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METHODS AND APPARATUS FOR TREATMENT OF A BODY CAVITY OR
LUMEN

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of priority to U.S. Prov. 61/217,537
filed June 1, 2009; 61/277,770 filed Scptember 30, 2009; and 61/337,648 filed February

11, 2010, each of which is incorporated herein by reference in its cntircty.

FIELD OF THE INVENTION
10002] The present invention relates to medical devices. In particular, the present
invention relates to methods and apparatus for therapeutic devices capable of exposing

arcas of the body to clevated or decrcased temperatures, in a highly controlled manner.

BACKGROUND OF THE INVENTION
{0003} In the last few decades, therapeutic intervention within a body cavity or
lumen has developed rapidly with respect to delivery of energy via radiofrequency
ablation. While successful in sévcral arcnas, radiofrequency ablation has several major
downsides, including incomplecte ablation, frequent lack of visualization during cathcter
insertion, potential for overlap during treatment (with some areas r¢ccfving twice as much
encrgy as other arcas), charring of tissues and requirements for frequent debridement,
frequent requirements for additional doses of energy after debridement, and potential
perforation of the body cavity or lumen due to the rigidity of the RF electrodes.
[0004] The current state of the art would benefit from minimally invasive devices
and methods which deliver thermal energy to a desired arca or cxtract encrgy from a
desired area, in a consistent, controlled manner that does not char or freeze tissucs or

crecate excessive risk of unwanted organ or lumen damage.

SUMMARY OF THE INVENTION
[0005] When bodily tissucs are exposed to cven slightly clevated temperatures
(c.g., 42 degrees C or greater), focal damage may occur. If the tissues are exposed to
temperatures greater than, e.g., 50 degrees C, for an extended period of time, tissue death
will occur. The encrgy delivered by RF can then be excessive while a more controlled

trcatment can be achicved with heated fluids and/or vapors.
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[0006] Generally, devices for delivering controlled treatment may comprise a
source for a heated fluid and/or gas, ¢.g., hot water/stcam, onc or more pumps to deliver
said hot water/stecam, a catheter héving one or more lumens defined therethrough and also
having one or morc ports to deliver or circulate the heated fluid and/or gas, e.g., hot water
and/or vapor, to a controlled site in a controlled manner. The catheter may also have
optional pressure sensing clements. The optional pressurc sensing clements may allow
the operator to monitor and/or control the pressurc within the treatment zone and also
prevent the pressure from becoming too high. The treatment site may be delineated by
inflatable or expandable members which are pressurized or expanded to a target pressure
to form a scal with the body cavity/lumen. The heated fluid and/or gas may then be
delivered to the area contained by the inflatablc/expandable members at a pressure that is
less than that of the inflatablie/expandable members thercby effectively containing the
treatment area between these inflatable/expandablec members. Optionally, a chilled or
room temperature fluid such as water may then be used to rapidly terminate the treatment
scssion.

[0007] The catheter having the inflatable/expandable members and optional
pressurc-sensing elements may be fitted within the lumen of an endoscope or other
visualization device allowing the therapy to be delivered under direct visualization. In
addition to direct visualization, this advance atlows the scope to function as an insulator
for the treatment catheter, thereby preventing unwanted exposure of body cavitics/lumens
to the clevated temperatures found in the heated fluid and/or gas coursing within the
trcatment catheter. _

[0008] Generally, the heated fluid and/or gas may be heated to a temperature of
between, ¢.g., 50 and 100 degrees Celsius. Exposure to these less clevated tcmbcraturcs
ay allow for more controlled tissue damage and may obwviate issucs typically associated
with the higher energy forms of treatment. It is understood and known in the art that the
lower the temperature, the longer the dwell/treatment time needed. One treatment
mddality may be to deliver the heated fluid and/or gas at a temperaturce of, ¢.g., about 70
degrees C for 5 minutes. Another modality may be to treat the tissue with the heated fluid
and/or gas at a temperature of, c.g., 90 degree C for 30 secs.

[0009] Among other features, the system may also include 1) the ability to
thoroughly treat the treatment area due to the usc of confining balloon(s) and/or usc of an
umbrella-like scal and usc of a pressurized heated fluid and/or gas as the cnergy delivery
medium, 2) the ability to trcat relatively large areas in a very controlled manner due to the
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adjustable relationship between the two treatment-arca defining inflatablc/cxpandable
components (¢.g. balloon(s) and/or an umbrella-like seal), 3) the ability to form a fluid
and/or gas-tight scal between the balloon(s) (and/or an umbrella-like scal) due to the
catheter for the distal balloon traveling within the lumen of the proximal balloon catheter
(avoidance of lcakage around the catheters that the balloons can scal about), 4) the
optional ability to monitor and control the pressure within the treatment area to cnsure
that the trcatment area is not cxposed to excessive pressures and that the pressure in the
treatment area is prohibited from exceedihg a pressure of the treatment area defining
balloons, 5) the ability to ablate to a controlled depth in a reliable manncr due to the lower
energy and longer exposure times which allow the submucosa to cool itself with
incoming blood flow, 6) the optional ability to fit within a working channel of an
endoscope so that the device need not be inserted in a blind manner, 7) the ability to
combine thermal or cooling therapy with delivery of active agents (e.g., anesthetic for
pre-treatment of the target area or a chemotherapeutic for the treatment cancer or
precancerous lesions, ctc.), 8) the ability to fill the treatment defining arca with fluid (c.g.
cool, warm or room temperature fluid) capable of neutralizing the thermal or cooling
energy in the treatment area in order to prevent potential damage caused by balloon
rupture or secpage around the balloon and/or cxpandable member, 9) the ability to pre-
chill (or pre-warm) the trcatment arca so that the submucosal tissues can be protected
against the elevated (or cooling) temperature to which the lumen or bodily organ is being
exposcd, 10) the ability to adjust the trcatment temperature time and/or temperature, 11)
the ability to have modular, automated or semi-automated components and controls for
handling the cooling, heating, inflations, deflations, infusions and/or extractions, 12) the
ability to treat through the working channel of an endoscope or alongside an endoscope,
13) the ability to treat through a variety of endoscopes, €.g. nasal, gastrointestinal,
csophageal, ctc., 14) the ability to use off-the-shelf and/or disposable components to

handle the fluid and pressure controls, or to use an automated or semi-automated system.

