumen comprises a fluid outflow port to

allow heat exchange fluid to flow out of said heat exchanger.

The heat exchanging device of claim 57, wherein the fluid outflow port is proximate a proximal end

of said heat exchanger.

The heat exchanging device of claim 48, wherein the heat exchanger comprises an anterior surface
and a posterior surface, wherein the anterior surface is positioned proximate an anterior wall of the
esophagus and the posterior surface is positioned proximate a posterior wall of the esophagus, and
wherein the posterior wall comprises a heat insulating layer for insulating the posterior wall of the

esophagus from heat exchange fluid circulating through the heat exchanger.

The heat exchanging device of claim 48, wherein the heat exchanger further comprises temperature

sensors for measuring the temperature of a target site within the esophagus.

The heat exchanging device of claim 48 further comprising at least two radiopaque markers, one of
said at least two radiopaque markers being positioned adjacent the proximal end of the heat
exchanger, and one of said at least two radiopaque markers being positioned adjacent the distal end of

the heat exchanger.

The heat exchanging device of claim 48 further comprising force sensors attached to the heat

exchanger for determining the amount of force being applied by the heat exchanger to the esophagus.

The heat exchanging device of claim 48 further comprising at least two electroanatomic mapping
electrodes for determining the position of the heat exchanger relative to a target therapy site, one of
said at least two electrodes being positioned adjacent the proximal end of the heat exchanger, and one

of said at least two clectrodes being positioned adjacent the distal end of the heat exchanger.
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The heat exchanging device of claim 48 further comprising at least one pacing electrode for

delivering a pacing signal to the heart.

The heat exchanging device of claim 48 further comprising at least one electrocardiogram electrode

for detecting electrocardiogram signals.

The heat exchanging device of claim 48 further comprising an outer sheath, wherein the outer sheath
is movable between a first position and a second position, wherein when the outer sheath is in the first
position, the heat exchanger is within the outer sheath, and when the outer sheath is in the second

position, the heat exchanger is exposed.

The heat exchanging device of claim 48, wherein the cross-sectional shape of the heat exchanger is
substantially oblong.

The heat exchanging device of claim 48 further comprising an outer balloon surrounding the heat

exchanger.
The heat exchanging device of claim 48, wherein the handle further comprises:

a fluid inflow counector in fluid communication with the first lumen for counection with a heat

exchange fluid source; and

a fluid outflow connector in fluid communication with the second lumen for counection with a heat

exchange fluid return repository.
The heat exchanging device of claim 69, wherein heat exchange fluid is circulated in a closed loop.

The heat exchanging device of claim 69, wherein the heat exchange fluid is circulated in an open

loop.

The heat exchanging device of any of claims 48-71, wherein the heat exchanger is comprised of at

least one balloon.

A heat exchanging device for regulating a temperature of an esophagus when heat or cold is

delivered to a left atrium of a heart, comprising:

an clongated shaft comprising a distal end and a proximal end, the elongated shaft defining at least a

first lumen, a second lumen, and a third lumen,;

a heat exchanger attached proximal to the distal end of the elongated shaft, the heat exchanger
comprising a distal end, a proximal end, and a cavity therebetween, the cavity defining a shaping
lumen and a heat exchange lumen, the heat exchange lumen being in fluid communication with the
first lumen and the second lumen of the elongated shaft, the shaping lumen being in fluid
communication with the third lumen of the elongated shaft, the heat exchanger comprising an

insertable configuration and a heat exchanging configuration,
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wherein a cross-section of the heat exchanger in the insertable configuration is smaller than a

cross-section of the heat exchanger in the heat exchanging configuration, and

wherein said cross-section of the heat exchanger in the heat exchanging configuration
substantially conforms to and corresponds with a cross-section of an inside surface of the

esophagus such that the esophagus is substantially maintained in its natural shape and location.

The heat exchange device of claim 73, wherein the third lumen of the elongated shaft allows fluid
flow into the shaping lumen of the heat exchanger to inflate the heat exchanger from the insertable
configuration to the heat exchanging configuration.

The heat exchanging device of claim 73, wherein the first lumen comprises a fluid inflow port to

allow heat exchange fluid to flow into said heat exchanger.

The heat exchanging device of claim 75, wherein the fluid inflow port is proximate a distal end of

said heat exchanger.

The heat exchanging device of claim 73, wherein the second lumen comprises a fluid outflow port to

allow heat exchange fluid to flow out of said heat exchanger.

The heat exchanging device of claim 77, wherein the fluid outflow port is proximate a proximal end

of said heat exchanger.

