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CYROGENIC TREATMENT SYSTEMS

CROSS-REFERENCE TO RELATED APPLICATIONS
{3001} This application 13 a continuation of U.S. Patent Appheation Nos.
14/086,050 and 14/086,088 cach filed November 21, 2013; a contimuation of U.S. Patent
Application Nos. 14/019,808; 14/019.928; 14/020,265; 14/020,306; 14/020,350;
14/020,397; and 14/0206,452 cach filed September 6, 2013; and a continuation of U.S,
Patent Apphication No. 13/900,916 filed May 23, 2013; this application is also a
continuation-in-part of ULS. Patent Application No. 13/361,779 filed January 30, 2012,
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which claims the benefit of priority to US. Provisional Application No. 61/462,328 filed

e

February 1, 2011 and U8, Provisional Application No. 61/571,123 filed Junc 22, 2011,

each of which is incorporated herein by reference in its entirety.

FIELD OF THE INVENTION
{8002} The present invention relates to medical devices. kn particular, the present
mvention relates to methods and apparatos for therapeutic devices capable of exposing

areas of the body to elevated or decreased temperatures, in a highly controlled manner.

BACKGROUND OF THE INVENTION
j8003] i the last few decades, therapeutic miervention within a body cavity or
lumen has developed rapidly with respect to delivery of energy via radicfrequency
ablation. While successful in several arenas, radiofrequency ablation has several major
downsides, including incomplete ablation, {requent lack of visuahization during catheter
msertion, potential for overlap during treatment {with some arcas receiving twice as much
energy as other areas), charring of tissues and reguirements for frequent debridement,
frequent requirements for additional doses of eoergy after debridement, and potential
perforation of the body cavity or lumen due to the rigidity of the RF electrodes.
{8804 The current state of the art would benefit from minimally invasive devices
and roethods which deliver thermal energy to a desired arca or extract encrgy from a
desived area, m a consistent, controlled manmer that does not char or inadvertently freeze

certain tissues or create excessive risk of unwanted organ or humen damage.
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SUMMARY OF THE INVENTION

{8805] When bodily tissues arc exposed {o even slightly clevated temperatures
{e.g., 42 degrees C or greater), focal damage may oceur. If the tissues are exposed to
temperatures greater than, e.g., 50 degrees O, for au extended period of time, tissue death
will oecur. The energy delivered by RF can then be excessive while a more controlled
treatment can be achieved with heated fhuds and/or vapors.
{8006} Generally, devices for deliverfng controiled treatment may comprise a
source for a heated hgquid and/or gas, e.g., hot water/steam, one or more pumps to deliver
said hot water/stecam, a catheter having one or more hurnens defined therethrough and alse
having one or more ports to deliver or circulate the heated liguid and/or gas, ¢.g., hot
water and/or vapor, 1o a controlled site 1o a controlled maoner. The catheter may also
have optional pressure and temperature sensing elements. The optional pressure and
temperature sensing clements may allow the operator to momnitor and/or controd the
pressure and tferaperature within the treatment zoue and also prevent the pressure from
becoming too high. The treatment site may be delinecated by nflatable or expandable

members which are pressurized or expanded to a target pressure to form a seal with the
body cavity/humen. The heated liquid and/or gas may then be delivered to the are
contamed by the inflatable/expandable members at a pressure that is less than that of the
nflatable/expandable members thereby effectively containing the treatment area between
these inflatable/expandable members, Optionally, a chifled, room temperature, or
warmed fhud such as water may then be used to rapidly ferminaie the treatment session.
{8007} The catheter having the inflatable/expandable members and optional
pressure or terperature-sensing clements may be fitted within the hurnen of an endoscope
or other visuakization device allowing the therapy to be dehivered under direct
visualization. Tn addition to direct visualization, this advance allows the scope to function
- for the treatment catheter, thereby preventing unwanted exposure of body
cavities/lumens to the elevated temperatures found in the heated Hguid and/or gas
coursing within the treatment catheter.
{B008] Generally, the beated hguid and/or gas may be heated to a temperature of
between, e.g., S{ and 100 degrees Celsius. Exposure to these lesy elevated temperatures
may allow for more controlied tissue damage and may obviate issues typically associated
with the higher energy {formos of treatment. It 18 understood and kvown m the art that the
lower the temiperature, the longer the dwell/ireatment time needed. One treatment
modality may be to deliver the heated liguid and/or gas at a teraperature of, e.g., about 70
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degrees C for S munutes. Another modality may be to treat the tissue with the heated
liquid and/or gas at a temperatore of, e.g., 90 degree C for 31 secs.
RUE Among other features, the syster roay alse include 1) the ability to
thoroughly treat the treatroent area due {o the use of confining balloon(s) and/or use of av
uihrela-like seal and use of a pressurized heated liguid and/or gas as the energy delivery
nedivm, 2) the ability to freat relatively large arcas in a very controlied manner due to the
adjustable relationship between the two treatment-ares definfog milatable/expandable
components (e.g. balloon{s) and/or an umbrella-like sealy, 3) the ability to form a Hagud
and/or gas-tight seal between the balloon(s) {and/or an umbrella-like seal) due 1o the
catheter for the distal balloon traveling within the fumen of the proximal balloon catheter
{avoidance of leakage around the catheters that the balloons can seal about), 4) the
optional ability to monitor and control the pressure within the treatment ares {o ensure
that the treatment arca is not exposed to excessive pressures and that the pressure in the
treatment arca is prohibited from exceeding a pressure of the freatment area defining
balloons, §) the ability to ablate to a controlled depth in a relable manner due to the lower
encrgy and longer exposure times which allow the submucosa to cool ftself with
weoming blood flow, 6) the optional ability o fit within a working chaonel of an
endoscope so that the device need not be jnserted in a blind manner, 7) the ability to
combine thermal or cooling therapy with delivery of active agents {e.g., ancsthetic for
pre-treatment of the target area or a chemotherapeutic for the treatment cancer or
precancerous lesions, etc.}, 8) the ability to il the treatment defining area with fluid {e.g.
cool, warm or room temperature fhid) capable of neutralizing the thermal or cooling
encrgy in the treatment area in order o prevent potential damage caused by balloon
rupture or seepage around the balloon and/or expandable member, 9) the ability fo pre-
chill {or pre-warm} the treatment area 30 that the submucosal tssues can be protected
against the elevated (or cooling} temperature to which the lomen or bodily organ is being
exposed, 1) the ability {o adjust the trestment 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, mfusions and/or exivactions, 12} the
ability to treat through the workang channel of an endoscope or alongside an endoscope,
13) the ability to treat through a variety of endoscopes, ¢.g. nasal, gastrointestinal,
esophageal, ete., 14} the ability to use off-the-shelf and/or disposable coroponents to

handle the fhud and pressure controls, or to use an automated or semi-automated system,
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{8010} Addiﬁﬂna}ly. the system may also incorporate features that may allow for
efficacious therapy. For example, the system may vtilize a sub-zero degrees Celsius
temperature fluid lavage. This cold lavage may allow for much betier control than
charring and heating of the tissue and instead roay provide a consistent depth of ablation
in a manmey that allows for rapid recovery and minimal post-operative pain {as opposed to
heating methods). In addition, by using lavage of a Higuid rather than cryogenic sprays
{c.g., sprays which rely on the judgment of the user for determining tiroe of spray
application or spray location, gic.), 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 the system described hercin
{e.g., anywhere from -3 degrees Celsius to -90 degrees Celsius) 1s rouch less hkely to
damage the delivery equipment

{8011} Secondly, the apparatus may utilize an vmbrella-like element in the gastric
space to allow for ablation of fissue regions, such as the lower esophageal sphincter at the
gastroesophageal punction. This ablation is genevally difficolt to perform using balloon-
based ablation technologics due to the expansion of the sphincier into the stomach. By
utilizing an expandable, umbrella-like structure to form a firm seal at this site while
allowing the ablation liquad and/or gas (heated or chilled) to contact the entire
gastroesophageal junction. In addition, a spring-loaded element or other external force
mechanism may be incorporated to provide for steady pressure and a firm seal against the
stomach lining.

{8012} The apparatos may also be utilized with or without a balloon in body
fumens or cavities that can be otherwise sealed. For exarople, 8 hypothermic fluid lavage
of the uterus may be accomplished by introducing a subzero (Celsius) fluid info the uterus
via cannulation of the uteras with a tube or cannula. {f the tube is of sufficient diameter,
backflow of the hypothermic lavage into the cervix and vagma may be prevented without
the necd for a balloon to contain the fluid. Use of baloons may be avoided for this
particular type of application. In utilizing a hypothermic favage, a fluid roay be used that
remains fuid even at subzero temperatures. This fluid may then circulated in the Jumen
(with or without a balioon) in order achieve ablation.

{8613} In vsing a hypothermic liguid rather than a gas, a greater thermal load can
be repeatedly extracted from the tissue under controlled physiologic conditions using a
hguoid beyond the thermal load which may be extracted using a compressed gas. A lguid
lavage, on the other hand, may be controlled based on temperature and pressure to

4
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provide a repeatable effect on the target organ. Compressed gas or other rapid cooling
mechanisms, though, may be utilized in combination with this therapy in order o chill a
solution to subzero temperatures after introduction indo the body. In this variation, the
biocoropatible Hauid capable of retaining hguid characteristics 1n a subzero siate, or “ang-
freeze solation”, may be infused mnto the lomen or cavity after which the cooling probe
may be introduced. Heat may be drawn from the anti-freeze sotution untif the desired
hypothermic ablation teraperature has been achieved for the desired duration of time,
Fluid may or may not be circulated during this process via a pump or agitating element
within the catheter in order to tmprove distribution of the ablative fluid.

{3014} Ia yet another variation, the reatment fhuid may function to cxpand the
uterus for consistent ablation, {unction to distribute the crvoablative freczing more evenly
throughout the aterus, and potentially function to slow or prevent ice formation at the
surface of the Tumen or body cavity. The apparatus may be used with, for exarple,
hipophihic, hydrophilic or amphipathic solutions with the latfer two bemng having the
ability to remove any agueous fuid from the surface of the target cavity or lumen which
may inferfere with conduction of the heat from the target tissues into the cryoablative
fuid.

{6015} Additionally and/or alternatively, the apparatus and methods deseribed
herein may be used as an adjunet (o other treatments, sach as the Her Option® therapy
{American Medical Systerns, Minnetonka, MN), by utiliziog a lavage of the target cavity
ot lumen such as the uterus with the agqueous anti-freeze sohution either 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 roay be performed to
fmprove transtoission of the eryoablative effect as an adpunct to any eryotherapy
ireatment anywhere in the body where applicable. As described hevein, the cryoablative
fhuid moay also be introduced and/or lavaged within the target humen or body cavity within
a balloon which may be expanded to contact the walls of the humen or body cavity, The
cryoablative treatment thad 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
fumen, Moreover, the anti-freeze sohutinn may also comprise various salts and/or other
biccoropatible molecules capable of driving the freezmg temperature of the solution
below, e.g., -10 degrees Celsius. Additionally, the thad may be capable of resisting
frecezing cven at a temperatore of, e.g., -90 degrees Celsius. A combination of salts,

5
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alcohols, glycols and/or other molecules may be used o provide this resistance to
freczing in an agqueous solution.

{8016} In yet another variation, a cryoprobe with, e.g., a protective cage and/or a
recirculator/ fuid agitator, may be utilized to ensure that the hypothernue flud is evenly
distributed. The cage may be configured mto various forms so long as it exposes the flaid
o the surface of the cryoprobe while preventing direct contact of the cryoprobe with the
wall of the lumen or cavity fo be ablated (such as a uterus). A recirculator may comprise,
e.g., a stirring element at the tip of the eryoprobe, an intermittent or continmuous flow
system or other fluid movement mechanism.

{8017 I another variation, to facilitate the balioon expanding and conforming
readily against the tissue walls of the uterus, the balloon may be inflated with a gas or
hguoid. Alternatively, the balloon may be filled partially or completely with a conduetive
material. Once the clongate shail has been introduced through the cervix and nte the
uterus, the distal opendng of the shaft may be positioned distal to the toternal 08 and
balloon may be deployed either from within the shaft or from an external sheath. The
halloon may be deployed and allowed to unfurd or unwrap within the uterus. The cooling
probe may be introduced through the shaft and into the balloon futerior {or introduced
afler nsertion of the conductive elements).

HHERY The conductive elements may be introduced into the balloon interior
through an annular opening within the distal end of the shaft until the balloon is at feast
partially or corapletely filled with the clements. The conductive elements may generally
comprise any number of thermally conductive elements such as copper spheres or some
other inert metal such as gold, These conductive elements may be atraumatic in shape
and are small enough to fill the balloon interior and conform the balloon walls against the
uterine walls to ensure consistent contact with the Hssue, e.g., about 20 ml in volume of
the elements. The conductive clements may also help to fill any air pockets which may
form particularly near the tapered portions of the balloon and tnsulate the tissue from the
ablative effects of the eryoeablative fhuid.  For instance, the conductive elements may be
formed mto spheres having a diameter of, e.g., (.8 mm to 4 mm ov larger. To ensure that
that conductive elements are fully and evenly dispersed throaghout the balloon mterior,
the clements may be introduced through the shaft via an ejector or push rod, auger,
compressed air, ete. In particular, the conductive elerents may fill the tapered portions
of the balloon to ensure that the balloon s positioned proximate to and in contact with the
uterine cormu to fully treat the interior of the uterus.

6
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{B8019] With the conductive elements placed within the balloon, the cryoablative
fiuid may be introduced within and through the balloon soch that the conductive elements
facilitate the thermal transfer from the contacted uterine walls. Once the cryoablative
ireatment has been completed, the conductive elersents ray be removed through the shaft
via a vacuum force or other mechanmical or electromechanical mechanisms and the
balloon, once emptied, may also be withdrawn from the oterus.

{8028 The coching probe introduced into the interior of the balloon may comprise
a number of different configurations which {facilitate the miroduction of the cryoablative
fuid into the baloon. One such variation, the shaft may have one or more cooling
members which project from the distal end of the shaft at various angles. Another
variation of the cooling probe may have 4 rotating base and spray member positioned
upon the shaft. The spray member may have a surface which is meshed, latticed,
perforated, ete. such that the cryoablative fluid introduced through the shaft may enter the
rotating basc and spray member where #f may be evenly dispersed through the spray
mernber and into the mterior of the baloon for treatment.

B2y The cooling probe positioned within the balloon may be variously
configured and may inchude further variations. The cooling probe assembly may
comprise an exhaust catheter having an atraumatic tip and an imaging instrument such as
a hysteroscope positioned within, One or more supporting members or inseris may be
positioned throughout the length of the fumen to provide structural support to the catheter
and to prevent its collapse and a probe support {e.g., flat wire, ribbon, efc.) maay extend
through the catheter inlerior.

{80221 The probe support may be supported withio the fumen via the inserts such
that the probe support separates the humen into a first channel and a second channel where
the cooling lumens may be positioned along the probe support within the second channel
while the first channel may remain clear for the optional insertion of a hysteroscope.
Because of the thickness of the probe support relative to its width, the probe support may
be flexed or curved in a single plane while remaming relatively stiff in the plane
trangverse to the plave.

{8023} The probe may further include one or more cooling lumens which are
positioned along the probe support within the second channel. Because the cooling
fumens are located along the second chamnel, as separated by the probe support, one or
more windows or openings may be defined along the length of the probe support to allow
for the passage of any cryocablative fluid to proliferate through the entire luren defined

~
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by the catheter. The mumber of cooling lumens may also be varied to mumber more than
three lumens terminating at different positions along the active portion.