. [0010] Additionally, the systcm may also incorporate featurcs that may allow for

efficacious therapy. For cxample, the system may utilize a sub-zero degrees Celsius
tempcrature fluid lavage. This cold lavage may allow for much better control than
charring and hcating of the tissue and instcad may provide a consistent depth of ablation
in a manner that allows for rapid recovery and minimal post-operative pain (as opposed to
heating methods). In addition, by using lavage of a fluid rather than cryogenic sprays

(e.g., sprays which rely on the judgment of the user for determining time of spray
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application or spray location, etc.), the potential for over-ablation may be avoided. Also,
the relatively colder cryogenic sprays have been found, in many cases, to result in damage
to the endoscope while the higher temperatures possible with fhc_system described herein
(c.g., anywhere from -5 degrees Celsius to -80 degrees Celsius) is much less likely to
damage the dclivery equipment.

[0011] Sccondly, the apparatus may utilize én umbrella-like element in the gastric
space to allow for ablation of tissue regions, such as the lower esophageal sphincter at the
gastroesophageal junction. This ablation is generally difficult to perform using balloon-
based ablation technologics duc to the expansion of the sphincter into the stomach. By
utilizing an expandable, umbrella-like structure to form a firm seal at this site while
allowing the ablation fluid and/or gas (hcated or chilled) to contact the entire
gastrocsophageal junction. In addition, a spring-loaded clement or other cxternal force
mechanism may be incorporated to provide for steady pressure and a firm scal against the
stomach lining.

[0012] The apparatus may also be utilized with or without a balloon in body
lumens or cavities that can be otherwise sealed. For example, a hypothermic fluid lavage
of the uterus may be accomplished by introducing a subzcré (Celsius) fluid into the uterus
via cannulation of the utcrus with a tube or cannula. If the tube is of sufficient diameter,
backflow of the hypothermic lavage into the cervix and vagina may be prevented without
the need for a balloon to contain the fluid. Usc of balloons may be avoided for this
particular type of application. In utilizing a hypothermic lavage, a fluid may be uscd that
remains fluid cven at subzero temperatures. This fluid may then circulated in the lumen
(with or without a balloon) in order achicve ablation.

[0013] In using a hypothermic fluid rather than a gas, a greater thermal load can
be repeatedly extracted from the tissue under controlled physiologic conditions using a
liquid beyond the thermal load which may be extracted using a compressed gas. In
addition, the pressure associated with release of a compressed gas into an excluded space
may potentially damage tissuc and may be difficult to control with respect to pressurc and
temperature. A fluid lavage, on the other hand, may be controlled based on temperature
and pressurc to provide a repeatable cffect on the target organ. Compressed gas or other
rapid cooling mechanisms, though, may be utilized in combination with this therapy in
order to chill a solution to subzcro temperatures after introduction into the body. In this
variation, the biocompatible fluid capable of rctaiﬁing fluid characteristics in a subzcro
state, or “anti-freeze solution”, may be infused into the lumen or cavity after which the
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cooling p.robe may be introduced. Heat may be drawn from the anti-freeze solution until
the desired hypothermic ablation temperature has been achieved for the desired duration
of time. Fluid may or may not be circulated during this process via a pump or agitating
clement within the catheter in order to improve distribution of the ablative fluid.

[0014] In yct another variation, the trcatment fluid may function to cxpand the
utcrus for consistent ablation, function to distribute the cryoablative freezing more evenly
throughout the uterus, and potentially function to prevent ice formation at the surface of
the lumen or body cavity. In the uterus, for example, this layer of ice that may form on
the surface of the endometrium is highly insulating and may prevent transmission of the

cryoablative frecze zone to decper surfaces requiring a fonger treatment with potentially

“crratic effects. The apparatus may be used with, for cxample, lipophilic, hydrophilic or

amphipathic solutions with the latter two being having the ability to remove any aqucous
fluid from the surface of the target cavity or lumen which may interferc with conduction
of the heat from the target tissues into the cryoablative fluid. -

[0015] Additionally and/or alternativcly, the apparatus and methods described
herein may be used as an adjunct to other treatments, such as the Her Option® therapy -
(American Medical Systems, Minnetonka, MN), by utilizing a lavage of the target cavity
or lumen such as the uterus with the aqueous anti-frecze solution cither prior to or during
treatment in order to provide superior transmission of cryoablation with other existing
cryoprobes without creation of the insulating ice layer at the surface. Moreover, lavage of
the target lumen or cavity with a biocompatible antifrecze solution may be performed to
improve transmission of the cryoablative cffect as an adjunct to any cryotherapy
trcatment anywhere in the body where applicable. As described herein, the cryoablative
fluid may also be introduced and/or lavaged within the target lumen or body cavity within
a balloon which may be expanded to contact the walls of the lumen or body cavity. The
cryoablativc treatment fluid may be actively lavaged in and out of the balloon and/or
deeply chilled by a cryoprobe within the balloon after introduction into the body cavity or
lumen. Moreover, the anti-freeze solution may also comprise various salts and/or other
biocompatible molecules capable of driving the freczing temperature of the solution
below, e.g., -10 degrees Celsius. Additionally, the fluid may be capable of resisting
freezing even at a temperature of, ¢.g., -50 degrecs Celsius. A combination of salts,
alcohols, glycols and/or other molecules may be used to provide this resistance to

freczing in an aqucous solution.
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[0016] In yet another variation, a cryoprobe with, e.g., a protcctiAvc cage and/or a
recirculator/fluid agitator, may be utilized to ensure that the hypothermic fluid is cvenly
distributed. The cage may be configured into various forms so long as it exposes the fluid
to the surfacc of the cryoprobe while preventing direct contact of the cryoprobe with the