The heat exchanging device of any of claims 73-78, wherein the heat exchanger comprises an anterior
surface and a posterior surface, wherein the anterior surface is positioned proximate an anterior wall
of the esophagus and the posterior surface is positioned proximate a posterior wall of the esophagus,
and wherein the posterior wall comprises a heat insulating layer for insulating the posterior wall of

the esophagus from heat exchange fluid circulating through the heat exchanger.

The heat exchanging device of any of claims 73-78, wherein the heat exchanger further comprises

temperature sensors for measuring the temperature of a target site within the esophagus.

The heat exchanging device of any of claims 73-78 further comprising at least two radiopaque
markers, one of said at least two radiopaque markers being positioned adjacent the proximal end of
the heat exchanger, and one of said at least two radiopaque markers being positioned adjacent the

distal end of the heat exchanger.

The heat exchanging device of any of claims 73-78 further comprising force sensors attached to the
heat exchanger for determining the amount of force being applied by the heat exchanger to the
esophagus.

The heat exchanging device of any of claims 73-78 further comprising at least two electroanatomic
mapping electrodes for determining the position of the heat exchanger relative to a target therapy site,
one of said at least two electrodes being positioned adjacent the proximal end of the heat exchanger,

and one of said at least two clectrodes being positioned adjacent the distal end of the heat exchanger.
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The heat exchanging device of any of claims 73-78 further comprising at least one pacing clectrode

for delivering a pacing sigual to the heart.

The heat exchanging device of any of claims 73-78 further comprising at least one electrocardiogram

electrode for detecting electrocardiogram signals.

The heat exchanging device of any of claims 73-78 further comprising an outer sheath, wherein the
outer sheath is movable between a first position and a second position, wherein when the outer sheath
is in the first position, the heat exchanger is within the outer sheath, and when the outer sheath is in

the second position, the heat exchanger is exposed.

The heat exchanging device of any of claims 73-78, wherein the cross-sectional shape of the heat

exchanger is substantially oblong.

The heat exchanging device of any of claims 73-78 further comprising an outer balloon surrounding

the heat exchanger.
The heat exchanging device of any of claims 73-78, wherein the handle further comprises:

a fluid inflow counector in fluid communication with the first lumen for counection with a heat

exchange fluid source;

a fluid outflow connector in fluid communication with the second lumen for counection with a heat

exchange fluid return repository; and

a shaping lumen counector in fluid communication with the third lumen for counection with a

shaping fluid source.
The heat exchanging device of claim 89, wherein heat exchange fluid is circulated in a closed loop.

The heat exchanging device of claim 89, wherein the heat exchange fluid is circulated in an open

loop.

The heat exchanging device of any of claims 73-91, wherein the heat exchanger is comprised of at

least one balloon.

A heat exchanging device for regulating a temperature of an esophagus when heat or cold is

delivered to a left atrium of a heart, comprising:

an clongated shaft comprising a distal end and a proximal end, the elongated shaft defining at least a

first lumen, and a second lumen; and
a heat exchanger attached proximal to the distal end of the elongated shaft, the heat exchanger
comprising:

a distal end, the distal end comprising a distal blocking member which in one configuration is
dimensioned to substantially conform to and correspond with a cross-section of an inside surface

of the esophagus such that the esophagus is substantially maintained in its natural shape;
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at least one irrigation port for dispensing heat exchange fluid within the esophagus, the first

lumen being in fluid communication with the at least one irrigation port;

at least one suction port for removing heat exchange fluid, the second lumen being in fluid

communication with the at least one suction port;

wherein, in use, heat exchange fluid dispensed from the at least one irrigation port is prevented from

advancing past the distal blocking member to a stomach.

The heat exchanging device of claim 55, further comprising a proximal blocking member which in
one configuration is dimensioned to substantially conform to and correspond with a cross-section of
an inside surface of the esophagus such that the esophagus is substantially maintained in its natural
shape and location, wherein the proximal blocking member is positioned proximate a proximal end of
the heat exchanger, and whereby heat exchange fluid is prevented from advancing past the second

blocking member to a larynx.

The heat exchanging device of claim 56, wherein the heat exchanger further comprises an insertable
configuration and a heat exchanging configuration, wherein a cross-section of the heat exchanger in
the insertable configuration is smaller than a cross-section of the heat exchanger in the heat

exchanging configuration.

The heat exchanging device of claim 57, wherein the proximal blocking member and the distal
blocking member are inflated to provide the heat exchanging configuration, and deflated to provide
the insertable configuration.
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