{B024 Ags the cryoablative fluid is jntroduced into and distributed throughout the
catheter lumen, the exhaust catheter may also define one or more openings to allow for
the cryoablative thad to vent or exhaust from the catheter interior and into the interior of
the balloon.

{8025] Une exarople for a freatmoent cycle using a two cycle process may mclude
the introduction of the cryeablative flaid for a treatment time of two mimutes where the
sarrounding tissue is frozen, The fluid may be withdrawn from the balloon and the tissue
may be allowed to thaw over a peried of five minutes. The cryoablative fhid may be
then reintroduced and the tissue frozen again {or a period of two nynutes and the {fluid
mmay then be withdrawn agam to allow the tissue to thaw for a period of five minates. The
tissue may be visually inspected, e.g., via the hysteroscope, to check for ablation
coverage. I the tissuc bas been sufficiently ablated, the assembly may be removed from
the aterus, otherwise, the treatment cycle may be repeated as needed. In other
alternatives, a single cvele may be utitized or more than two cycles may be utilized, as
needed, to treat the tissue sufficiently. Furthermore, during the treatment cycele, @
minimurn pressure of, e.g., 40 1o 80 mm Hg, may be optionally maimtained by the
cryogenic Hguid or by a gas {e.g., air, carbon dioxide, ete.) to keep the balloon and uterus
open.

{8026} The balloon may be expanded within the uterus and particularly into the
uterme coma by an initial burst of gas or Bguid. Other mechanisms may also be used to
facilitate the balloon expansion. Une variation may utilize one or more supporting arms
extending from a support which may be deploved within the balloon. The supporting
arms may be variously configured although they are shown in this example ina Y-
configuration. Yet another variation may mclode the supporting arms incorporated into
clongate channels or pockets defined along the balloon itselfl

{8027} Aside from the balioon tiself and the use of balloons for obstructing the os,
miernal os, and/or external os, balloons or inflatable liners may also be used to nsulate
the cryogenic fhuid during delivery into the balloon to protect the surrounding tissue
structures which are not to be ablated, such as the cervix.

{6328) In controlling the ablative treatments described above, the treatment
assembly may be integrated into a single cooling system contained entirely within the
handie asserably or it may be separated into components, as needed or desired. In either

8
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case, the cooling system may generally comprise a microcontroller for monitoring and/or
controlling parameters such as cavily lemperature, cavity pressure, exhaust pressure, ete.
B0z A coolant reservorr, ¢.g., nitrous oxide canister, may be fluidly coupled to
the handle and/or elongate shafl via a coolant valve which may be optionally controlled
S by the microcontroller. The coolant reservoir may be in fluid communication with the
cooling probe assembly and with the interior of the balloon. Additionally, an exhaust
lumen in communication with the elongate probe and having 4 back pressure valve may
also mclade a pressure sensor where one or both of the back pressure sensor and/or valve

may also be in comunication with the microcontrolier.

16 BRIEF DESCRIPTION OF THE DRAWINGS
{8030} For the purposes of the drawings and preferred embodiments, applications
to the esophagus and uterus 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.

15 {8031} Figure | shows an example of a device advanced throagh an endoscope,
e.g., a nasally or orally inserted scope.
{8032} Higure 2 shows an example of a device advanced through the working

chamnel of nasal endoscope.

{8033} Figure 3 shows an example of a device attached to a logic controlier.
20 [6034) Figure 4 shows an cxample of a device placed through working channel of

nasal endoscope and deployved within an csophagus for treatment.

{8035] Figure S shows an example of a device advanced alongside an endoscope.
{8036} Figures 6A to 60 show a device being intreduced through an endoscope

and deploved for treatmoent within the esophagus.
25 {0637] Figures 7A to 7C show examples of a deviee otroduced through an
endoscope for insertion within a bladder.
038 Figures 8A 1o 8C show examples of a device preparing the treatment arca
1 2=
with a pre-treatment lavage prior to freatrent.

{8039} Figure 9 shows an example of a distal occlude having an umbrella-like

L4}

[

shape deployed in proximity to a gasiroesophageal junction for treatment.
{8040} Figure 10 shows another example of an endoscopic balloon sheath having

a distal occluder expanded distal to gastroesophageal junction for treatment.
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{8041} Figure |1 shows another example where the treatment fTuid is introduced
between the deployed balloons for treatment.
{6042 Figure 12 shows another example of an adjustable size balloon device for

ireatment of the esophagus.

{8043 Figores 13A and 3B show another examiple of 4 single balloon device for
ablation treatment within the uierus and/or endometrial fining.
{8044} Figures 14A and 148 show yvet another exaraple of conductive lattice/cage

deploved for cryoablative treatment.

{8045} Figure 15 shows another example of an external cervical os cecluding
device.

{8046} Figure 16 shows another example of aninternal cervical os oceluding
device

{8047} Figures 17A and 178 show another example of a device having a

deployable low-pressure conforming balioon used for crvogenic ireatmoent of the uierus.
{8048} Figures 18A to 18D show another example of a conforming balloon which
may also be filled partially or completely with a conductive material for cryoablative
treatment.

{8045 Figure 19 shows another example of a cooling probe having one or more
cooling members projecting from the distal end of a shaft.

R ERTH: Figure 20 shows another exarple of a cooling probe having a rotatable
base and spray member.

RHEY Figure 21A shows a side view of an integrated treatment assembly.

{80521 Figure 218 shows an example of the assembly advanced through the
cervix and tio the uterus where the sheath may be retracted via the handle assembly 1o
deploy the balloon.

{8083 Figure 21C shows a perspective view of a cryocablation assembly having a
handie assembly which may integrate the clecironics and pump assembly within the
handie itself.

jB054] Figure 21D shows the handle asserobly i a perspective exploded view
Hustrating some of the components which may be mtegrated within the handle.

{B055] Figure 21E shows an exaraple of the sysiem operation during a pre-
ireatment puff up process.

RHERTHT Figure 21F shows an example of the system operation during a treatment

Process.
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{80587} Figure 21G shows an example of the system operation during a thawing
and venting process.

{6058] Figure 224 shows a side view of a system which allows for adjustably
setting a length of the balloon along the shaft.

{8059} Figure 228 shows a side view of the balloon everted within the shaft
himen for delivery.

{5068] Figures 23A and 238 show perspective and side views, respectively, of

another example of a coshing probe assembly having a flat wire integrated through the

probe.
#0614} Figure 24 shows a perspective view of the cooling probe assembly with

one or mwore openings defined along the probe assembly.

{8862} Figures 25A and 258 show end views of a cross-section of the cooling
probe and the distal end of the prabe.

{8063} Higures 26A 1o 26L show perspective views of various tubular members
which may be ased for the cooling probe assembly.

[6064] Figures Z27A and 278 show perspective views of a cooling probe assembly
utiiizing one or more discrete ring members tnearly coupled to one another.

{8865} Figures 28A and 288 show cross-sectional end views of another variation
of a cooling probe assembly coupled via a covering and/or insert members.

{80646} Figure 29 shows a perspective view of another variation of a cooling probe
assemibly having one or more insert members coupled along a wound spring body.

jad67] Figures 30A and 308 show cross-sectional side views of another variation
of insert members supported along a spring body.

{8068} Figure 31 shows a detail side view of one variation of a pivotable cooling
fumen body.

{6069} Figure 32 shows a side view of another variation of one or more insert
members having an integrated covering.

{8070 Figure 33 shows a side view of yet another variation of one or more msert
members having a slidable joint attached.

{8071} Figure 34 shows a side view of another variation of a spring body having
one or more cooling lumens attached directly to the spring.

{8072 Figure 35 shows a side view of another variation of a spring body having

the one or more msert members,

[
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{B8073] Figure 36 shows a side view of another variation of a spring body having

the one or more conling lumens and a secondary humen.

{8674) Figure 37 show cross-sectional end views of variations of the secondary
humen.
{8075} Figures 38A and 388 show perspective views of another variation of the

cooling probe utilizing a mam delivery line and at least two side delivery fines.

8076} Higure 38C shows a detail view of the side delivery Iine having 2o
adjustable mandrel shidably positioned within.

{88771 Figure 39 shows a cross-sectional side view of another variation of the
cooling probe assembly where the man detivery line and side debivery Hines are 1o fluid
communication through a common chamber.

{66731 Figure 40A and 408 show cross-sectional end views of vanations of the
exhaust humen and the respective cooling humens.

HH U] Higure 41 shows a cross-sectional side view of another variation of a
cooling probe assembly having a single introduction line and a single delivery line.

{8089} Figure 42 shows a cross-sectional side view of a cooling probe assernbly
wmserted within a balioon within the uterus.

{68811 Figures 43A and 438 show side views of various examples of side
delivery Hnes having the openings aligned in different directions.

{8082} Figure 44 shows a side view of a cooling probe variation having s skived
window for facilitating visualization.

{B083] Figure 45 shows a side view of an example of a balloon having one or
more supporiing arms cxiendable within the balloon.

{3084} Figure 46 shows a side view of another example of a balloon having one or
mote supporting arms attached 1o the cooling probe assembly.

{8085} Figure 47 shows a side view of another example of a balloon having one or
more supporting arms also defining one or more openings for delivering the cryoablative
fluid.

{3086} Figure 48 shows a side view of vet another example of a balloon having
the one or more supporting arms positioned within elongate channels along the interior of
the balloon.

{6087 Figures 49A and 498 show cross-sectional side views of yet another
variation of a cooling probe which utilizes a single mfusion Hne in combination with a

transiatable delivery line.

[
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{088] Figures S0A and 50B show top and perspective views of the expanded
limer with four pairs of the open delivery ports exposed in apposed direction.

{H08% Figure 30C shows a perspective view of an expanded liner with additional
open delivery ports exposed along an anierior portion of the Hner,

{8094 Figure S1A shows one variation of a probe incorporating a transmitier (o
facilitate probe positioning within the liner.

{B09%] Figure 518 shows another variation of a probe Incorporating one or more
transmitiers to wonitor {issue cavity expansion.

{80092} Figures 5ZA and 52B show a schematic iHlustration of a system utilizing a
S-port, 2 position, 4-way valve,

{6093} Figures 53A to 53C show a schematic ithustration of a system utilizing a4
non-reversible pump for both inflation and deflation.

{8094} Figures 54A and 548 show top and perspeciive views of a Hiner illustrating
its curved features when flattened and expanded and then deployed i a consistent
THEnner.

{095} Figure 34C shows a perspective view of a Hner which may be pleated {o
fold and collapse in & consistent manner.

{80951 Figures 55A and 558 show side and top views of a probe which is
configured to flex i the anterior and posterior directions.

{8897} Figure S5C shows a perspective view of a probe having muldtiple probe
sections {(e.g., four sections in this variation} separated by H-slots.

{3098} Figures 56A and 56B show perspective and detail cross-sectional views of
a sheath assembly,

{099 Figure 36C shows a cross-sectional view of a sheath assembly
meorporating a sensor, €.¢., fermperature sensor.

{81091 Figure 57 shows one variation of a sheath bearing tube slidingly passing
through a sheath bearing assembly and then attached to a slider base block asserably
positioned withio the handle assembly.

LI Figure 58 shows a detail perspective view of the connection between the
sheath bearing tube and shider base block assembly.

{3102] Figures 59A and 59B illustrate how the slider base block assembly may be
advanced distally or proximally relative to the handie assembly to expose the probe

length.

[
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{0103] Figure 60 shows a perspective view of one or more optional pressure
sensing Hnes mcorporated along the probe.

{01641 Figure 61 shows a side view of an example of an inflatable Hiner or balloon
located along the outside distal surface of the sheath.

{8105] Figure 62 shows a side view of another example of an mflatable Hner or
balloon located along the nside distal surface of sheath.

{0366] Higure 63 shows a side view of another example where expandabic foan
may be deployed via the outer sheath.

{05671 Figure 64 shows a side view of another example where a heating element
may be located along the inner or cuter surfiace of the clongate shafl.

{01031 Figure 65 shows a side view of another example where a ring balloon may
be inflated along either the sheath or shaft to either insulate the surrounding cervical
tissug or to ensure secure placement of the shaft and/or balloon during treatment.

{6109] Figure 66 shows a cross-sectional side view of another variation where the
outer sheath may be formed as an inflatable structure.

{0110 Figures 67A and 678 show side views of variations of an culer sheath
having a reconfigurable distal end.

TR Figure 68 shows a side view of another variation of a balloon positioned
along an outer surface of the outer sheath.

{0112 Figure 69 shows a cross-sectional side view of one variation of a dual-
sheath design,

{8113] Figure 70A and 70B show cross-sectional detail views of the scaling
between the tnner and outer sheaths.

HUAEY Figure 71 shows a partial cross-sectional side view of another dual-sheath
variation having an expandable balloon contained between the sheaths.

{B115] Figure 72 shows a side view of another variation of a sheath having a
reinforced siructure,

{0116] Figure 73 shows a cross-sectional side view of another variation of an
outer sheath having an adjustable balloon member.

{0817} Figures 74A and 748 show cross-sectional side views of another variation
of an oufer sheath having a reconfigurable distal end.

{8118 Figure 75 shows a cross-sectional side view of the reconfigurable distal

end having one or more hubricious surfaces.

,...
o
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{8119] Figure 76 shows a partial cross-sectional side view of another variation
where the reconfigurable distal end may be attached as a separate component.

{0126 Figure 77 shows a cross-sectional side view of another variation where a
distal end of the cooling probe has a tapered distal end.

{8123 Figure 78 shows a side view of another variation of an outer sheath having
a radially expandable portion.

{0122] Higures 79A and 798 show cross-sectional side views of variations of the
locking mechanism for the expandable portion.

{0823 Figures 80A and 80B show cross-sectional side views of an ifhistrative
example of an overcenter linkage rechanism.

{01244 Figure 81 shows a cross-sectional side view of another variation of an
outer sheath having one or more distal cam members.

{0125] Figure 82 shows a cross-sectional side view of the one or more cam

members deployed in thewr expanded configuration and secured against the cervical

{0126] Figure €3 shows a cross-sectional side view of another variation where the
camumed distal end positioned on a tapered outer sheath.

{27 Figure 84 shows a side view of an example of how the outer sheath may be
imtially deployed and secured and the cooling probe assembly advanced separately.
{0128] Figure 85 shows a side view of another variation where the outer sheath is
configured as & corrugated structure.

{3129] Figure 86 shows a partial cross-sectional side view of another variation of
the outer sheath having an inflatable balloon along an inner surface.

{30 Figure 87 shows a partial cross-sectional side view of another variation of
the outer sheath having an milatable balloon along an outer surface.

{01311 Figure 88A to 8813 show cross-sectional end view of variations of the
outer sheath having an integrated feature to provide further insulation to the surrounding
tissue.

10132] Figure 89 shows an exemplary schematic iHustration of the treatmoent
assembly tegrated mito a single cooling system.

{0133] Figures 90A and 90B show a device for closing the exhaust ffow path to

facilitate a liner integrity check and to also increase the pressure within the uterine cavity.

poes
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{0134] Figures 31 A and 91B show a schematic side view of a flapper valve and a

top view of a gasket within the flapper valve for maintaining exhaust back pressure within

the syster.

{3135] Figures 91C to 91F show schematic side views llustrating an example of
S the flapper valve operation.

{0336} Figures 92 A and 928 show schematic side views of another variation of

the flapper valve.

{8137} Figure 93 shows how the various algorithms may be programmed into the

processor or microcontrolier and how they may functionally interact with one another.