S wall of the lumen or cavity to be ablated (such as a uterus). A recirculator may comprisc,
e.g., a stirring clement at the tip of the cryoprobe, an intermittent or continuous flow

system or other fluid movement mechanism.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017} For the purposcs of the drawings and preferred cmbodimcn(s, application

10 to.the esophagus will be shown. However, the apparatus and methods may be applied to
any body cavity/lumen which may be visualized with an endoscope or other visualization
mechanism.
|0018] Figure 1 shows an example of a device advanced through an endoscope,
¢.g., a nasally or orally inscrted scope.

15 [0019] Figure 2 shows an example of a device advanced through the working
channel of nasal endoscope.

10020} Figure 3 shows an example of a device attached to a logic controlier.
[0021} Figure 4 shows an example of a device placed through working channel of
nasal endoscope and deployed within an esophagus for trcatment.

20 [0022] Figurc 5 shows an cxamplc of a device advanccd alongside an endoscope.
[0023] Figures 6A to 6C show a device being introduced through an endoscope
and deployed for treatment within the esophagus. ‘

[0024] Figurcs 7A to 7C show cxamples of a device introduced through an
endoscope for inscrtion within a bladder.

25  [0025] Figurcs 8A to 8C show cxamples of a device preparing the trecatment arca
with a pre-treatment lavage prior to trcatment.

[0026] Figurc 9 shows an cxample of a distal occlude having an umbrella-like
shape deployed in proximity to a gastroesophageal junction for treatment.
[0027] Figure 10 shows another cxample of an endoscopic balloon sheath having

30  adistal occluder expanded distal to gastrocsophageal junction for trcatment.

[0028] Figurc 11 shows another cxample where the treatment fluid is introduced

between the deployed balloons for treatment.
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10029} Figures 12A and 12B shows another example of a single balloon device

for ablation treatment within the uterus and/or cndometrial lining.

DETAILED DESCRIPTION OF THE INVENTION
[0030] Figure 1 shows a perspective view of one example of the treatment
asscmbly 10 positioned within a working chémncl 14 of an endoscope 12 (c.g., orally or
nasally insertablc scopc). In this example, the treatment device 16 itself may utilize a
first catheter 18 having an inflatable or expandable balloon member 22 and a second
catheter 20 fhat may slide freely with respect to the first catheter 18 and also having an
inflatablc balloon member 24 at its distal ecnd. The first catheter 18 as well as sccond
catheter 20 may have a fluid and/or gas tight scal 30 formed at the proximal end of the
cathcters. The inflatable and/or expandable members 22, 24 (shown in this example as
inflated balloons) may be pressurized to effectively and safely occlude the lumen. The
balloons may be filled with chilled or room temperature fluid to prevent possible damage
caused by balloon rupture or scepage around the balloon. Pressurc within the inflatable
or. expandable balloon members may also be monitored to ensure that a tight seal has
been formed within the lumen or body cavity.
[0031] Additionally, the fluid may be introduced into the treatment area through a
fluid and/or gas port 28 and into the lumen of the catheter which terminates with the
proximal balloon 22 and Icaves-the catheter through perforations or holes 32 within the
sccond catheter 20 which terminates in the distal balloon 24, although this flow path may
casily be reversed if necessary. Altcrnatively, onc or more ports can be designed into the
lumen between the distal 24 and proximal 22 balloons, such that the heated or cooling
fluid cxits onc or more ports 32 in the lumens near the distal balloon 24, and is then
cvacuated in a port or ports designed within the lumen of the first catheter 18 nearcest the
proximal balloon 22, In this variation, the cndoscope 12 may insulate the catheters
allowing the cathcters to be much smaller than would be otherwise possible and allowing
it to fit within thc working channel 14 of a standard endoscopc 12. Onc or more pressure
sensors may be used to detect both inflation pressures of the balloons and/or the pressure
seen by the body cavity/lumen that is exposed to the treatment fluid/vapor. In the
manner, fluid/vapor flow may be controlled by the pressure sensing clements within the
body cavity/lumen to cnsurc that safe pressures arc never exceeded. Manual controls may

be used for creation and/or maintenance of these pressures (e.g. syringes with stopcocks)
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or automated and/or semi-automated systems can be used as well (e.g. pumps with PID
loops and pressurc sensing interconnectivity. Although the fluid and/or gas for tissuc
trcatment may be heated or chilled prior to introduction into the treatment arca in contact
with the tissuc, the fluid and/or gas may alternatively be heated or chilled after

S5 introduction into the trcatment arca and alrcady in contact with the tissuc.
[0032] " F igurc 2 shows an example where the second catheter 20 and distal
balloon member 24 is slidable relative to the proximal balloon 22. This examples
illustrates the endoscope inserted through the nasal cavity and advanced through the
esophagus ES where the catheters 18, 20 may comprise single or multi-lumen catheters

10 having inflation lumens for the distal 24 and proximal 22 inflatable/expandable elements,
infusion port and cxtraction port. At lcast one of the catheters may be fitted with cither a
pressurc transduccr 42 or a lumen to carry the pressure signal from the trcatment arca
back to the controller or dial gauge. Pressure sensing may be accomplished through a
small, air capsulc proximal to the distal balloon 24, but within the trecatment arca. Both of

15 the balloons 22, 24 may be inflated along the csophagus ES in the proximity to the
gastroesophageal junction GJ proximal to the stomach ST to create a treatment space 40
which encompasses the tissue region to be treated.