16 DETAILED DESCRIPTION OF THE INVENTION
{3138] Figure | shows a perspective view of one example of the treatment
assembly 18 positioned within a working channel 14 of an endoscope 12 {e.g., orally or
nasally inscrtable scope). In this example, the treatment device 16 iiself may utilize a
fivst catheter 18 having an nflatable or expandable balloon member 22 and a second

1S catheter 28 that may slide freely with vespect to the first catheter 18 and also having an
inflatable balloon member 24 at s distal end. The first catheter 18 as well as sccond
catheter 28 may have a Hguid and/or gas tight seal 38 formed at the proximal end of the
catheters. The mflatable and/or expandable members 22, 24 {(shown in this exarople as
inflated balloons} may be pressurized to effoctively and safely occlude the turnen. The

20 balloons may be filed with chilled or voom terperature fhuid to prevent possible damage
caused by balloon rupture or seepage around the balloon. Pressure withmn the intlatable
or expandable balloon members may also be monitored to ensure that a tight seal hag
been formed within the lumen or body cavity.

gh

=)

{0139 Additionally, the liquid may be introduced into the treatment arca throu
25 alqguid and/or gas port 28 and into the lomen of the catheter which terroinates with the
proximal balloon 22 and leaves the catheter through perforations or holes 32 within the
second catheter 28 which terminates in the distal balloon 24, although this flow path may
easily be reversed if necessary. Alternatively, one or more ports can be designed into the

humen between the distal 24 and proximal 22 balloons, such that the heated or cooling

L4}

[

fhd exiis one or more poris 32 in the lurens near the distal balloon 24, and is then

evacuated in a port or ports designed within the fumen of the frst catheter 18 nearest the

proximnal balloon 22, In this vaniation, the endoscope 12 may insulate the catheters
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aflowing the catheters to be muuch smaller than would be otherwise possible and allowing
it to {it within the working channel 14 of a standard endoscope 12. One or morg 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 Hquid/vapor. In the
manner, Hguid/vapor flow may be controlled by the pressure sensing elements within the
body cavity/fumen to ensure that safe pressures are never exceeded. Manual controls may
be used for creation and/or maintenance of these pressures (e.g. syringes with stopcocks)
or automated and/or semi-antomated systems can be used as well {e.g. pumps with PID
loops and pressure sensing interconnectivity. Although the liquid and/or gas for tissue
treatment may be heated or chilled prior to infroduction info the treatment arca in contac
with the tissue, the hguid and/or gas may alternatively be heated or chilled after
mtroduction into the treatment area and already in conlact with the tissue.

{0340] Figure Z shows an example where the second catheter 28 and distal
balloon member 24 is shidable relative to the proximal balloon 22, This examples
Hustrates the endoscope inseried through the nasal cavity and advanced through the
esophagus ES where the catheters 18, 20 may comprise single or mulii-lomen catheters
having Wflation lomens for the distal 24 and proximal 22 inflatable/expandable clements,
mfusion port and extraction port. At least one of the catheters may be fitted with cither a
pressure transducer 42 or a humen to carry the pressare signal from the treatment area
back to the controller or dial gange. Pressure sensing may be accornplished through a
small, air capsule proximal to the distal balioon 24, but within the treatment arca. Both of
the balloons 22, 24 may be inflated along the esophagus ES 1n the proximity to the
gastroesophageal junction GJ proximal to the stornach 8T to create a treatment space 48
which encompasses the tissue region o be treated.

{01438 In an alternative embodiment, an extraction lumen may be onutied as a
preset dose of heated liquad and/or gas may be dehvered, allowed o dwell and then either
extracted through the same fumen or rendered harmless with the mnfusion of cold fluid,
This treatment algorithm would provide an even siopler therapy and would rely on the
exclusion of a certain area and exposure of that arca fo a hquid or vapor with the desired
energy. Infusion of the Hauid or vapor may be controlled to ensure that the {reatment area
is 1ot exposed 1o excessive temperatures.

{31424 Figure 3 shows another example where the treatment assembly 16 may

in communication with a controller 88, such as a logic controller. Controller 58 may
control certain parameters such as mfusion pressure 84 of the fluid as well as fluid

~
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temperature 36 and it may be coupled to the assembly by one or more cables 82. The
pressure in the treatment arca, the clapsed time, the temperature of the ffuid, and the
extraction rate may also be monitored and controlied.

{01431 Figure 4 shows a detail view of the treatment area 48 defined, in this case,
by two balloons 22, 24. The first catheter 18 may open mto the lumen just after the
proximal baloon 22 and this catheter 18 may be inserted along with or prior to insertion
of the second catheter 28, The first catheter 18 miemal dismeter is greater than the outer
diameter of the second catheter allowing for hquid (and/or vapor) to be infused or
extracted around the outer diameter of the second catheter 28, The second catheter 28 a
first tumen for balloon inflation and a second lumen for evacuating the treatment region
48, With the balloons inflated into contact against the esophagus ES, the treatment area
48 may encompass the tissue region to be treated, e.g., a lesion 68 such as Barrett’s
csophagus or esophageal cancer lesion and the distal end of the endoscope §2 may be
positioned foto close proximity to proximal balloon 32 and the treating hquid and/or gas
66 may be infused through the annalar tumen 78 defined throogh first catheter 18 and
between second catheter 20 such that the fluid & may enter through opening 62 into the
treatment region 48 while contained by the bafloons. Ouee treatinent has been completed,
the fhuid may be evacuated 68 through one or more openings 84 Jocated along the second
catheter 28 proximal to distal balloon 24 and proximally through the second catheter 20
through the evacuation humen 72, As previously mentioned, a pressure sensor 42 (e.g.,
pressure measuring air capsule) may be positioned along either the first 8 and/or second
28 catheter for sensing the varioos parameters. Additionally, the treatment liguid and/or
gas may include any mumber of hquids, vapors, or other chemically active {e.g.,
chemotherapeutic) or tnactive compounds for additional freatments o the tissue.

{3144 In the event that the treatment 18 provided by a simple timed dwell, the
extraction 72 and mfugion 78 lomens may not both be utthzed. The pressure sensing
clement 42 (solid-state, piezoelectric, or other method) may be located on cither the first
ot second catheters and the second catheter and may comprise a simple shidable balloon.
A pressure sensor for the treatment may be omitted so tong as the pressure can be
controlled by other mechanisims, e.g., a check valve or a simple gravity fluid column. An
active pressure measurement, though, may ensure that safe pressures are not being
exceeded.

{8145] The second catheter 28 may fit easily within the first catheter 18 and may
be slid inside the {irst catheter 18 until its distal balloon 24 is distal to the {irst balloon 22.

g
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The distal balloon 24 may then be intlated just beyond the distal portion of the treatment
arca 48 and the endoscope 12 may be pulled back. The most proximal extent of the lesion
& may theo be identified and the proximal balloon 22 roay be inflated proximal to this
area. Unee the treatment arca 48 bas been enclosed {which may be verified by mfusing
hguid 66 and/or vapor under visualization and observing the seal around the balloon,
balloons and/or expandable member) the luren or body cavity may then be filled with the
treatment liguid and/or vapor o a safe pressure. The higquid and/or vapor may also contain
active agents (e.g. chemotherapeutic and/or anesthetic agents) and comprise more than
siraply an inactive liquid and/or vapor. Options would be for the active agents to be
debivered prior to, during and/or post treatment of the heating {or cooling} quid and/or
VApOT.

{8145] As the treatment assembly 16 does not contain the treatment hquid or
vapor within a balloon(s) or expandable member and allows i to freely flow over the
treatment arca, the therapy may be applied consistently leaving no areas leff untreated (as
1s freqoently seen with balloon nfusion-based or RF therapies). Additionally, treatment
may be accomplished with a beated liquid {rather than a high encrgy electrade or
excesstvely hot vapor) or a more controfled treatment can be achieved through the use of
a refatively cooler hauad with a longer treatment time. In addition, the esophagus ESisa
fhad transport type organ (fJumen} and may be more compatible 1o fluid based therapies
than with R¥F-based therapies. It is also believed that the safety margin of such treatments
may be betier than with an RF-based therapy.

{0147} Figure 5 shows an alternative embodiment of the device in which the first
catheter 18 and second catheter 28 of the treatment assembly 16 may be inserted
alongside an endoscope 12 which may be used to provide for visualization. Duc to the
small size of the catheters, this embodiment is feasibie.

{81438] Figures 6A to 6C illastrate an example for a placement procedure for the
assembly for the treatment of a body luomen such as the esophagus ES. The catheters may
be inserted stmuitancously or separately through the working channel of the endoscope
12, 1o one example, the larger fivst catheter 18 may be inserted fivst followed by nsertion
ofthe second catheter 28 within the lumen of the first catheter ¥8. Once both single or
multi-umen balloon catheters have been inserted and after the endoscope $2 has been
advanced through the esophagus ES and into proximity to the tissue treatment region, the
distal balloon 24 may be advanced to define the distal end of the treatiment area and
inflated {c¢.g., with chilled, room or body temperature fluid) while under visualization

g
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through the endoscope 12, as shown in Figure 6A. The endoscope 12 may then be pulied
back until the proximal end of the desired treatment area has been identified and the
proximal balioon 22 may be slid over the shaft of the second catheter 28 and nflated
{e.g., with chilled, room or body teroperature fhud) at a site just proximal to the most
proxumal portion of the lesion, as shown in Figure 6B.

{0149} With the treatment area 48 now enclosed by these balloons, an optional
pressure capsule 42 {e.g., solid state, piezoeleivic or other pressure sensing method) may
be inflated and the treatment may proceed, as shown in Figure 6C. The treatment session
then exposes the lumen or body cavity to fluid pressurized to a positive pressure in the
range of, ¢.g., 3-100 emHZO (although this pressure may be maintained at a level below
an inflation pressure of the nflation balloons) at fermperatures between, e.g., 50 and 100

degrees Celsius, for a pericd of, e.g., 1 second to 10 minutes. Additionally and/or

allernatively, the treatment area 48 may be lavaged for a period of time with an anesthetic
{c.g., idocamne or bupivicaine) to reduce pain with the procedure prior to the application
of thermal energy or other active compounds. Accordingly, ablation may be
accomplished at a consistent depth of, ¢.g., about 0.5 num, throughout the esophagus ES.
U R Figures 7A to 7C tlhustrate another example for treatment of an enclosed
body cavity {shown here as a bladder BL). In this exanple, 2 single balloon may be used
o effect nfusion and extraction of the treatment fhad, Pressure may be monttored to
ensure that the therapy is safe and a relatively lower temperature fhiid may be used (¢.g.,
42-100 C) so that the entire cavity may see a controlled, uniform thermal foad. The order
or catheter placement may vary as may the sequence for balloon inflation or exposure to
active or inactive ligquid 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
fhuid catheter 28 may be advanced into the Tumen. With the endoscope 12 inserted and
occlusion balloon inflated 34 {c.g., with unheated fluid} to scal the organ, a pressure
sensor 42 may also be optionally inflated to measure pressure, as shown in Figure 7B.
Optionally, an anesthetic or pre-treatment medication may be delivered into the bladder
BL, if so desived. Then,  high or Tow temperature thud 88 may be circulated within the
bladder BL under pressure adequate to safely distend the organ to ensure complete
treatment, as shown in Figure 7C.

{0158 Figures 8A to 8C illusirate another example for treatment where the use a
fhad lavage to prepare the treatment area (here shown as the bladder BL) may be
accomplished prior to application of thermal {or cooling) energy and/or active

20
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As previously deseribed, the endoscope 12 and catheter 28 may be
ntroduced tnto the bladder BL and

bsequently sealed with the vechusion balloon 24, as
shown i Figures 8A and 8B. Preparation of the treatment arca may mvolve use of an

mchude, ¢

nesthetic to decrease pain during therapy or the use of an arterial constrictor to reduce
blood flow to the organ or lumen. Alternatively, other pre-treatment {tuids 82 may

., anesthetie, vaseular ¢

constrictor, chifled fluid, active

component antidote, cte,
shown in Figure 8C

et )
lavage with the treatment fluid 88 may be mirodaced into the bladder BL for treatment, as

he pre-treatment fhuid 82 may be evacuated (or feft within the bladder BL) and the
16

101521

Altematively, the pre-treatment fluid 82 may also be chiled (or heated) to
cool (or warm) the hurnen or organ prior to treatment so that the therroal {or cooling}

energy may be applied to the internal surface of the himen or body cavity with minimal
fransmission or conduction of th
tissu

fevated (or cooling ) temperatures to the submucosal
es {or tissues hning the body organ or lumen). Utilizing the pre-treatment of the area

of therapy. For example, strictures and/or stenosis {or d
A1 (a -

may avoid damage to the underlying tissues to thereby avoid many of the comphcations

b

[

ightening} of the tissue can be
avoided by controlling the depth of penciration which may be controlled by pre-treating

the area with a chilled fluid so that the submucosa can absorb sigficant amounts of b
without reaching damaging temperatures
{01583

The depth of penetration may also be controfied through the use of a fower
ternperature thaid for thermal ablation so that the submwuicosa can cool itself with its rob
vaseular circulati i

an active compound s u

wowlation (which is less robust in the mucosa and epithehum). In the event that
patient (either syst

ssed, as wekll, an antidote to this corpound may be delivered to the

teroically or as a local pre-treatraent) so that the underlying tissues and
submucosa are not damaged. One exarople of this 1s the use of powerful antioxidanis

{systemically or locally} prior to lavage of the esophagos with, ¢.g., methotrexate. The
thotrexate may have a powerfol effect on the tissues to which it is dir
the lumen or body cavity, but the anti-oxidanis v

tly exposed in
way prevent deeper penctration of the
thotrexate. The neutrabizing compound may also be placed withan the balloon or m )
lumen of surrounding tumens or body cavities to prevent exposure of these areas m the
it of balloon ruptus
{8154 Figure 9 shows another example where the distal occlusion member may
beo ito an wmbrella-hi

onfigured into an vimbrella-like element 88 which may be expanded in the stomach

ST and placed over a tissue region which is typically difficult to occlude by a balloon.
21
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For instance, such a shape may allow for ablation of the lower esophageal sphincter LES
at the gasiroesophageal junction (or other sphincter region if used elsewhere). The
expandable, unnbrella-tike structure 98 moay forme a fom seal at this site while allowing the
ablation fluid (hot or cold) to contact the entire gastroesophageal junction. Once
expanded, the umbrella-like element 88 maybe held firmly against the stomach ST by
traction on the endoscope 12 or by a tensioning element on the catheter and balloon itsclf
{0155] in addition, this element 90 may optionally incorporate a biased or spring-
loaded element or other external force mechanism to provide steady pressure and a firm
seal against the stomach Hning., Alternative siructures may also incorporate a more
complex, nitinol cage {or other rigid material} connected by a thin, water-tight film. For
example, nitinol reay be used to decrease the overall profile of the obstruction element
and increase its strength and durability.