[0033] In an alternative embodiment, an extraction lumen may be omitted as a
preset dosc of heated fluid and/or gas may be delivered, allowed to dwell and then cither

20 extracted through the same lumen or rendered harmiess With the infusion of cold fluid.
This trecatment algorithm would providcuan even simpler therapy and would rely on the
cxclusion of a ccrtain area and exposurc of that arca to a fluid or vapor with the desired
cnergy. Infusion of the fluid or vapor may be controlled to ensure that the treatment arca
is not cxposed to cxcessive temperatures.

25  |0034] Figure 3 shows another example where the treatment assembly 10 may be
in communication with a controller 50, such as a logic controller. Controllcr 50 may
control certain parameters such as infusion pressure 54 of the fluid as well as fluid
temperature 56 and it may be coupled to the assembly by onc or more cables 52, The
pressure in the treatment area, the clapsed time, the temperature of the fluid, and the

30 cxtraction ratc may also be monitored and controllcd.

[0035] Figure 4 shows a detail view of the treatment arca 40 dcfined, in this case,
by two balloons 22, 24. The first cathcter 18 may open into the lumen just after the
proximal balloon 22 and this catheter 18 may be inscricd along with or prior to inscrtion

of the second catheter 20. The first catheter 18 internal diameter is greater than the outer
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diameter of the second catheter allowing for fluid (and/or vapor) to be infused or
cxtracted around the outer diameter of the second catheter 20. The second catheter 20 a
first lumen for balloon inflation and a second lumen for evacuating the treatment region
40. With the balloons inflated into contact against the esophagus ES, the treatment arca
40 may cncompass the tissue region to be treated, ¢.g.. a lesion 60 such as Barrett’s
csophagus or esophageal cancer lesion and the distal end of the endoscope 12 may be
positioned into close proximity to proximal balloon 22 and the treating fluid and/or gas 66
may be infused through the annular lumen 70 defined through first catheter 18 and
between second catheter 20 such that the fluid 66 may enter through opening 62 into the
treatment region 40 while contained by the balloons. Once treatment has been completed,
the fluid may be evacuated 68 through onc or more openings 64 located along the second
catheter 20 proximal to distal balloon 24 and proximally through the second catheter 20
through the evacuation lumen 72. As previously mentioned, a pressure sensor 42 (e.g.,
prcssﬁrc measuring air capsulc) may be positioned along cither the first 18 and/or sccond
20 catheter for scnsing the various paramcters. Additionally, the trcatment fluid and/or
gas may include any number of fluids, vapors, or other chemically active (e.g.,
chemotherapeutic) or inactive compounds for additional treatments to the tissue.

[0036] In the cvent that the treatment is provided by a simple timed dwell, the
extraction 72 and infusion 70 lumens may ﬁot both be utilized. The pressure sensing
clement 42 (solid-state, piczoelectric,or other method) may be located on either the first
or sccond catheters and the second catheter and may comprisc a simple slidable balloon.
A pressure sensor for the treatment may omitted so long as the pressure can be controlled
by other mechanisms, ¢.g., a check valve or a simple gravity fluid column. An active
pressurc measurcment, though, may ensure that safe pressures arc not being exceeded.
[0037] The second catheter 20 may fit casily within the first catheter 18 and may
be slid inside the first catheter 18 until its distal balloon 24 is distal to the first balloon 22.
The distal balloon 24 may then be inflated just beyond the distal portion of the treatment
arca 40 and the endoscope 12 may be pulled back. The most proximal extent of the lesion
60 may then be identified and the proximal balloon 22 may be inflated proximal to this
arca. Once the trcatment arca 40 has been enclosed (which may be verified by infusing
fluid 66 and/or vapor under visualization and observing the seal around the balloon,
balloons and/or expandable member) the lumen or body cavity may then be filled with the
rcatment fluid and/or vapor to a safc pressurc. The fluid and/or vapor may also contain

active agents (c.g. chemotherapeutic and/or anesthetic agents) and comprise more than

9



WO 2010/141500 PCT/US2010/036947

10

20

25

30

Docket No.: THNVZ01300WO

simply an inactive fluid and/or vapor. Options would be for the active agents to be
delivered prior to, during and/or post treatment of the heating (or cooling) fluid and/or
Vapor. '

[0038] As the treatment assembly 16 does not contain the treatment fluid or vapor
within a balloon(s) or expandable member and allows it to freely flow over the treatment
arca, the therapy may be applied consistently leaving no arcas left untreated (as is
frequently scen with balloon infusion-based or RF therapics). Additionally, trcatment
may be accomplished with a heated fluid (rather than a high energy electrode or
excessively hot vapor) or a more cdntrolled treatment can be achicved through the use of
a rclatively cooler fluid with a longer treatment time. In addition, the esophagus ES isa
fluid transport typc organ (lumen) and may be more compatible to fluid based therapics
than with RF-based therapies. It is also believed that the safety fnargin of such treatments’
may be better than with an RF-basced therapy.

[0039] Figure 5 shows an alternative cmbodiment of the device in which the first
cathcter 18 and sccond catheter 20 of the trcatment assembly 16 may be inserted
alongside an endoscope 12 which may be used to provide for visualization. Due to the
small size of the catheters, this embodiment is feasible.

[0040] Figures 6A to 6C illustrate an example for a placement procedure for the
assembly for the treatment of a body lumen such as the esophagus ES. The catheters may
be inserted simultancously or separatcly through the working channel of the endoscope
12. In one example, the larger first catheter 18 may be inscrted first followed by inscrtion
of the second catheter 20 within the lumen of the first catheter 18. Once both single or
multi-lumen balloon catheters have been inserted and after the endoscope 12 has been
advanced through the esophagus ES and into proximity to the tissuc treatment region, the
distal balloon 24 may be advanced to define the distal end of the treatment arca and
inflated (e.g., with chilled, room or body temperature fluid) while under visualization
through the endoscope 12, as shown in Figure 6A. The endoscope 12 may then be pulled
back until the proximal end of the desired trecatment arca has been identified and the
proximal balloon 22 may be slid over the shaft of the sccond cathcter 20 and inflated
(c.g., with chilled, room or body temperaturce fluid) at a sitc just proximal to the most
proximal portion of the lesion, as shown in Figurc 6B.