{6156] Figure 10 shows another example which utilizes an endoscopic balloon
sheath utilized as a distal occluder allowing for exposure and treatmeent of the distal
gastroesophageal punction. In this erbodiment, the second catheter 26 may have a distal
occiusion bafloon 188 which may be passed through the working channel of the
endoscope 12 or through a channel incorporated into the balloon sheath itself (outside of
the actual endoscope). Once expanded nto an enlarged shape, the balloon 108 may be
retracied to 11t entirely over the lower esophageal hmetion LES to form the distal seal by
traction on the endoscope 12 or by a tensioning clement on the catheter and balloon itself.
This gastric occlusion balioon may allow for exposure of the gastroesophageal junction
while preventing fluid fow into the stomach 8T. The balloon 22 may be configared to be

saddic-shaped, circular, wedge-shaped, ete. It may also be self-expanding and non-

inflatable,
{357 Additionally, the proximal balloon 22 may be configured to be part of

sheath that is placed over the tip of the endoscope 12 or it may be formed divectly upon
the endoscope tip ttschf. An inflation lomen may run inside the endoscope 12 or i may
run alongside the endoscope 32 1n a sheath or catheter. The balloon sheath may also
meorporate a temperature sensor, pressure sensor, efe. Moreover, the proximal ocelusion
balloon 22 may optionally incorporate a temperature or pressure sensing element {or the
therapy and it may be positioned either through the working channck(s) of the endoscope
12 or alongside the endoscope 12 within the endoscopic balloon sheath,

{01581 In yet another embodiment, in order to reduce the risks associated with
fiuid flow and lavage, a fluid or gel may be infused inio the esophagus between the
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balloons then heated or frozen in situ in order to provide the desired ablative effect
without circulating any fluid or gel. In one example of this configuration, a gel may be
wfused into the esophagus and pressurized to a safe fevel {e.g., 30-100 nunHg) which
may be then rapidly chilled using, for example, a compressed gas and/or a Peltier
junction-type cooling element. The gel may freeze at a temperature below that of water
and allow for rapid ransmission of the ablative temperature to the tissues being treated.
This gel may also be a Hguid with a freezing point below that of water i which case the
treatment zone may be lavaged with this floid prior to treatment {o 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 nto the stomach. Inthe

event that a Peltier cooling or heating clement 1s used, the polarity may be reversed once

therapy is complete m order to reverse the temperature and terminate the ablation session,
{0359 The distance from the lower end of the distal most portion of the catheter
can be on the order of about 150mam. The distance between the proximal and distal
balloons are adjustable by the operator but can be adjusted, e.g., from as small as Omm to
as large as 25cm. The treatment zone may have a range of, ¢.g., 3 to 15cm.

{0166 In yet an additional embodiment, an energy generator {e.g., a R¥ elecirode
or hot wire or other energy source} may be advanced info the treatment arca in 4
protective sheath (lo prevent direct contact with body tissues) and energy may be apphed
to the treatment fluid to heat it to the desired toraperature. Once the fluid is adeguately
heated and enough time has passed 1o achieve a controlled ablation, the fiuid may then be
evacuated or neutralized with the influx of eolder fluid. This emmbodiment would allow
for a very low-profile design and would not require any {luid heating element outside of
the body.

LT In another variation, the cavity or lurnen may be exposed to the hot water
at a teraperature of less than, e.g., [00 degrees Celsius, but greater than, e.g., 42 degrees
Celsius, to allow for casier control of the treatment due a longer treatment period. Ranges
for optimal hyperthermic treatment include teraperatures between, .g., 42 and 100 C and
exposure periods ranging from, ¢.g., 15 seconds to 15 minutes. In this embodiment,
treatment may be effected with an active {e.g., Methotrexate) or inactive fluid at a
temperature of, e.g., 90 degrees C, for a period of, ¢.g., 5-60 seconds, depending on the
depth of penetration destred.

{8162} Figure 11 shows another example of an endoscopic balloon sheath which
may be used (o provide proximal occlusion of the treatment arca 48 and may house one or
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more of the temperature and pressure sensors. This variation may incorporate a
stirving/agitating or recirculation mechanism 118 incorporated into the device which may
actuated within the freatment arca 48 once the treatrent fluid has been infroduced to
allow for even cooling/heating. The distal occlusion balloon 108 may be milated within
the stomach 8T and pulled proxamally with controlied traction against the gastric portion
of the lower csophageal sphincter LES, as proviously described.

{0163] in this exaraple, a chilled liguid favage (or vapor infusion} raay then be
mitiated and the tissue ablated via freezing. A pre-treatment lavage, ¢.g., 8 hyperionic,
hyperosmotic saline sohition, may be introduced with above freczing temperatures
followed by a sub-zero temperature lavage to ablate the tissues within the treatment area
48. The hypertonie, hyperosmootic thad may achieve temperatures down to, e.g., -40
degrees C, without creating ice crystals in the treatment arca 48 due to the pre-treatment
lavage removing any free water. The treatment fhud following the pre-treatment lavage
may have temperatures of, e.g., -2 degrees C to -40 degrees C, for ablation or raore
particularly a temperature vange of, ¢.g., -5 degrees C to -20 degrees C. This temperature
range may alHow 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 easily
achieved with hypersalination of aqueous {luid using sediam chioride and may inhibit any
undesired damage to tissues with brief 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
ipaction of ice crystals and prevent any further {fluid flow outside of the treatment zone.
This hypersalinaied water solution is but one freezing solution, though, and any aqueous
or non-agueous hguid or vapor that can be miused and extracted at this temperatare could
beused. Alternatively, cryocablative fhuid can simply comprise nitrous oxide (NG} or be
formied by cooling ethanol or another agueous or lipophilic luid with subzere cooling
teraps with corapressed gas or dry ice. In another aliernative, compressed CO» or dry ice
may be introduced mto the thud (e.g., ethanol, butyvlenes glyeol, propylene glyeol, ete) to
cool it to, e.g., -50 degrees C or below.

{3164] Despiie the potential for toxicity, cthanol may be used for a tiguid lavage
since ethanol resists {reezmg down to - 118 C and is relatively bioconpatble although
cthanol is dose dependent for toxicity. A hguid lavage with about 75% to 99.9% cthanol

concentrations may be utilized to good effect and have been demonstrated (o show that a
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freeze layer develops very rapidly which also inhibits further ethanol absorption. For
instance, a concentration of 95% ethanoel may be introduced at a temperature of about

Z., -80 10 -50 degrees C, for a treatinent timne of about, e.g., 5 minutes, utiticing 0.25 to
8.5 hiters of the ervogenic fhad. An ethanol copper composition may alse be very useful
since ethanol resists freezing whereas agueous fluids will freeze and expand thereby
moving the metal particle out of direct contact with the tissue.
{0165] in the event that nifrous oxide is used as the cryogonic fhid, the nitrous
may be introduced through a nozzle or spray at a pressure of, ¢.g., 600-800 psi, at a
temperature of about -88 degrees C. Such a temperature and pressure may be utilized for
a treatment time of about, e.g., 3 minutes,
{01661 The use of a subzero sohution within this range may also allow for fine
control of the treatment depth as tissue damage would not begin to ocour until 4

:

teraperatore differential of about 37 degrees C is achieved {assuming a body temperatore

&

of 37° C}, but once this threshold is reached tissue damage oceurs rapidly duc fo ice
crystal formation. In contrast, tissue damage i3 on a continuous spectrum with
hyperthermia and damage may begin to occur at a teroperature differential of, e.g.,
degrees C. Thus, the ability of the vasculature to protect the underlying Hssues from
damage is greatly reduced due to the small difference between the temperature of
protective blood versus the temperature of the ablating fhuid. With hypothermic lavage,
the protective biood may differ by, ¢.g., 37 degrees C, in temperature and may thus allow
for control of ablation depth based on the temperature of the fluid lavage and the tirge of
EXPOSUTE.

{3167} Figure 12 illustrates another variation where a conforming balloon 111
having an adjustable size o diaraeter as well as in length may be positioned along or near
the distal end of the catheter 18. The conforming balloon 1311 may be advanced within
the esophagus (shown here in the esophagus but applicable to any cavity} in a collapsed
state. Once the balloon 131 has been desivably positioned along the length of the
csophagus ES to be treated, the catheter 18 may optionally viilize 2 vacuum which may
be drawn along the entire length of the balloon 111 through perforations or openings m
the balloon 111 to serve as a safeguard to prevent migration of ablation hquid, gas, and/or
conductive material in the event of balloon rupture. The vacuum may also be utilized to
remove air, fluids or particulate between the outer wall of the balloon 131 and the tissue
o improve contact and thermal transfer from the hyperthemic or cryogenic fhuid and to
the tissue. Additionally and/or alternatively, a distal vacuum may be drawn through a
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distal port 117 distal to the balloon $11 either alone or in conjunction with a proximal
acuum port 115 proximal to the balioon 15,
{0568] With the catheter 18 and balioon 111 desirably positioned for treatment, an
maulating sheath 113 may be advanced over the catheter 18 and over the length of the
balloon 111 to vary an mnflation length of the balloon $11 emerging from the insulating
sheath 113, The variable length of the nflated balloon 11§ may be adjusted to allow for
treatment of any varying lengths of the esophagus ES during a single ablation treatment.
Such a design may prevent dangerous ablation overlap zones of ablated tissue.
{3169] The balloon 111 itself may be comprised of a compliant or non-compliant
material but 1n cithor case be capable of divectly contacting the fissucs to be ablated. The
balioon 111 may accordingly be filled with a hyperthenmice or eryogenic material and/or
mmay use lgud, gas, and/or conductive solids, as described herein.
{6170] Although iHusirated esophageal therapy, this th culd be used in any
body cavity/flumen for therapeutic purposes including, but not himited to, gastrointestinal
therapy, stomal tightening (e.g., post bariatric surgery}, urogynecologic uses {freatment of
cervical pre-cancers or cancers, endometrial lining treatment, siress incontinence
therapy), prostate therapy, miravascular therapy (e.g., varicose veins) or treatment of any
other body cavity/lumen. In the cvent 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
cyching or dwell may then be accomplished with use of a pressure-controlled exposure of

the cavity or tumen,

{0171} Figures 13A and 3B show another example of how the system may be
troduced oto, e.g., a uterus UT, through the cervix for treatment via the lavage catheter

28, In this exarople, the catheter 28 may have a diameter of about, e.g., 8 mum, or in other
examples, a diameter of about, e.g., less than 6 nyn. fofusion of the lavage fuid may
folly distend or partially distend the sterine walls. Optionally, catheter 28 may
mcorporate a tip 128 to perform one or more functions including, e.g., an expandable
cage or scaifold to prevent divect exposure of a cryoprobe to the tissue walls of the wierus

oo

UT, an agitator or recirculator to ensure even distribution of eryoablation effect, etc. A

o

previously described, the system may be used with lavage or with infusion then cryoprobe
chifling of fluid. In an alternate embodiment, infusion of an antifreeze {luid and tnsertion
of the cryprobe may be done separately with chithng of the anti-freeze done after the

Cryopr obe ingertion,
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tracking or visualization (¢.g., hysteroscope, endoscope, ulirasound, ete.). Pressure may
be regulated by a prossure sensor in Hoe with the infusion or extraction lumen or a
dedicated pressure lumen n a multi-tumen catheter. Additionally, pressure roay also be
regulated by lmiting miusion pressure {e.g., height of nfusion bag, maximum pressure of
nfusion pumyp, tc.). Any organ, body cavity or hurnen may be treated using the
described lavage and/or infusion/cryoprobe technique described here for the uterus.
{8173] Figures 14A and [4B illustrate another vaniation of a treatment system
which utilizes a thermally conductive array of fibers, cage, or lattice 138 which may be
deployed within the uterus UT. o this variation, the endoscope 12 maay be advanced
through the cervix and at feast pariially into the uterus UT where the array of fibers or
lattice 138 may be deployved from the endoscope 12 distal end where the array 130 may
be positioned in a compressed state for delivery, as shown in Figure 14A. The array 138
may be advanced into the vterus UT where it may then be expanded ioto a deployed
configuration 13, as shown in Figare 148, The individual ervogenic probes of the
expanded array 13§ may be in fanned out relative to the distal end of the endoscope 32 in
various directions to come into direct contact or close proximity to the tissue to be treated.
{81744 Followmg deployment, the deployed array 13%° may be cooled rapidly to
ransmit the heat within the uterine walls to the array 138 o provide a consisient
cryoablative effect throughout the body cavity or lumen, The merbers of the array 3%
may be cooled either via conductive cooling or by an infusion of a cooling fluid (as
described herein) through the members of the array 138, Similar to the conductive fhad,
the cooled array 138 may provide for the consistent ablation of the entire lomen with a
single application of the array 138", The individual mombers of the array 13¢°

{8175] Additionally and/or alternatively, the array 138" may be wsed
conjunction with a fluid mfusion and/or favage in order to optimize therapy. One or more
sizes and shapes of the array 138" may be available depending on the size and shape of
the cavity to be treated. Morcover, the array 130 may be formed from any materal so
long as it has a thermal conductivily greater than, ¢.g., 2 W/m-K, such as a metal with a
relatively high thermal conductivity.

{3176] Figure 15 shows ancther variation of 8 device which may wtilize cryogenic
favage treatment withan the uterus U1, o this example, the distal end of the endoscope
¥2 may be advanced through the cervix CV and into the uterus UT where a cryoprobe
149 may be deployed, as shown. One or more inflatable balloons 144 may be expanded,

2
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e.g., within the external os, or a balloon 142 along the outer surface of the endoscope 12
may be inflated within the length of the os itself. Aliernatively, a single balioon {e.g.,
having an hourglass or dumbbell shape) roay be 1nflated fo block both the external os and
the length of the os #self. With the uteras UT obstructed, the eryogenic treatment or
lavage may be performed within the uterine fumen.

{61771 Another variation is illustrated in Figure 16 which shows endoscope 12
advanced through the cervix CV with the distal end 156 positioned within the utering
lumen. An optional balloon 1582 located near the endoscope distal end may be mflated
within the uterus UT and then pulled proximally against the internal os with a fixed
amount of tension 1o obstruct the opening. Additionally and/or alternatively, a proximal
balloon 154 positioned along the endoscope 12 proximally of where the cervix €V 18
located may also inflated to further provide for obstraction of the entire os. Then external
cervical engagement portion, ¢.g., proximal balloon 184, may be fixed in place relative
portion of the endoscope 12 spanning the cervical os to provide consistent tension. The
proximal balloon 154 may also have a spring-type fimetion to provide for consistent
tension regardless of tissue relaxation and accoramodation.

{0178] With the uterus UT obstructed, the endoscope 12 may theo be used to
provide for the cryogenic treatment ot lavage. Optionally, the endoscope 12 may also
mcorporate one or more vacuum ports along the length of the shaft to seal and provide a
safeguard against fluid flow cut of the uterus UT.

{8179] Optionally, the uterine comu may be temporartly obstructed to block the
openings of one or both Fallopian tubes prior to the cryogenic treatment. The ocelusive
clement(s) 158A, 15388 may comprise, ¢.g., balloons, inserts, encrgy-based ablation to
contract the aperture, hydrophilic or hydrophobic gel-based solutions, or any other
modality that is capable of reversibly or irreversibly sealing the Fallopian tube. The

optional Fallopian tube geclusion may be temporary or permanent (f sterility 1s desired).

75}

{6180 {Umnee the eryogenic procedure has been completed, the occlustve element
E58A, 1588 oay be removed or allowed to passively crode. Alternatively, they may be
left oecluded for those desiring sterihity. Occluding the uterine comu priot o a lavage
may allow for greater fluid pressure and fluid How within the lerus UT.

{3183} Figures 17A and 178 illustrate another variation of a low-pressure
conforming balloon. in this variation, a conforming balloon 168 may be deployed from
the distal end 186 of the endoscope 12 and then mflated with the eryogenic liguid/gas (as
described herein} while in uteras UT. The balloon §68 may be formed to resist rupture at
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low and high temperatures and may be further configured to conform well to the anatomy
of the uterus UT. For example, the balloon 168 when inflated may have a shape which
approximates the lumen in which it is inflated and/or come in various sizes to
accommodate different patient anatornies. In the present example, the expanded balloon
1687 may be formed to taper and have two portions rounded portions for expanding into
intimate contact at the uterine cornu UL, as shown, without painful deformation or
distention of the wterus UT at a pressure, e.g., less than 150 mmHg.

{3182] Moreover, the expanded balloon 168° may have a wall which is relatively
thin {e.g., 0.040 in. or less) to facilitate thermal conduction through the balloon. The
batloon 166 may also be sufficiently thin such that folding of the balloon 168 on iself
does not create a significant thermal barrier allowing for an even ablation in the event that
a non-comphiant balloon s used. For treatment, the expanded balloon 168° may be filled
with the cryogemic liguid, gas or a thermally conductive compound (as described above}
to subject the contacted fissue to either eryogenic and/or hyperthermic injury {c.g., steam,
plasma, microwave, RF, hot water, etc). Additionally and/or alternatively, the balloon
§68° rmay alse be used to transmit photodynamic therapy hight to the uteres UT or
esophagus B8, This modality may be used 1o achieve ablation of any body cavity or
fumen.

{3183 Additionally, one or more vacuom ports may be used anywhere along the
length of the shaft to scal and provide a safeguard against fhuid fow out of the uterus UT
n the event of balloon rupture. Additionally, one or more inflatable os balloon 168 may
also be used to block the mnternal or external os, as also described above.

{3184] In another variation, to facilitate the balicon expanding and conforming
readity against the tissue walls of the uterus U, the balloon may be inflated with a gas or
hquid. Alternatively, as shown in Figures 18A 1o 1813, the balloon may be filled partially
or completely with a conductive material. As shown in Figure 18A, once the clongate
shaft §78 has been introduced throogh the cervix €V and nto the uterus UT, the distal
opening 172 of the shaft 170 may be positioned distal to the internal os and balloon 174
may be deploved either from within the shaft 178 or from an external sheath (described
below in firther detail). The balloon may be deployed and allowed to snfw? or unwrap
within the uterus UT, as shown in Figure 188, The cooling probe 78 may be introdoced
through the shaft 172 and into the balloon interior (or mtroduced after insertion of the

conductive slements}.
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{0185] Because the balloon 174 15 used to contact the tissye and thermally
conduct the heat through the balloon, the baloon material may be comprised of various
materials such as polyurethane, fluorinated cthylone propyiene (FEP), polyether ether
ketone (PEEK), low density polyethylene, polyvethylene terephthalate (PET),
polyvinyhidene fluoride (PVDF), or any number of other conformable polymers.
Moreaver, the balloon material may have a thickness which remains flexible and strong
vet sufficiently thermally conductive, e.g., about 8.0005 t0 6.015 in. Such a thickoess
may allow for the balloon to remain supple enough to conform desirably to the underlying
tissue anatorny and may also provide sufficient clarity for visuahzing through the material
with, e.g., a hysteroscope.

{0185 The conductive elements 182 may be introdiiced mto the balloon interior
through an annular opening 188 within the distal end 172 of the shaft, as shown in Figure
18C, until the balloon 174 is at least partially or comapletely filled with the elements 182
The conductive clements §82 may generally comprise any nurober of thermally
conductive elements such as copper spheres or some other inert metal such as gold.
These conductive clements 182 may be atrawmatic in shape and are small enough to fill
the balloon interior and conform the balloon walls againat the uterine walls UW to ensure
consistent contact with the tssue, e.g., about 20 mi in volume of the eloments 182, The
conductive elements 182 may also help to fill any air pockets which may form
particularly near the tapered portions 176 of the balloon and insulate the tissue from the
ablative effects of the eryocablative fhaid.  For instance, the conductive elements 182 may
be formed into spheres having a diameter of] e.g., 8.8 mm to 4 mm or larger. To ensare
that conductive clements 182 are folly and evenly dispersed throughout the balloon
wterior, the elemenis 182 may be introduced through the shafi $70 via an ojector or push
rod, auger, compressed ain, ete. In particular, the conductive elements 182 may 11 the
tapered portions 176 of the balloon 174 to ensure that the balloon is positioned proximate
to and in contact with the ulerine corng UC to fully treat the interior of the uterus UT, as
shown in Figure 180

{3187} With the conductive elements 182 placed within the balloon 174, the
cryoablative fhud may be introduced within and through the balloon 174 such that the
conductive clements 182 facilitate the thermal transfer from the contacted uterine walls
UW. Onee the eryoablative freatment has been completed, the conductive elements 182

mmay be removed through the shaft 178 via a vacoum force or other mechanical or



WO 2014/189601 PCT/US2014/023545

10

30

electromechanical mechanisms and the balloon 174, once emptied, may also be
withdrawn from the uterus UT.

{0188 The cooling probe 178 introduced into the interior of the balloon 374 may
comprise a number of different configurations which facthitate the introduction of the
cryoablative fluid into the balloon 174, One such vaniation, similar to the variation shown
above in Figure 148, is illustrated o the detail view of Figure 19, In this variation, the
shaft $78 may bave one or more cooking members 198A, 1868, 196C, 190D which
project from the distal end of the shaft 178 at various angles. Although illastrated with
four cooling members extending from the shaft 178, any number of cooling members may
be used at a variety of different angles and lengths as desired. Moreover, the cooling
members may be fabricated Som a number of matenials, e.g., polymude, Nitinol, ete.,
which are sufficiently strong and temperature resistant for the relatively low temperature
of the fluid. Each of the cooling members 18984, 1988, 190C, 190D in this cxample may
each have an occhuded tip 192 and at least one opening 194 defined along the side of the
cooling member. The ceryoablative fhud may be flowed throagh the shaft 178 and into
cach cooling member where the fhuid may then be sprayed or giected through the
respeciive openings 194 for distribution throughout the mterior of the balloon for cocling
the contacted uterine tissue.

{3189 Another variation of the cooling probe s iHustrated in the detail view of
Figure 20 which shows ¢longate shaft 178 baving a rotating base 288 and spray mermber
282 positioned upon shaft 178, The spray member 202 may have a surface which is
meshed, latticed, perforated, cte. such that the cryoablative fluid introduced through the
shaft 178 may enter the rotating base 288 and spray member 282 where it may be cvenly
dispersed through the spray member 282 and into the interior of the balloon 174 for
treatment. The pressure of the fluid may rotate the base 288 about its longrudinal axis, as
shown, to further facilitate the distribution of the cryoablative fluid within the balloon
174,

{31596] The coohing probe 178 as well as the balloon assembly raay be variously
configured, for instance, in an mtegrated freatment assembly 218 as shown inthe side
view of Figure 21 A, In this variation, the assembly 210 may integrated the clongate shaft
§78 having the balleon §74 extending therefrom with the cooling probe 178 positioned
iranslatably within the shaft 170 and balloon 174, A separate transiatable sheath 232 may
be positioned over the elongate shaft 178 and both the elongate shafl 178 and sheath 212
may be attached to a handiec assembly 214, The handic assembiy 214 may further
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comprise an actuator 216 for controlling a ranslation of the sheath 212 for balloon 174
debivery and deployment. The sheath 212 may be configured to have a diameter of, e.g.,
5.5 mm or less, to provent the need for dilating the cervix.

{0198 With the sheath 212 positioned over the elongate shaft 178 and balloon
174, the assembly 218 may be advanced through the cervix and into the uterus UT where
the sheath 212 may be retracted via the handle assembly 214 to deploy the balicon 174, as

A
4
i

shown in Figure 218, As described above, once the balloon 174 is inttially deploved
from the sheath 212, it may be expanded by an imitial burst of'a gas, e.g., air, carbon
dioxide, ¢tc., or by the cryogenic fhuid. In particular, the tapered portions of the balloon
174 may be expanded to ensure contact with the uterine cornu. The handle asscrobly 214
may also be used to actuate and control a tongitudinal position of the cooling probe 178
relative to the elongate shatt 178 and balloon 174 as indicated by the arrows.

{6192] In another variation of the treatment assembly, Figure 21C shows a
perspective view of a cryoablation assembly baving a handle assembly 211 which may
mtegrate the electronics and pump assembly 215 within the handle itself. An exhaust
tube 213 may also be seen attached to the handle asserably 231 for evacuating exhausted
or excess cryoablative fluid or gas from the liner 174, Auny of the eryogenic fluids or
gases described herein may be utilized, ¢.g., compressed Hquid-to-gas phase change of a
compressed gas such as mitrous oxide (N;3), carbon dioxide (C0;), Argon, ete. The
cooling probe 178 may be seen exiending from sheath 212 while surrounded or enclosed
by the balioon or liner 374, Hence, the bandle asserably 211 with coupled cooling probe
178 and liner 174 may provide for a single device which may provide for pre-treatment
puff-up or inflation of the liner §74, active cryoablation treatment, and/or post-treatment
thaw cycles.

{81931 The bandle asserobly 213 may also optionally meorporate a display for
providing any number of indicators and/or alerts to the user. For instance, an LCD
display may be provided on the handie assembly 211 (or to a separate conirol unit
connecied to the bandie asserably 231} where the display counts down the treatment time
m seconds as the ablation s occurring. The display may also be used to provide
measured pressure or temperature readings as well as any number of other indicators,
symbols, or text, etc., for alerts, mstmictions, or other indicatinns, Moreover, the display
may be configured to have multiple color-coded outputs, e.g., green, yellow, and red.
When the assembly 18 working through the ideal use case, the LED may be displayed as a
solid green color. When the device requires user fnput (e.g. when paused and needing the
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user to press the button to re-start treatment) the LED may flash or display vellow.
Additionally, when the device has faulted and treatrent is stopped, the LED may {lash or
display a solid red color.

{31941 Figure 211 shows the handle assembly 211 m a perspective exploded view
i iHustrate some of the components which may be integrated within the handle 211, As
shown, the liner 174 and sheath 212 may be coupled to a sheath bearing assembly 219
and shider base block assembly 221 for controlling the amount of exposed freatment
length along the cooling probe 178 (and as described in further detatl below). An
actuatable sheath control 223 may be attached to the shder base block assembly 221 for
manually controliing the treatroent length of the cooling probe 178 as well. Along with
the electronics and pump assembly 215 (which may optionally jncorporate a
programmable processor or controller in electrical communication with any of the
mechanisms within the handle 211), an exhaust valve 217 (e.g., actuated via a solenoid)
may be coupled to the exhaust hue 213 for conirolling not only the cutilow of the
exhausted cryveablation fluid or gas but also for creating or increasing a backpressure
during treatment, as described in further detail below.

{H195] In one exanpie of how the handic assembly 281 may provide for
ireatment, Figures 21E to 210 tHustrate schematic side views of how the components
mmay be mtegrated and utilized with one another. As described herein, once the sheath
212 and/or Hner 174 has been advanced and mitially introduced into the uterus, the liner
174 may be expanded or inflated in a pre-treatment puffup to expand the Hner 174 into
contact against the uterine tissue surfaces m preparation for a cryoablation treatment. As
iHustrated in the side view of Figure 21E, a pump 225 integrated within the bandle
assembly 211 may be actuated and a2 valve 229 {c.g., actuatable or passive) fluidly
coupled to the pump 225 may be opened (as indicated schematically by an “(3” over both
the pump 228 and valve 229} such thal ambient air may be drawn in through, e.g., an ar
filter 227 integrated along the handie 214, and passed through an air Hine 231 within the
handle and to an exhaust block 233, The exhaust block 233 and air fine 231 may be
fluidly coupled to the tubular exhaust chanone! which extends fror the handle 211 whach
1s further attached to the cooling probe 178, As the aiv is ntroduced into the fnterior of
the hner 174 {indicated by the arrows), the liner 174 may be expanded into contact
against the surrounding uterine tissue surface.

{8196] A cryogenie fluid Hoe 238 also extending into and integrated within the
handic assembly211 may be (hudly coupled {0 an actuatable valve 237, ¢.g., actuated via
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a solenoid, which may be manually closed or automatically closed (as indicated
schematically by an “X7 over the valve 237) by a controller to prevent the introduction of
the cryoablative fluid or gas into the bner 174 during the pre-treatment liner expansion.
Axn mifusion Hne 239 roay be fluidly coupled to the valve 237 and voay also be coupled
along the length of the sheath 212 and probe 178, as deseribed in further detail below.
The exhaust vaive 217 coupled to the exhaust Hine 213 may also be closed (as indicated
schernatically by an “X” over the valve 217) manually or antomatically by the controlier
to prevent the escape of the air from the exhaust block 233

{3197} During this mitial liner expansion, the Hner 174 may be expanded in a
gradual and controlied manner (o minimize any pain which may be experienced by the
patient in opening the vterine cavity. Henee, the Hner 174 may be expanded gradually by
metering in small amounts of aiv. Optionally, the pump 225 may be programmed and
controlied by a processor or microcontroller to expand the Hiner §74 according to an
algorithm (e.g., e.g. ramp-up pressure quickly 1o 10 rom Hg and then slow-down the
ramp-up as the pressure increases to 85 mm Hg) which may be stopped or paused by the
user. Moreover, the Hner 174 may be expanded to a volume which is just sufficient to
take up space within the uterine cavity. After the inidal focrease i pressure, the pressure
within the Hiner 174 may be optionally increased in bursts or pulses. Moreover,
visualization {(e.g., via a hysteroscope or abdominal cltrasound) may be optionally used
duoring the controlled gradual expansion to determine when the uterine cavity is fully open
and requires no further pressurization. o yet another variation, the liner 174 may be
cychically inflated and deflated to fudly expand the liner. The inflations and detlations
may be partial or full depending upon the desired expansion.

{01 98] In yet another aliernative variation, the system could also use an amount of
air pumped into the liner 174 as a mechanism for detecting whether the device s ina
false passage of the body rather than the ulerine cavity to be treated. The system could
use the amount of tirne that the pump 225 is on to track how much air has been pushed
mito the Hoer 174, I the pump 225 fails to reach certain pressure levels withina
predeternuned period of tme, then the controlier may indicate that the device 13
positioned within a false passage. There could also be a Hmit to the amount of air
allowed to be pushed nto the Hner 174 as a way to detect whether the probe 178 has been
pushed, e.g., out into the peritoneal cavity. H too much air is pushed into the Hner 174
{e.g., the volume of air tracked by the controller exceeds a predetermined level) before
reaching certain pressures, then the controiler may indicate the presence of a feak or that
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the hner 174 18 not fully constrained by the ulerine cavity. The Hner 174 may also
incorporate a release feature which is contfigured to rupture if the liner 174 is not
consirained such that if the system atterapts to purnp up the Hoer 174 1o treatment
pressure {e.g., 85 rambg), the release feature will rupture before reaching that pressure.
{3199 {Cmice the Hiner 174 has been expanded safficiently into contact agamst the
uterine tissue surface, the cryoablation treatment may be initiated. As shown in the side
view of Figure 21F, the air pump 225 may be furned off and the valve 22% may be closed
(as indicated schematically by an “X” over the pump 228 and valve 229} to prevent any
further infusion of air into the Hoer 174, With the crvogenice fhud or gas pressurized
within the Hne 238, valve 237 may be opened (as indicated schematically by an “O” over
the valve 237} to allow for the flow of the cryogenic fhad or gas to flow through the
infusion hne 239 coupled to the valve 237, Infusion line 238 may be routed through or
along the sheath 212 and along the probe 178 where it may introduce the cryogenic fluid
ot gas within the interior of liner 174 for infusion agatost the liner 174 contacted against
the surrounding tissue surface.