10041] With the trcatment arca 40 now cnclosed by thesc balloons, an optional
pressure capsule 42 (c.g., solid state, piczocletric or other pressure sensing mcthod) may

be inflated and the treatment may proceed, as shown in Figure 6C. The treatment session
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then exposes the lumen or body cavity to fluid pressurized to a positive pressure in the
range of, ¢.g., 5-100 cmH20 (although this pressurc may be maintained at a level below
an inflation pressure of the inflation balloons) at temperatures between, ¢.g., 50 and 100
degrees Celsius, for a period of, ¢.g., 1 sccond to 10 minutes. Additionally and/or

5  alternatively, the treatment arca 40 may be lavaged for a period of time with an ancsthetic
(c.g., lidocainc or bupivicaine) to reducc pain with the procedure prior to the application
of thermal encrgy or other active compounds. Accordingly, ablation may be
accomplished at a consistent depth of, e.g., about 0.5 mm, throughout the esophagus ES.
[0042] " Figures 7A to 7C illustrate another example for treatment of an enclosed

10 body cavity (shown here as a bladder BL). In this example, a single balloon may be used
to cffect infusion and extraction of the treatment fluid. Pressurc may be monitored to
ensure that the therapy is safe and a relatively lower temperature fluid may be used (c.g.,
42-100 C) so that the entire cavity may scc a controlled, uniform thermal load. The order
or catheter placement may vary as may the sequence for balloon inflation or cxposure to

15  active or inactive fluid or vapors in this or any embodiment of the device. As shown in
Figure 7A, an endoscope (or cystoscope) 12 may be inserted into the target organ BL then
fluid catheter 20 may be advanced into the lumen, With the endoscope 12 inserted and
occlusion balloon inflated 24 (e.g., with unhcated fluid) to scal the organ, a pressure
sensor 42 may also be optionally inflated to measure pressure, as shown in F igurc 7B.

20 Optionally, an anesthetic or pre-trecatment medication may be delivered into the bladder
BL, if so desired. Then, a high or low temperature fluid 80 may be circulated within the
bladder BL under pressure adequate to safcly distend the organ to ensurc complete
trecatment, as shown in Figure 7C.

[0043] Figures 8A to 8C illustrate another cxample for treatment where the use a

25  fluid lavage to prepare the treatment area (here shown as the bladder BL) may be

‘ accomplished prior to application of thermal (or cooling) encrgy and/or active
compounds. As previously described, the endoscope 12 and catheter 20 may be
introduced into the Bladdcr BL and subsequently scaled with the occlusion balloon 24, as
shown in Figures 8A and 8B. Preparation of the treatment arca may involve use of an

30  anesthetic to decrease pain during therapy or the usc of an arterial constrictor to reduce
blood flow to the organ or lumen. Alternatively, other pre-treatment fluids 82 may
include, e.g., ancsthetic, vascular constrictor, chilled fluid, active component antidote, ctc.

The pre-trcatment fluid 82 may be cvacuated (or left within the bladder BL) and the

11
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lavage with the treatment fluid 80 may be introduced into the bladder BL for treatment, as
shown in Figure 8C.

[0044] . Alternatively, the pre-treatment fluid 82 may also be chilled (or heated) to
cool (or warm) the lumen or organ prior to treatment so that the thermal (or cooling)
cnergy may be applied to the internal surface of the lumen or body cavity with minimal
transmission or conduction of the clevated (or cooling) temperatures to the submucosal
tissues (or tissues lining the body organ or lumen). Utilizing thé pre-treatment of the arca
may avoid damage to the underlying tissues to thereby avoid many of the complications
of therapy. For example, strictures and/or stenosis (or tightening) of the tissue can be
avoided by controlling the depth of penctration which may be controlicd by pre-treating
the arca with a chilled fluid so that the submucosa can absorb significant amounts of heat
without reaching damaging temperaturcs.

[0045] The depth of penctration may also be controlled through the use of a lower
temperature fluid for thermal ablation so that the submucosa can cool itsclf with its robust
vascular circulation {which is less robust in the mucosa and epithelium). In the event that
an active compound is used, as well, an antidote to this compound may be delivered to the
patient (either systemically or as a local pre-treatment) so that the underlying tissues and
submucosa arc not damaged. One example of this is the use of powerful antioxidants
(systemically or locally) prior to lavage of the esophagus with, ¢.g., mcthotrexate. The
methotrexate rﬁay have a powerful effect on the tissues to which it is directly exposed in
the lumen or body cavity, but the anti-oxidants may prevent deeper penctration of the
methotrexate. The neutralizing compound may also be placed within the balloon or in the

lumen of surrounding lumens or body cavities to prevent cxposure of these areas in the

~ cvent of balloon rupture.

[0046] Figure 9 shows another example where the distal occlusion member may
be configured into an umbrela-like clement 90 which may be expanded in the stomach
ST and placed over a tissue region which is typically difficult to occlude by a balloon.
For instance, such a shape may allow for ablation of thc lower esophageal sphincter LES
at the gastroesophageal junction (or other sphincter region if used elsewhere). The
cxpandable, umbrella-like structure 90 may form a firm scal at this site whilc allowing the
ablation fluid (hot or cold) to contact the cntire gastrocsophageal junction. Once
cxpanded, the umbrella-like clement 90 maybe held firmly against the stomach ST by

traction on the cndoscope 12 or by a tensioning clement on the cathcter and balloon itself.