{3200] During treatment or afterwards, the exhaust valve 217 may also be opened
(as indicated schematically by an “0” over the valve 217) to allow for the discharged
fhuid or gas to exit or be drawn {ror the bner interior and proximally through the cooling
probe 178, such as through the distal tip opening. The (had or gas may exit from the liner
174 due to a pressure differential between the liner interior and the exhaust exit and/or the
fluid or gas may be actively drawn out from the Hoer interior, as described in further
detail herem. The spent fhud or gas may then be withdrawn proximally through the probe
§78 and through the lumen surrounded by the sheath 232, exbaust block 233, and the
exhaust tube 213 where the spent fluid or gas may be vented, With the treatment fuid or
gas thus introduced through infusion bine 239 within the liner 174 and then withdrawn,
the eryogenic treatrment may be apphied uninterrapted.

{6204] {Omce a treatment has been completed, the tissue of the uterine cavity may
be perraiited to thaw. During this process, the cryogenic fluid delivery is halted through
the infusion bine 239 by closing the valve 237 {as mdicated schematically by an "X over
the valve 237) while continuing to exhaust for any remaining cryogenic fluid or gas
remaining within the liner 74 through probe $78, through the Tumen surrounded by
sheath 232, and exhaust Iine 213, as shown in Figure 21G. Optionally, the pomp 225 and
valve 229 may be cycled on and off and the exhaost valve 217 may also be cycled on and
off to push ambient air into the liner ¥74 to facilitate the thawing of the liner 174 to the
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uterme cavity., Optionally, warmed air or fluid {e.g., salne) may also be pumped mto the
liner 174 to further facilitate thawing of the tissue region.

{8202 As the spent ervogenic fhuid or gas is removed from the Hoer 174, a drip
prevention system may be optionally ncorporated into the handle. For jnstance, a passive
systemn incorporating a vented trap may be integrated into the handle which allows
exhaust gas to escape but captures any vented liguid. The cxhauost Hoe 213 may be
clongated to allow for any vented Hguid to evaporate or the exhauost line 213 may be
convoluted to merease the surface area of the exhauost gas tube to promole evaporation.
{02031 Altematively, an active sysierm may be integrated into the handle or
coupled to the handie 211 where a heat sink may be connected to a tomperature sensor
and electrical cireut which 1s controlied by a processor or microcontrolier. The heat sink
mmay promote heat transfer and causes any Haguid exhaost 1o evaporate. When the
temperature of the heat sink reaches the boiling temperatore of, e.g., nitrous oxide
{around -89 °C}, the handle may be configured to slow or stop the delivery of the
cryogenic fluid or gas to the vterine cavity.

{0284 The pre-treatment mfusion of air as well as the methods for treatment and
thawing roay be utilized with any of the lner, probe, or apparatus varistions deseribed
herein. Moreover, the pre-treatment, treatment, ot post-ircatment procedures may be
utihized altogether in a single procedure or different aspects of such procedares may be
used in varying cornbinations depending upon the desired results.

{6205] Additionally and/or optionally, the handle 211 may incorporate an
orientation sensor to facilitate maintaining the handle 211 in a desirable orientation for
treatment. One variation may incorporaie a ball having a specific weight covering the
exhaust fine 213 such that when the handle 211 18 held in the desirable upright
orientation, the reatment may proceed uminterrupted. However, it the handle 231 moved
out of its desired orientation, the ball may be configured to roll out of position and trigger
a visual and/or auditory alarm (o alert the user. In ancther variation, an ¢lectronic
gyroscopic sensor may be used to matntain the handie 211 in the desired orientation for
freatmnent.

{8206] Figure 22A shows an example of one variation of a design of a system
which may be used to deploy the balloon 174 into the uterus UT after properly setiing the
depth of the uterine cavity {or some other anatomical roeasureroent). The clongate shafll
170 may have the balloon 174 attached along or near the distal end of the shaft $78 via a
clamp or O-ring 171 placed along the cutside of the shaft 178. One or more tndicators
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§73 along the outer surface of the canmida may correspond 1o clinical measarements of
the uterine length which may be measured by the clinician prior to a cryoablative
procedure. With the measured uterine cavity known, the balloon 174 may be adjustably
clamaped along the length of the shafl 178 at any one of the mdicators 373 which may
correspond to the measured cavity length. With the balloon 174 suitably clamped in
place, it may be pushed into the shaft lumen, as shown in Figore 22B, using a pusher or
some other instrument for delivery info the uterus U'Y. The clongate shaft 178 and
balloon 174 may then be introduced into the ateras UT where the balloon 174 may be
deployed from the shaft 170 and having a suitable fength which may correspond to the
particular anatoroy of the patient.
{0267 The cooling probe positioned within the balloon 174 may be variously
configured, as described above, and may include further variations. As illustrated in the
perspective and side views of Figures 23A and 238, respectively, the cooling probe
assemibly 228 in this variation may comprise an exhaust catheter 222 which may definc a
lumen 224 therethrough. While the diameter of the exhaust catheter 222 may be varied,
its diameter may range anywhere from, ¢.g., 4.5 10 4.75 mun. The exhaust catheter 222
say be formed from various materials, such as extruded polvurethane, which are
sufficiently flexible and able to withstand the lowered treatment temperatures. The distal
end of the catheter 222 may have an atraumatic tip 226 which may be clear and/or which
may also define a viewing window or opening through which an imaging instrument such
as a hysteroscope 246 may be positioned. Oune or more supporting members or inserts
228, c.g., made from a polymer such as polvsulfone, may be positioned throughout the
iength of the lumen 224 to provide structural support to the catheter 222 and to prevent iis
coliapse. The inserts 228 have a relatively short length and define a channel therethrough
through which a probe support 238 {e.g., flat wire, ribbon, ete.) may extend. The probe
support 238 shown in this variation may comprise a {lat wire defining one or more
notches 232 along either side which may lock with one or more of the tnserts 228 via
msert supports 248 to stabilize the probe support 238,
{8208] The probe support 238 iself may be {ubricated from a material such as
staindess steel and may have a thickness of, e.g., 8.008 in. The probe support 238 may be
supported within the himen 224 via the toserts 228 such that the probe support 236
separates the fumen 224 into a first chaonel 242 and a sccond chanuoel 244 where the
cooling fumens 236 may be positioned along the probe support 238 within the second

channel 244 while the first channel 242 may remain clear for the optional insertion of a

-1
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hysteroscope 246, In the event that a hysteroscope 246 1s inserted within {irst chanmel
242, the hysteroscope 246 may be advanced selectively along the catheter lumen 224 for
visuaiizing the surrounding tissuc or the hysieroscope 246 may be advanced through the
length of the catheter 222 until it 1s p()si tioned within 4 scope receiving channel 238
defined within the catheter tip 2

{6209] Because of the thickness of the probe support 238 relative {o its width, the
probe support 236 may be flexed or curved in a single plane, ¢.g., fo the plane defined by
the direction of flexion 254 shown in Figure 238, while remaining relatively stiff in the
plane transverse 1o the plane defined by the divection of flexion 2584, This may allow for
the probe 228 to be advanced into and through the patient’s cervix CV and info the uierus
UT while conforming to any anatornical features by bending along the divection of
fexion 254 (e.g., up to 90 degrees or more) but may further allow the probe 228 to
maintain some degree to rigidity and strength in the transverse plane. Additionally and/or
alternatively, the catheter 222 may be actively stecred along the divection of flexion 254,
e.g., via one or more pullwires, to allow for positioning or repositioning of the catheter
222 within the balloon 174 to facilitate {luid distribution and/or visualization.

{02308 The probe 224 may further include one or more cooling lumens 236 which
are positioned along the probe support 238 within the second channel 244, In thig
example, at least two cooling lamens are used where a first cooling humen may extend
through the probe 226 and terminate at a first cooling lumen fermination 248 near the
distal tip 226 and a second cooling humen may also extend through the probe 228 adjacent
to the first cooling humen and terminate at a second cooling humen termination 2588 at a
location proximal to the first termination 248. The termination poinis may be varied
along the length of the probe 228 depending upon the desired fength of the active cocling
portion 252 of the probe 228, which may extend from the distal tip 226 10 a length
ranging anywhere from, e.g., 2 to 14 cm, along the probe length.

{6214} The cooling lumens 2364, 2368 may be {sbricated from any number of
materials suitable to withstand the low temperature fluids, ¢.g., Nitinol, polyimide, cte.
Moreover, the internal diameter of the cooling lumens roay be made to range anywhere
from, e.g., 0.010 to 0.018 in. In certain vartations, the cooling tumens may have an outer
diameter of, ¢.g., 0.020 in., and an interal diameter ranging from, e.g., 0016 t0 0.018 in,,
with a wall thickness ranging from, e.g., $.002 10 0.004 .

{02121 Because the cooling lumens 236 are located along the second channel 244,
as separated by the probe support 238, one or more windows or openings 234 may be
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defined along the length of the probe support 238 to allow for the passage of any
cryoablative fluid to pass through the openings 234 and to then directly exit the catheter
222 through the opendngs 268 defined along the catheter 222 body (as described below)
and juto the balloon interior. Alernatively, the cryoablative {hud may instead proliferate
through the entive humen 224 defined by the catheter 222 before exiting the catheter 222
body. These openings 234 may be cut-outs through the probe support 238 and may
number anywhere from zero openings 1o six or more, as shown, and they may be
configared in any number of sizes and shapes. Moreover, these openings 234 may be
distributed in any spacing arrangement or they may be uniformly spaced, e.g., 0.3201n.,
depending upon the desired cooling arrangement.

{82134 The number of cooling humens 236 may also be varied to number more
than three humens terminating at different positions along the aclive portion 282,
Additionally, the activation of the cooling fumens for spraying or introducing the
cryoablative fluid may be accomplished simuitaneously or sequentially from each of the
different coohng lumnens depending upon the desired ablation characteristics. While the
cooling fumens may simply define a distal opening for passing the {luid, they may be
configured to define several openings along their lengths to further distribute the
mtroduction of the cryoablative flaid. The openings 268 along the catheter body 222 for
venling the cryoeablative fluid into the balloon 174 are omitted from Figure 23A only for
clarity purposes but are shown in further detail in the following Figure 24,

{0214 As the cryoablative fiuid is initially introduced info the catheter lumen
242, the exhaust catheter 222 may also define one or more openings to allow for the
cryoablative fluid to vent or exhaust from the catheter interior and into the interior of the
batioon 174. As shown in the perspective view of Figure 24, one or more openings 268
are iilustrated to show one example for how the openings 268 may be defined over the
body of catheter 222, The openings 268 may be positioned along a single side of the
catheter 222 or they may be positioned in an aliernating transverse pattern, as shown, {0
further distribute the cooling fluid throughout the balloon interior. o cither casc, the
posttioning of the openings 268 may be varied depending upon the desired cryoablation
characternistics.

{8215] A cross-sectional end view of the cooling probe assembly 22 is shown in
Figure 25A illustrating the relative positioning of supporting insert 228 attached to the
probe support 230 within the catheter 222, The two cooling Tumens 2364, 236B are
iffustrated adjacently positioned along the probe support 238 although they may be
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positioned elsewhere within the catheter 222 and may also mumber one lumen or greater
than two humens. Moreover, an optional hysteroscope 246 is also ilfustrated positioned
within the catheter 222 along the probe support 238, An cod view of the distal fip 236 1s
also Hustrated in Figure 25B showing one variation where the distal tip 226 may definc a
viewing window 278 throogh which the hysteroscope 246 may be advanced for
visuahizing within the ballonn 174 and uierus UT. In other variations, the viewing
window 278 may be omitted and the distal tip 226 may be transparent for allowing
visuahization directly through the tip 226 by the hysteroscope 2486.

{6216] With such an arrangement of the cooling probe assembly 22§ positioned
within the balloon 174 {as illustrated above in Figure 218}, the assembly 218 may be
used to treat the swrrounding uterine tissue m close conformance agatnst the balloon 174
exterior surface. Introdoction of the eryoablative fluid, e.g., mitrous oxide, through the
cooling probe 228 may aliow for the ablation of the surrounding tissue to a depth of, e.g.,
4 o & mo

{8217} One example for a reatment cycle using a two cycle process may melude
the introduction of the crycablative fluid for a treatment time of two mimutes where the
surrounding tissue is frozen., The fluid may be withdrawn from the balloon 174 and the
tssue may be allowed to thaw over a period of five minutes. The eryoablative fhid may
be then remntroduced and the tissue frozen again for a period of two minutes and the {luid
may then be withdrawn again to allow the tissue to thaw for a period of five minutes. The
tissue may be visually inspected, ¢.g., via the hysteroscope 246, to check for ablation
coverage. H the tissue has been sufficiently ablated, the assembly 218 may be removed
from the uterus UT, otherwise, the treatment cycle may be repeated as needed. In other
alternatives, a single cycle may be utihized or more than two cycles may be utilized, as

o
T

needed, 1o treat the tissue sufficiently. Purthermore, during the treatiment cyele, a
mnimam pressure of, €.g., 40 to 80 mm Hyg, may be optionally maintained by the
cryogenic Hguid or by a gas {e.g., air, carbon dioxide, etc.) to keep the balloon §74 and
uterus UT open.

{0218 in vet another alternative, aside from having a catheter 222 made as an
extruded humen, the catheter may be formed into tabing 283 such as a hypotube
fabricated from a material such as, e.g., stainless steel, nitinol, ete. A tubing 281 formed
from a metal may provide additional strength to the catheter and may remove the need for
any inserts to maintain a patent lumen. To increase the fexibility of the tubing 281, one

or more slots 283 may be formed or cut along the body of the tubing 281, as shown in the
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example of Figure 26A, which ilhustrates a perspective view of tubing 201 having one or
more slots 283 cut transversely relative to the tubing 261, Aside from increased
fiexibility, the slots 283 may be aligned to provide for preferential bending or curvature
along predetermined planes by the tubing while mhubiting the bending or curvature along
other planes, e.g., planes transverse to the bending plane, similar {o the preferential
ending or curvature provided by the probe support 238,
{6219 The ends of the slots 283 may be formed to provide a separation 2058
between the ends of the slots 203, Figure 268 shows another variation where each of the
transverse skots 283 may have a strain relief feature 287 formed at the distal ends of each
slot 283 such that bending of the tubing 281 over the slotted region may occur with
reduced stress imparted to the slots 283 and tubing 28%, An additional feature may
mchude optional tabs 289 which may be formed along the body of the tubing 281 to
extend internaily for holding a cooling lumen within the humen of the fubing 281,
{62201 Another variation i3 shown in Figure 26C which shows fransverse slots
263 formed along the body of the tubing 261 where the slots 283 may be formed in an
alternating pattern with respeet (o one another. Figure 26D shows yet another variation
where angled slots 213 may be formed relative to tubing 283, Figure 26E shows another
variation having one ot more serpentine slots 213 for preventing pmching where a distal
end of each slot 283 may have a transverse slot 215 formed. Figure 26F shows another
variation where one or more slots 217 having a transverse and longitudinal patiorn may be
formed along tubing 281,
{8221] Figure 260 shows another variation where a transverse slot 218 may have
a longitadinal slot 221 formed at its distal end. Figure 26H shows yet another variation
where one or more tapered slots 223 may be formed along tubing 281, Figure 261 shows
another variation where a transverse slot 219 may have a longitudinal slot 221 formed
where each of the longitudinal slots 221 may be aligned longitudinally along the body of
tubing 281, Figure 261 shows another variation where fransverse slots 21% may have
longitudinal slots 223 aligned adjacent to one another and having rounded ends. Figure
20K shows another vaniation where either a curved serpentine slot 228 or an angled slot
227 way be furmed along the tubing 281, Alternatively, both curved serpentine slot 2258
and angled slot 227 may both be formed. Another variation shows tubing 281 having a
plurality of slots 229 formed jnto a lathice structure over the body of tubing 281,
{82231 Aside from utilizing a continuous body of tubing 2681 for the length of the
couking probe, discrete tubing reinforeing ring 231 may instead be formed from tubing
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281, Figure 27A shows an example where a plurality of veinforcing rings 231 may be
separated into discrete ring clements and attached to one another in a lincar manoer with
one ot mwore longitudinal beam members 233 which may be attached to cach remforcing
ring 231 at an attachment point 238, e.g., weld, adhesive, ete. One or more of the

g., a bent-in tab 237, for supporting beam

=4

reinforcing rings 231 may be formed to have, e
233 rather than utilizing a weld, adhesive, etc., as shown in the detail perspective view of
Figure 278, The assembly of the refnforcing ring 331 and beams 233 may be covered
with a membrane or other covering te form a umiform structure.

{9223] An exaraple of a covering which may be used is shown in the end view of
Figure 28A which shows a portion of tubing 283 or reinforcing ring 231 and cooling
fumens 236 positioned on either side of tubing 281 or reinforeimg ving 231, A heat shrink
241 material may be placed over the probe assembly while maintaming clearance for
openings 239 to allow for delivery of the cryoablative fhuid.

{62241 Anather variation is shown in the cross-sectional end view of Figure 288
which shows the tubing 281 and respective cooling humens 236 positioned within an
insert 243 which define insert openings 245 for introducing the eryoablative fluid. Yet
another variation is shown in the perspective view of Figure 29 which may incorporate a
wound spring 247 which may be tightly wound or packed to provide flexibility and to
further provide a lumen 249 for the exhaast. One or more inserts 243 may be positioned
longitudinaily slong the length of the spring 247 and the cooling lumens 236 may be
routed through the spring 247 and coupled to cach insert 243.

{0225] Another variation is shown in the partial cross-sectional side view of
Figure 30A which illustrates how one or more inserts 243 may cach define a step 251 for
securement to the spring 247. The entire asserably may then be covered by a covermg
283, e.g., flexible extrusion. Each of the nserts 243 may remain uncovered by cither the
spring 247 or covering 253 to ensure that the cryoablative fluid has an unhindered
pathway to the balloon interior. Figure 308 shows another variation where each of the
mserts 243 may define 2 respective receiving channel 257 on cither side of the insert 243
for securement 1o the spring 247, An example of a cooling humen 2386 15 shown attached
to each of the inserts 243 via an attachment 288, e.g., weld, adhesive, ete.

{6226] Aside from increasing the flexibility of the tubing or cooling probe, the
cooling lumen may be configured to ncrease its flexibility as well. An exampie is shown
in Figure 31 which shows a porlion of a cooling tumen wall 261 having a phurahty of
pivoted attachments 263, Such an arrangement may allow for each segment of the
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cooling humen wall 261 (o pivol such that the cooling himen cumudatively provides
safficient flexibility to bend and curve as the cooling probe assembly is advanced and
positioned within the uterus. Such a cooling lurnen may be incorporated o any of the
probe variations described herem.

{82271 Another example of a cooling probe assemibly is illustrated in the
perspective view of Figure 32 which shows discrete embedded insert 268 and one or more
conling fumens 236 attached to cach respective tnsert 265 covered with a covering 267,
{n this example, the covering 267 may be implemented without any additional features or
structures. Figure 33 shows yet another exarnple where individual inseris 265 may be
aligned and coupled with one or more beams 233, as previously described. An additional
shiding jomt 269 may be attached or integrated along each insert 265 to provide sapport to
one or more cooling lumens 236 which may be transiatably positioned through each
aligned sliding joint 269,

{0228] Yet another variation is llustrated in the side view of Figure 34 which
shows a wound spring element 271 having one or more cooling himens 236 aligned
longitudinally along the spring element 27§, The one or more conling lumens 236 may
be attached to the spring eloment 271 via connectors 273 which may be aligned relative 1o
one another to receive and secure the cooling lumens 236, A covering may be optionally
secured over the spring assembly.

{6229] Figure 35 shows another variation where spring clement 271 may
MCOTPOTate oNe oF MOoTe respective nseris 243, In this variation, the spring element 271
has the one or more cooling lumens 236 coupled to the spring element 271 itself. Figure
36 shows yet another variation where the spring clement 271 and the one or more cooling
fumens 236 (which may be coupled directly 1o the spring clement 271}, ray have an
optional secondary lumen 278 passing through the spring element 271 and optionally
atlached to the spring itself. The sccond lumen 275 may be sized for recetving an
mstrument such as a hysteroscope 246. The second lumen 275 may provide a redundant
hiquid or gas pathway should the primary fumen become partially or fully obstracted. The
redundant pathway may exist between the ophional instrument, e.g.hysteroscope, and
primary humen or within the {ull second humen 275.

{6238] The secondary humen 275 may be shown in various cross-sections in the
end views of Figure 37, A first vanation is illustrated shown secondary fumen 275
having a circular cross-sectional area with a hysteroscope 246 passed throagh a center of
the fumen 275, A second variation is illustrated where the hysteroscope 2486 may be
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passed along a side of the lamen 278 and a third vanation is illastrated showing 8
secondary lumen 2754 having an elliptical cross-sectional area.
{8231 Another variation for a cooling probe asserobly is shown i the perspective
views of Figures 38A t0 38C. Tu this varation, the catheter body 222 1s omitied for
clarity purposes only bul a main delivery Hine 288 is shown extending through the catheter
with at least two side delivery hines 282, 284 positioned near the surface of the cathete
body, as shown in Figure 38A. The main debivery line 280 may be in fhud
commumication with the side delivery hines 282, 284 via a junction 288, shown in Figure
38B, near or within the distal tip 226. As the cryoablative fluid is introduced into the
main delivery line 286, the fluid inthe side debivery lines 282, 284 may be vented through
one or more openings 286 defined therealong for venting through and into the catheter
and balloon interior.  An optional mandrel 298, as shown i Figure 38C, may be shdingly
fitted within cach of the side delivery hines 282, 284 and actuated automatically along
with the retraction of the sheath 212 or by the user to shde along the fnterior of one or
both side delivery hnes 282, 284 to selectively obstruct the openings 286 and thereby
control the amount of eryoablative thiid delivered. As shown, one or more obstrucied
openings 292 may be biocked by the mandrel 298 by selectively sliding the mandrel 289
accordingly. In other variations, rather than using mandrels inserted within the delivery
hines 282, 284, a sheath or mandrel placed over the delivery lines 2832, 284 may be used
mstead to achieve the same results,
{82321 As described above, the retraction of the roandrel 290 may be optionally
actuated to follow along with the retraction of the sheath 212, Accordingly, the retraction
of the mandrel 299 may ocour simoltaneously with the retraction of the sheath 212 bt the
retraction may optionally occur at different rates as the amount of cryoablative fhud
debivered may be related to the length of the uterine cavity to be treated. For instance, a
sheath retraction of, e.g., 7 om, may result 1n 10 unobstracied openings 286 whereas a
sheath retraction of, ¢.g., 4 cm, may result in, e.g., & unobstructed openings 2886,
{8233} Another variation of the cooling probe assembly is iflustrated in the detail
cross-sectional side view of Figure 39, In this variation, a single main dehivery line 284
may pass through and into cormunication with distal tip 226. Rather than having the
side delivery Hines 282, 284 coupled directly to the main delivery line 288, cach
respective line moay be coupled (o a commion chamber 361 defined within the distal tip
236. Soch an assembly may be used with alternative variations of the exhaunst fumen 383
as shown 1n one example in the cross-sectional end view of Figure 40A. In this example,
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the exhaust lumen 33may be formed to have an indented cross-sectional area to
accommodaie the side delivery hines 282, 284, Alternatively, the exhaust turnen 383 may
be shaped to have an elliptical cross-sectional area instead, as shown in Figure 408.
{82344 In yet another alternative, the cooling lumens may be formed to have a
single intreduction or infosion hne 308 and a single delivery hine 387 where the dehivery
line 387 may be in fuid communication divectly with the introduction or infusion line 3¢5
through the distal tip 226, as shown in the cross-sectional side view of Figure 41, The
mfusion line 385 and delivery line 387 may be formed as separate hnes or they may
formed as a single continuous line where the infusion line 385 enters distal tip 226 and is
curved to redirect the ablative fluid proximally through the delivery Hoe 387, In this
variation, as m the previous variations, a translatable mandrel 280 may be slidably
positioned within the delivery hne 307 or optionally along an outer surface of the delivery
tine 387 to selectively obstruct the openings 286 defined along the line 307, In other
variations, one or more openings may also be optionally aligned along the infusion line
385 in addition to the openings 286 along delivery Hine 387, Morcover, the mandrei 298
may be actuated to slide {either at the same or different rate) along with the retraction of
the sheath. Figure 42 iliustrates an exampie where the cooling probe assembly may be
mtroduced fnto the mterior of balloon 174 when deployed within the uterus UT.
Alternatively, the balloon 174 may be attached divectly along an outer surface of the
cooling probe assembly #tself. The expanded length of balloon 174 may be fixed along
the outer surface of the cooling probe assembly proximal (o the distal tip or it roay be

1 1
i

optionally adijustable via the positioning of the ouler sheath. As shown, the introduction
line 385 may infroduce the cryoablative fluid along the cooling probe assernbly where it
may then be flowed proximally along the delivery line 367 for introduction into the
mterior of the balloon 174, As the eryeablative thud i1s introduced, a slotted tube 311
having one or more directional slots 313 may be used to optionally diveet the flow of the
cryoablative {luid into the balloon mterior.

{8235] Higures 43A and 438 illustrate additional variations for selectively
controlling the configuration of the hole directions along the side delivery lines to
optionally control appropriate ablation depths and tapering, as needed or destred. In the
variation of Figure 43A, the adjacent side delivery lines 282, 284 from the distal tip 226
may be configured such that openings 308 are configured in an wp/down configuration,
openings 382 are configured in an down/up configuration, openings 384 are configured in
an left/right configuration, openings 386 are configured in an up/down conliguration, and
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openings 38 are configured in an down/up configaration. The hole divections of
up/down/lefi/right are relative to the figures shown and are presented for illustrative
purposes.

182361 Likewise, the variation shown in Figure 438 ilhustrates how the adjacent
side delivery hnes 282, 284 may be configured such that openings 388 are configured in
an up/down configuration, openings 382 are configured in an feit/right configuration,
openings 314 are configured in an down/up configuration, openings 316 are configured in
an lefi/right configuration, and openings 318 are configured in an up/down configuration.
These variations are iilustrated as excmplary variations and other variations of hole
directions may be accomplished as desfred.

182371 Asgide from the positioning of the fluid openings, the catheter body 222
itself may optionally incorporate a skived viewing window 328, as shown in the side view
of Figure 44, to facilitate visvalization of the surrounding balloon 174 and tissue by the
hysteroscope 246 which may be advanced o proximity fo the window 328 or entively
through as desired.

{0238] As previously described, the balloon 174 may be expanded within the
uwterus U'T and particularly into the uterine cornu UC by an nitial burst of gas or Hguid.
Other mechanisms may also be used to facilitate the balloon expansion. One variation s
shown m Figare 45 which illustrates a balloon 174 having one or more supporting arms
33¢A, 338B extending from a support 334 which may be deployed within the balloon
174, The supporting arms 3384, 3368 may be variously configured although they are
shown in this example in a Y-configuration. Each of the distal ends of the arms may
extend from a lincar configuration into the expanded Y-configuration, ¢.g., via a biasing
mechanism 332, which may bias the arms to extend once the sheath 212 is retracted. The
distal ends of the arms 3304, 3308 may extend into the tapered comers of the balloon
174 to facilitate the balloon 174 expansion inlo the uterine cornu UC and may alse help to
center the balloon 174 within the uteras UT.

{6239 Higure 46 shows a partial cross-sectional side view of another variation of
an expansion mechanism contained within the balloon 174 where one or more supporting
arms 342A, 3428 may be mechanically actuated to extend, e.g., via a biasing mechanism,
push/pull wires, etc. Moreover, the arms 342A, 3428 may be integrated into the design
of the coohing probe 344 as an jotegrated assembly.

{82401 Figure 47 shows a partial cross-sectional side view of ancther variation
where the supporting arms 3584, 3588 may also integrate one or more openings 352 for
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the infusion of the cryoablative Tuid. In this example the anms 380A, 3588 may be
integrated with the cooling probe 348 or separated. In either case, the inclusion of the
openings 352 may facilitate the distribution of the fluid into the balloon 174 interior,
{0241 Figure 48 shows yet another variation where the supporting arms 3604,
3668 may be incorporated into elongate channels or pockets 3624, 3628 defined along
the balloon 174 itselfl In this and other variations shown, the supporting arm members
may opfionally integrate the one or more openings for cryvoablative fluid dehivery and

ray also be mtegrated into elongate channels as practicable.
{32421 Figures 49A and 49B show cross-sectional side views of yet another
variation of a cooling probe which utilizes a single infusion hue in combination with 2
iranslatable delivery hine. To accommodate various sizes and shapes of slerine cavities,
the cooling probe may have a sliding adiustment that may be set, e.g., according to the
measured length of the patient’s uterine cavity., The adiustioent may move along the
sheath along the exhaust tube as well as the delivery Hne within the infusion line. The
sheath may constrain the liner $74 and also control 1ts deployment within the cavity.
{9243] In this variation, an infusion line 239 (as described above)} may pass from
the handie asserably and along or within the sheath and 1o the intevior of liner 174, The
mfusion Hoe 232 may be aligned along the probe 178 such that the infusion hine 239 s
paralie] with a longitudinal axis of the probe 178 and extends towards the distal tip 367 of
the probe 178, Moreover, the infusion line 239 may be positioned along the probe 178
such that the line 23% remains exposed to the comners of the liner 174 which extend
towards the cormua. With the infosion line 239 positioned accordingly, the length of the
fing 239 within the Hner 174 may have muliiple openings formed along its length which
act as delivery poris for the fnfused cryogenic fhuid or gas. A separate translating delivery
hine 368, e.g., formed of a Nitinol tube defining an miusion lumen therethrough, may be
shidably positioned through the length of the infusion ine 239 such that the delivery Hne
365 may be moved {as indicated by the arrows in Figure 49A) relative {o the mfuston Hine
239 which remains stationary relative 1o the probe 178,
{0244] The openings along the length of the nfusion line 239 may be positioned
such that the openings are exposed to the sides of the mterior of the liner 174, e.g., cross-
dritied. As the cryogenic fluid or gas 15 introduced through the delivery line 368, the
mfused cryogenic thud or gas 388 may pass through the imfusion hne 239 and then out
through the openings defined along the infusion line 239, By adjusting the translational
position of the delivery line 365, the delivery line 365 may also cover a selecied mumber
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of the openings resuliing n 2 number of open delivery ports 361 as well as closed
delivery ports 363 which are obstracted by the delivery line 365 position relative to the
wfusion line 239, as shown in the top view of Figure 49B.
{3245] By travsiating the dehivery line 368 accordingly, the mumber of open
delivery ports 361 and closed delivery ports 363 may be adjusted depending on the
desired treatment length and further ensures that only desired regions of the ufering tissue
arc exposed to the mfused cryogenic flud or gas 369, Once the number of open delivery
ports 361 has been suitably selected, the infused cryogenic fhud or gas 36% may bypass
the closed delivery ports 363 obstructed by the delivery hine 368 and the fhud or gas may
then be forced out through the open delivery ports 361 in a transverse direction as
mdicated by the mfusion spray direction 371, The terminal end of the mfusion hine 239
mmay be obstructed to prevent the distal release of the infused thud or gas 369 from its
distal end. Although i other variations, the terminal end of the infusion line 239 may be
left unobstructed and opeoned.
{8246] Figures S0A and 50B show top and perspective views of the expanded
liner 174 with four pairs of the open delivery ports 361 exposed in apposed direction
Because the infused fhuid or gas 369 may be injected indo the liner 174, ¢.g., a3 a lquid,
under relatively high pressure, the mjected cryogenic hquid may be spraved throagh the
open delivery ports 361 in a transverse or perpendicular divection relative to the cooling
probe 178, The laterally infused cryogenic fhuid 371 may spray against the interior of the
tiner 174 (which is contacied against the surrounding tissue surface) such that the
cryogenic Haquid 371 coats the interor walls of the liner 174 due to twwbuolent flow causing
heavy mixing. As the cryogenie tiguid 371 coats the Hner surface, the sprayed Hauid 371
ey absorh heat frora the tissue walls causing rapid cooling of the tissue while also
evaporating the hguid cryogen to a gas form that fJows out through the cooling probe 178,
This rapid cooling and evaporation of the cryogenic Haoid 378 facilitates the creation of a
fast and deep ablation over the tissue. During treatment, the terperature within the cavity
typically drops, €.g., -89° C, within 6-7 scconds after the procedure has started. While the
mierior walls of the hner 174 are fivst coated with the eryogenic liquid 371, the cryogenic
Hiquad 371 may no longer change phase as the procedure progresses.
{92471 While four pairs of the open delivery ports 361 are shown, the number of
exposed openings may be adjusted to fewer than four pairs or mwore than four pairs
depending on the positioning of the delivery line 365 and also the number of openings
defined along the mfusion line 23% as well as the spacing between the openings,

48



WO 2014/189601

10

b

[

30

Maoreover, the positioning of the openings may also be adjusted such that the sprayed
liquid 371 may spray in alternative directions rather than laterally as shown. Additicnally
and/or alternatively, additional opentngs may be defined along other regions of the
mfusion Hoe 238, For instance, one or more openings 3617, e.g., one to three holes or
mmore, may be added along the length of the infusion ine 239 sach that the openings
directly face the portion of the liner $74 placed against the anterior portion of the
contacted tissue, as shown in the perspective view of Figure 50C.