12
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[0047] In addition, this clement 90 may optionzilly incorporate a biased or spring-
loaded clement or other external force mechanism to provide steady pressurc and a firm
scal against the stomach lining. Alternative structurcs may also incorporate a more
complex, nitinol cage (or other rigid matcerial) connccted by a thin, water-tight film. For
5 cxample, nitinol may be used to decreasc the overall profile of the obstruction clement

and increase its strength and durability.
[0048] Figure 10 shows another example which utilizes an endoscopic balloon
sheath utilized as a distal occluder allowing for exposure and treatment of the distal
gastrocsobhagcal junction. In this embodiment, the second catheter 20 may have a distal

10 occlusion balloon 100 which may be passed through the working channel of the
cndoscope 12 or through a channcl incorporated into the balloon sheath itself (outsidc of
the actual endoscope). Once expanded into an enlarged shape, the balloon 100 may be
retracted to fit entirely over the lower esophageal junction LES to form the distal seal by
traction on the endoscope 12 or by a tensioning clement on the cathceter and balloon itself.

15  This gastric occlusion balloon may allow for cxposurc of the gastrocsophageal junction
while preventing fluid flow into the stomach ST. The balloon 22 may be configured to be
saddle-shaped, circular, wedge-shaped, etc. It may-also be self-expanding and non-
inflatable.
[0049] Additionally, the proximal bzﬂloon 22 may be configured to be part of

20  sheath that is placed over the tip of the endoscope 12 or it may be formed dircctly upon
the endoscope tip itsclf. An inflation lumen may run inside the cndoscope 12 or it may
run alongsidc the endoscope 12 in a sheath or catheter. The balloon sheath may also -
incorporate a temperature sensor, pressure sensor, etc. Morcover, the proximal occlusion
balloon 22 may optionally incorporatc a temperature or pressure sensing clement for the

25  therapy and it may be positioned either through the working channel(s) of the endoscope
12 or alongside the endoscope 12 within the endoscopic balloon sheath.
(0050} In yet another embodiment, in order to reduce the risks associated with
fluid flow and lavage, a fluid or gel may be infused into the esophagus between the
balloons then heated or frozen in situ in order to provide the desired ablative effect

30  without circulating any fluid or gel. In onc example of this configuration, a gcl may be
infused into the esophagus and pressurized to a safe level (¢.g., 30-100 mmHg) which
may be then rapidly chilled using, for cxample, a compressed gas and/or a Peltier
junction-type cooling clement. The gel may frecze at a temperature below that of water

and allow for rapid transmission of the ablative temperature to the tissues being treated.
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.This gel may also be a liquid with a freczing point below that of water in which casc the

treatment zone may be lavaged with this fluid prior to treatment to remove free water and
prevent crystal formation during therapy. Once the therapy has been completed, the gel
or liquid may be removed or left in the csophagus to be passed into the stomach. In the
cvent that a Pelticr cooling or heating clement is used, the polarity may be reversed once
therapy is complete in order to reverse the temperature and terminate the ablation session.
[0051] ~ The distance from the lower end of the distal most portion of the catheter
can be on the order of about 150mm. The distance between the proximal and distal
balloons are adjustablc by the operator but can be adjusted, ¢.g., from as small as Omm to
as large as 25¢m. The trcatment zone may have a range of, e.g., 3 to | 5em.

[0052] In yet an additional cmbodiment, an cnergy gencerator (c.g., a RF clectrode
or hot wire or other energy source) may be advanced into the treatment arca in a
protective sheath (to prevent direct contact with body tissues) and cnergy may be applicd

to the trcatment fluid to heat it to the desired temperature. Once the fluid is adequatcly

“heated and enough time has passed to achicve a controlled ablation, the fluid may then be

evacuated or neutralized with the influx of colder fluid. This embodiment would allow
for a very low-profile design and would not require any fluid heating element outside of
the body.

0053} In another variation, the cavity or lumen may be cxposed to the hot water
at a temperature of less than, e.g., 100 degrees Celsius, but greater than, e.g., 42 degrees
Celsius, to allow for casicr control of the treatment due a longer treatment period. Ranges
for optimal hyperthcrmic treatment include temperatures between, ¢.g., 42 and 100 C and
cxposure periods ranging from, e.g., 15 seconds to 15 minutes. In this embodiment,
trcatment may be cffected with an active (c.g., Methotrexate) or inactive fluid at a
temperature of, ¢.g., 90 degrees C, for a period of, ¢.g., 5-60 seconds, depending on the
depth of penetration desired.

[0054] Figure 11 shows another example of an endoscopic balloon sheath which
may be used to provide proximal occlusion of the treatment arca 40 and may house one or
more of the temperature and pressure sensors. This variation may incorporate a
stirring/agitating or recirculation mcchanism 110 incorporated into the device which may
actuated within the treatment arca 40 once the treatment fluid has been introduced to
allow for cven cooling/hcating. The distal occlusion balloon 100 may be inflated within
the stomach ST and pullcd proximally with controlled traction against thc gastric portion

of the lower esophageal sphincter LES, as previously described.
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10055] In this example, a chilled fluid lavage (or vapor infusion) may then be
initiated and the tissue ablated via frceiing. A pre-treatment lavage, c.g., a hypertonic,
hyperosmotic saline solution, may be introduced with above freezing tempceratures
followed by a sub-zcro temperature lavage to ablate the tissues within the treatment arca
40. The hypertonic, hyperosmotic fluid may achieve temperatures down to, ¢:g., -40
degrees C, without creating icc crystals in the treatment arca 40 duc to the pre-treatment
lavage removing any free water. The treatment fluid following the pre-treatment lavage
may have temperatures of, e.g., -2 degrees C to -40 degrees C, for ablation or more
particularly a temperature range of, ¢.g., -5 degrees C to -20 degrees C. This temperature
range may allow for freezing and crystal formation in the exposed tissues without
damaging the underlying submucosa (which is protected by the circulation of body
temperature blood that prevents freezing). This temperature range can-also be casily
achieved with hypersalination of aqueous fluid uéing sodium chloride and may inhibit any
undesired damage to tissues with bricf contact. Also, the use of a heavily salinated or
other sub-zero solution lavage may provide optimal scaling of the occluding balloons'in
that any sub-zero temperatures outside of the pre-lavaged treatment zone may form an
impaction of ice crystals and preilent any further fluid flow outside of the treatment zone. .
This hypersalinated water solution is but onc freezing solution, though, and any aqueous
or non-aqucous fluid or vapor that can be infused and extracted at this temperature could
be used. Alternatively, cryoablative fluid can simply be formed by cooling ethanol or
another aqucous or lipophilic fluid with subzero cooling temps with compressed gas or
dry icc. In another alternative, compressed CO; or dry ice may be introduced into the
fluid (c.g., cthanol, butylenes glycol, propylene glycol, etc) to cool it to, ¢.g., -50 degrees
C or below.

[0056] The use of a subzero solution within this range may also allow for fine.
control of the treatment depth as tissuc damage would not begin to occur until a
temperature differential of about 37 degrees C is achieved (assuming a body temperature
of 37°C), but once this threshold is reached tissue damage occurs rapidly duc to ice
crystal formation. In contrast, tissue damage is on a continuous spectrum with
hyperthcrmia and damage may begin to occur at a temperaturc diffcrential of, ¢.g.,'5
degrees C. Thus, the ability of the vasculature to protect the underlying tissucs from
damagec is greatly reduced duc to the small difference between the tempcerature of
protective blood versus the temperature of the ablating fluid. With hypothermic lavage,

the protective blood may differ by, e.g., 37 degrees C, in témperature and may thus allow
15
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for contro! of ablation depth based on the temperature of the fluid lavage and the time of
CXposure, )

[0057) Although illustrated esophageal therapy, this therapy could be used in any
body cavity/lumen for therapeutic purposes including, but not limited to, gastrointestinal
therapy, stomal tightening (c.g., post bariatric surgery), urogynecologic uscs (trcatment of
cervical pre-cancers or cancers, endometrial lining treatment, stress incontinence
therapy), prostate therapy, intravascular therapy (c.g., varicose veins) or treatment of any
other body cavity/lumen. In tﬁe event that an entire body cavity is being treated (e.g., the
entire uterus) a single balloon system may suffice to exclude the entire cavity. The fluid
cycling or dwell may then be accomplished with use of a pressure-controlled exposure of
the cavity or lumen.

[0058) Figures 12A and 12B show another cxample of how the system may be
introduced into, ¢.g., a utcrus UT, through the cervix for trecatment via the lavage catheter
20. In this example, the catheter 20 may have a diameter of about, e.g., 8 mm, or in other
cxamples, a diameter of about, ¢.g., less than 6 mm. Infusion of the lavage fluid may
fully distend or partially distend the uterine walls. Optionally, catheter 20 may
incorporate a tip 120 to perform one or more functions including, ¢.g., an expandable
cage or scaffold to prevent dircct exposure of a cryoprobe to the tissuc walls of the uterus
UT, an agitator or recirculator to ensure even distribution of _cryoablation cffect, ctc. As
previously deséribcd, the system may be used with lavage or with infusion then cryoprobe
chilling of fluid. In an alternatc embodiment, infusion of an antifrecze fluid and inscrtion
of the cryprobe may be done scparately with chilling of the anti-freeze done after the
cryoprobe inscrtion.

[0059] In this and other examples, the therapy may be guided by time/temperaturce
tracking or visualization (e.g., hysteroscope, endoscope, ultrasound, etc.). Pressure may
be regulated by a pressurc sensor in line with the infusion or cxtraction lumen or a
dedicated pressure lumen in a multi-lumen catheter. Additionally, pressure may also be
rcgulated by limiting infusion pressure (e.g., height of infusion bag, maximum pressurc of
infusion pump, etc.). Any organ, body cavity or lumen may be treated using the
described lavage and/or infusion/cryoprobc technique described here for the uterus.
[0060] In yet another example, the system may employ a thermally conductive
fluid having a thermal conductivity greater than that of saline. This thermal conductivity
may help to ensure that the fluid within the body cavity or lumen is at the same

temperature throughout cven without agitation or lavage. Such a fluid may be used with
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the fluid lavage and/or the fluid infusion followed by application of a cryoprobe. The
improved thermal conductivity may be achieved via a variety of different options
including, but not limited to, choice of a thermally conductive fluid or gel, addition of
thermally conductive compounds to the fluid or gel (e.g., metals or metal ions, etc.)
and/or agitation of the fluid within the cavity to help achicve equilibration of the
temperature.

[0061) Additionally, the fluid may be infuscd as a fluid or gel until a set pressure
is achieved. The cryoprobe may then be introduced into the body cavity/lumen and heat
may be withdrawn from the fluid/gel. Prior to or in concert with the achicvement of a
cryotherapeutic (ablative or non-ablativé) temperature, the fluid or may form a gel or
solid. This may be utilized such that fluid or gel within the cavity may be trapped within
the target lumen or body cavity with its change in viscosity or state thereby preventing
leakage of the fluid or gel and unwanted exposure of adjacent tissues to the
cryotherapeutic cffect. Duc to the higher thermal conductivity or the gelled or frozen
fluid or gel, the continued removal of heat from the gelled or frozen mass may be rapidly
and uniformly distributed throughout the body cavity or lumen. The solution may also be
partially frozen or gelled and then agitated or recirculated to ensure cven greater
distribution of the cryotherapeutic cffect. Furthermore, the fluid or gel may be made
thermally conductive by addition or a biocompatible metal o metallic ion. Any metal or
conductive material may be used for this purpose such as silver, gold, platinum, titanium,
stainless steel, or other biocomp;tiblc metals.

[0062] While illustrative examples are described above, it will be apparent to one
skilled in the art that various changes and modifications may be madc thercin. Moreover,
various apparatus or procedures described above are also intended to be utilized in
combination with onc another, as practicable. The appended claims are intended to cover
all such changes and modifications that fall within the true spirit and scope of the

invention.
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CLAIMS

What is claimed is:

1. A method for treating a body cavity or lumen, comprising:

positioning a tissue region of interest between a distal occlusion member and a
proximal occlusion member which are adjustably movable relative to one another via
adjustment of a catheter;

occluding the tissue region to be treated between the occlusion members such that
a treatment area is defined therebetween;

introducing a hypcrthermic or hypothermic fluid and/or gas into the trcatment arca
such that tissue region is treated; and,

monitoring a pressure of the fluid and/or gas introduced into the trecatment arca

such that the pressure is below a pressure within the occlusion members.

2. The method of claim 1 wherein positioning comprises positioning the catheter
within a body lumen selected from the group consisting of an esophagus, uterus,

respiratory tract, and bladder.

3. The method of claim 1 wherein occluding the tissuc region compriscs inflating

the occlusion members via a fluid.

4. The method of claim 1 wherein occluding the tissuc region comprises

cxpanding the occlusion members via a sclf-expanding or shapc-memory material.

5. The method of claim | wherein introducing a hyperthermic or hypothermic
fluid and/or gas compriscs heating or cooling the fluid and/or gas prior to introduction

into the trcatment arca.
6. The method of claim | wherein introducing a hyperthermic or hypothermic

fluid and/or gas comprises heating or cooling the fluid and/or gas prior to introduction

into the treatment area.
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7. The method of claim 1 further comprising visualizing via an endoscope while

at least positioning.

8. The method of claim 1 wherein the fluid and/or gas is chilled to less than -5

degrees C.

9. The mcthod of claim 1 further comprising stirring or circulating the fluid

and/or gas within the treatment area such that temperature of the fluid and/or gas is even.

10. The method of claim | further comprising introducing an additional fluid into

the trcatment area having a temperature which cools or warms the fluid and/or gas.

11. The method of claim | wherein the fluid and/or gas comprises water.

12. A method for treating a body cavity or lumen, comprising:

positioning a tissue region of interest between a distal occlusion member and a
proximal occlusion member which are adjustably movable relative to one another via
adjustment of a cathcter; -

occluding the tissue region to be treated between the occlusion members such that
a treatment area is defined therebetween,;

introducing a hyperthermic or hypothermic gel or colloidal suspension into the
treatment arca such that tissuc region is treated; and,

monitoring a pressure of the gel or colloidal suspension introduced into the

treatment area such that the pressure is below a pressure within the occlusion members.

13. The method of claim 12 wherein the gel or colloidal suspension comprises a

suspension of metal particles, fibers or ions.

14. The method of claim 12 wherein positioning comprises positioning the
cathcter within a body lumen selected from the group consisting of an esophagus, utcrus,

respiratory tract, and bladder.

15. The method of claim 12 wherein occluding the tissuc region compriscs
inflating the occlusion members via a fluid.
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16. The method of claim {2 wherein introducing a hyperthermic or hypothermic
gel or colloidal suspension compriscs heating or cooling the gel or colloidal suspension

prior to introduction into the treatment arca.

17. The method of claim 12 further comprising visualizing via an endoscopc
while at least positioning.
18. The method of claim 12 wherein the gel or colloidal suspension is chilled to

10 less than -5 degrees C.

19. The method of claim 12 further comprising stirring or circulating the gel or
colloidal suspension within the trcatment arca such that temperature of the gel or colloidal

suspension is even,

20. The method of claim 12 further comprising introducing an additional fluid
into the treatment arca having a temperaturc which cools or warms the gel or colloidal

suspension.

20 21. A method for treating a body cavity or lumen, comprising:
positioning a distal cnd of a treatment catheter within an opening of a body cavity
or lumen;
occluding the opening such that fluid communication is inhibited between an
outer surface of the cathcter and the opening; _
25 - introducing a hyperthermic or hypothermic fluid and/or gas into the treatment arca
such that an interior of the body -cavity or lumen is treated; and,
monitoring a pressure of the fluid and/or gas introduced into the body cavity or
lumen such that the pressure is below an occluding pressure between the catheter and
opening. ‘
30
22. The mcthod of claim 21 wherein positioning compriscs positior{ing the

cathcter distal end within a uterus or bladder.
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23. The method of claim 21 wherein occluding comprises inflating an occlusion

member via a fluid in proximity to the opening,

24. The method of claim 21 wherein occluding compriscs expanding an occlusion

members via a sclf-expanding or shape-memory material.

25. The method of claim 21 whercin introducing a hybcrthcrmic or hypothcrmic
fluid and/or gas comprises heating or cooling the fluid and/or gas prior to introduction

into the body cavity or lumen,
26. The method of claim 21 wherein introducing a hyperthermic or hypothcrmic
fluid and/or gas comprises heating or cooling the fluid and/or gas prior to introduction

into the body cavity or lumen.

27. The method of claim 21 further comprising visualizing via an cndoscope

while at lcast positioning.

28. The method of claim 21 wherein the fluid and/or gas is chilled to less than -5

degrees C.
29. The mcthod of claim 21 further comprising stirring or circulating the fluid
and/or gas within the body cavity or lumen such that temperaturc of the fluid and/or gas is

cven.

30. The method of claim 21 further comprising introducing an additional fluid

into the trcatment arca having a temperature which cools or warms the fluid and/or gas.

31. The method of claim 21 whercin the fluid and/or gas compriscs water.

21
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