{8248} Prior to or during treatment, the positioning of the cooling probe 178
within the interior of the hner 174 and the uterus may be determined through various
mecharisms, Visuahization may be optionally provided by use of hysteroscopy,
endoscopy, fluoroscopy, or ultrasound or other more fnvasive modalities. However, other
variations for determinimng the coohing probe 178 position may include use of a transmitter

P
H

381, e.g., light, ulirasound, etc., which may be placed on the distal tip 367 of the probe
178, as shown i the perspective view of Figure 51A.

{82491 In the event that a Hght 381 such as an LED Hight is placed upon the distal
tip 367, the user may simply visually monitor the patient for the transraission of the Hght
through the tissue and skin of the paticot to determaine whether the tip 367 is properly
positioned within the uterus or the peritoneal cavity depending on where the Hight is
emitied direetly through the body. In another variation, a sensor or receiver 383 may be
placed upon the distal tip 367 adjacent to the transmitier 381, As the transmitter 381
emits a light or ulirasound signal 385, the signal 385 may reflect off the surrounding
tissue surface (and through the Hner 174). Depending on the wavelength of the reflected
signals collected by the receiver 383, a processor or microcontroller can be used to
determinge the general color of the tissue in front of the end of the probe as the mner wall
of the wterus, mtestine, and bladder should all have distinct color signatures.

{0250 In yet another variation, one or more transnutters 387, e.g., light,
ulirasound, cte., may be placed along the probe 178 along opposite surfaces to facilitaic
determining the amount of cavity expansion, e.g., during foitial pre-freatroent liner
expansion. The transmitied signals 391 may be emitied as discrete pulses of hght which
are returned as reflected signals 393 to corresponding sensors or recetvers 389 which are
adjacent to the transmitiers 387, By measuring the time it takes for the reflected signals
393 to return to the sensors or receivers 389, the processor or microconiveller can

determine the amount of cavity expansion which has occorred. The transmitiers andfor
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sensors/receivers may be incorporated in any of the variations of the devices and methods
described herein.

{0253 (Ouce a cryoablation freatment procedure has been completed and the
mterior of the hiner is vented, the device may be removed from the patient body. To
facilitate the removal of the liner $74 from the treated tissue surface, negative pressure
may be apphied to the inferior of the liner 174 to guickly remove the discharged cryogenic
fluid or gas as well as to help pull the Hiner 174 away frora the tissue surface. Removing
the hner 174 from the tissue surface may be relatively easy when the removal force is
normal (o the tissue surface. Hence, use of negative pressure or a suction foree at the end
of an ablation procedure may facilitate the removal or peeling of the Hner 174 from the
uterine tssue surface.

{8253 The pump which is used to mtroduce air imtially mto the hner interior may
be used to also remove the discharged cryogenic fluid or gas particularly if the pump
{such as pump 225 shown above in Figure 21G) is configured as a reversible pumyp, e.g.,
connected to H-bridge cirawtry which may allow for the polarity of the voltage on the
purnp to be reversed which will allow for the reversal of the flow direction of the pump.
Another variation may utilize a separate purnp which is configured to draw a suction
force upon the Hiner interior separate from the pump used to introduce aw mito the Hner.
{8253 Yet another variation may utilize a non-reversible pump 398 which is
fuidly coupled to a 5-port, 2 position, 4-way vaive 485 which allows for the pressured
punyp ouiput 397 1o be connected to the exhaust/hiner 467 through output fine 481 and
through liner ine 415 within valve 485, A first switch 409 within the valve 488 may be
switched to flumdly couple the output line 481 with the Hoer line 418, The negative
pressure pump fuput 399 may be opened to the ambicot air 419 through ambiont line 437
within the valve 485 for mitially expanding the buer 174, as shown i the schematic
itlustration of Figare 52A. The ambient air 439 may be fluidly coupled to the nput Hne
483 via second switch 411 within the valve 488,

{8254} When the ablation procedure bas been completed and the Hner 487 to be
vented and collapsed, the valve 488 may be switched such that first switch 409 fhudly
couples output Hine 481 to ambient line 413 and second switch 411 switches to flaidly
couple the Hiner 487 to liner Hne 435 and input linc 483, as shown in the schematic
ithustration of Figure 5283, The fuid and/or gas within the hiner 487 may be drawn out by
the negative pressure created within input Hne 483 which may then force the discharged
fiuid or gas through output line 481, through ambient line 413 within valve 485, and out
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as exhausted fhid or gas 421, Thus, a single directional pump 398 may be vsed for both
inflation and deflation with the valve 485,
{8255] Yet another vartation is shown in the schomatic diagramns of Figures 534
1o 53C which also illustrates the use of a non-reversible pump 388 for both fnflation and
eflation. In this variation, the purmp suiput line 481 may incorporate a first 3-way valve
425 and the pumyp input live 483 may incorporate a second 3-way valve 427, The first
and/or second valves 425, 427 may comprise, ¢.g., 3-way solenoid valves, which roay
remain unpowered with both valves 428, 427 conmecting the pump 395 to the ambient
environment through respective ambient lines 429, 431, as shown in Figure 53A. The
configuration shown may keep any fluid or gas within the liner 487 from bemng pumped
or leaked to the environment.
{02561 i the liner 487 is {0 be evacuated, the {irst valve 425 may be actuated or
energized such that the pump cutput line 483 is fluidly connected to the ambient line 429
and the second valve 427 may be actuated or energized to fuidly couple the hiner 447
with the pump nput Hoe 483, as shown in Figure 538, With the pump 398 actuated, the
input line 483 may draw a negative pressure to suction out the fhid or gas within liner
487 while the pump output pushes air or the suctioned fluid or gas out through ambient
hine 429,
{8257 I the Hner 13 {o be initially expanded and/or the cryogenic fluid or gas is to
be to introduced into the liner 487 for treatmoent, the first valve 425 may be actuated or
energized to fhuidly couple the output line 401 from the pump 395 to the Hner 487 while
the second valve 427 may be actuated or energized to fluidly couple the pumyp nput hine
443 with the ambieni Hne 431, as shown m Figure 530, Moreover, the actoation of the
first and sccond valves 4258, 427 may be coordinated such that simultancous or individual
actuation of the valves is controlled by a processor. Alernatively, one or both valves
435, 427 may be controlled manoally by the user. As above, this valve configuration may
be used with any of the different liner, probe, handie asserably, or treatment methods
described herein.
{8258] Tuming now 1o the Hner itself, the hner may be formed to have, eg., a
nominal 0.0012 in. thick fexible membrane such as pellethane. The liner $74 may be
opticnally formed as a composite from one or more sheets of material, e.g., two sheets of
wmbrane which are RF welded. When laid out in a flattened shape, the liner 174 may
shaped in a manner, as shown in the top view of Figure S4A, which allows the Iiner 174
to inflate or cxpand into a contoured shape which conforms closely (o a uterine cavity, as

i
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shown in the perspective view of Figure S4B, Figure S4A shows one example of a
flattened Hner 174 which gently tapers from the opening to a curved shape forming a first
curved portion 435A and a second curved portion 4358 opposite to the first curved
portion 435A. The liner 174 may hence taper gently from a first width Wi, c.g., sbout
2.4 4n., down to a second width W2, e.g., about 0.3 in,, over a length L1 of] ¢.g., about 3.5
in. The neck may form a length L2, e.g., about 0.9 in.

{6259] The region between cach of the first and second curved portions 4354,
4358 may also be curved to have a radios RY of, e.g., abouat 3.5 in., while curved portions
4354, 4358 may also be curved to cach have a radius R2 of, e.g,, about 0.3 in. The
portion of the liner proximal to the portions 4354, 4358 may also have aradivs R3, c.g.,
about 1.1 in., and an oppositely radiused portion of radius R4, e.g., about 8.0 in. The
region between the Hner 174 and neck may further have a radius RS, e.g., about 0.2 in.
{0260 The liner 174 itsclf may be formed to have a uniform thickness over the
entire hiner. Alternatively, different portions of the liner 174 may also be formed to have
differing thicknesses depending upon the desired degree of treatment along differing
portions of the Hner 174, For tostance, the liner 174 may have varying regions of
thickness T, T2, T3 along proximal portions of the liner relative to distal portions of the
hner.

{02611 Moreover, to facilitate smooth retraction of the sheath and consisient
deployment, the tiner 74 may be pleated to fold and collapse in a consistent manner, as
shown in the perspective view of Figure 34C. The hinor 174 roay be pleated, e.g., using a
fixture during manufacturing.

{0262] As previously described, the probe 178 may be advanced into and through
the patient’s cervix €V and into the vterus UT while confornmung to any anatomical
features by bending along an anterior divection of flexion 448 or posterior divection of
fexion 447 (e.g., up to 90 degrees or more) but may further allow the probe 178 to
maintain some degree to rigidity and strength in the transverse plane. The probe 178 may
accordingly have a phurality of cut patterns 441, ¢.g., laser-cui, along the anterior and
posterior surfaces of the probe 178, as shown m the side and top views of Figures 55A
and 35B. These cut patterns 441 may be cut partially through the probe 178 along
opposing surfaces, ¢.g., in an alicrnating manner, and may further define portions of
removed material 443 along the ends of cach cut pattern 443, In addition to the cut

patterns 441, one or more H-slots 449 may also be cut pertodically along, e.g., the
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anterior sarface of the probe 178 to allow for anchoring locations for the infusion hine
239

{82631 An example is iHlustrated in the perspective view of Figure 55C which
shows a probe 178 having nultiple probe sections 4534, 45838, 4583C 453D {e.g., four
sections in this variation} separated by H-slots 448. One or more anchors 458 (e.g.,
coliars, clips, et} may couple the infusion line 239 1o the probe 178 along its anterior
surface via the anchors 451 secured to the H-slots 449, as shown.

{0264] Aside from the liner or balloon itself and the use of balloons for
ohstrocting the os, internal os, and/or external os, as described above, balloons or
wflatable liners may also be used to jnsulate the eryogenic fluid during debvery into the
balloon to protect the surrounding tissue structures which are not to be ablated, such as
the cervix CV. One variation s illustrated in the perspective assembiy view of Figure
56A which shows a cervical protection assembly having an inner sheath 461 {c.g., PTFE
ot other polymer} which may be jnserfed within an outer sheath 465 (e.g., double walled
stainless steel). The ey sheath 461 may have an inner sheath hab 463 at #18 proximal
end which may securely contact an outer sheath b 467 also located at its proximal end.
With the inner sheath 461 nscrted entively within outer sheath 465, the tnner sheath 461
may prevent the liner 174 from inflating mio contact against the outer double walled
sheath 468,

{8265] As shown in the cross-sectional perspective view of Figure 568, the
double walled outer sheath 465 may have an foner tubular member 471 and a surcounding

outer tubular member 469 (e.g., stainless steel, polymer, etc.) forming an insulating

annular gap or spacing 473 {e.g., 0.0115 in. spacing}. In the cvent that the tubular
members 469, 471 arc made of a polymer, the tubular members may be made with a wall
thickness of, e.g. 6.00025 1o 0.003. The distal end of the outer sheath 468 roay have
distal tip 478 to maimntain the spacing between the tubular members of the outer sheath
465, With the anmular gap or spacing 473 and the presence of the inner sheath 461, the
sheath assembly may provide thermal insulation for the cervical region by insulating the
surrounding tissue from the crvogenie fluid or gas passed through the infusion hine 239
and from the eryogenic thid or gas withdrawn through the nner sheath 461 from the liner
§74.

102661 While the armular gap or spacing 473 may have air within the spacing
fonction as an insulator, the spacing may alternatively be evacuated of air to provide fora
vacuam insulator, In another alternative, active flow of warmed or ambient temperature
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fluid (air or gas) may be included between the mner and outer tubular members 468, 471
or insulative materials may instead be placed within the gap or spacing {¢.g., inflatable
hatloous, spiral wound balloons, cotton, wool, syathetic fibers, Neoprene, eic.). o yet
another alternative, additional tubular oembers may be ncorporated to create nudtiple
annular gaps.

{62671 Additionally and/or optionally, the leraperature of the sheath 212 may also
¢ monitored so that the temperature may be provided in a feedback loop to a processor
or microcontroller for ensuring the surrounding tissue {e.g., cervix) is maintained al a safe

level Accordingly, one or more temperature sensors T, e.g., thermocouples, may be
placed along the sheath 212, as shown in Figure 56C, and in communication with the
processor ot microconiroller. The processor or nucroconiroller may accordingly be
programmed with a feedback loop which could start, pause, or stop the delivery of the
cryogenic thid or gas based upon the termperature {e.g. -89.5 °C for mitrous oxide) of the
sheath 212
{8268] In actuating and controlling the transiation of the sheath 232 and probe
§78, the handic assembly 211 may further incorporate a sheath bearing tube 477 coupled
to the sheath 212 assembly. Figure 57 tliustrates one variation where the sheath bearing
uibe 477 sHdmgly pass through a sheath bearing assembly 219 and then attached to a
shider base block assembly 221 which is positioned within the handle assembly 211, The
actuatable sheath control 223 may be attached to the shider base block assembly 221 for
advancing and retracting the slider base block asseobly 221 to control the positioning of
the sheath 212 to ensure that the sheath 282 covers the cervical region during a treatment
procedure.
{8269 Figure 38 shows a detail perspective view of the connection between the
sheath bearing tube 477 and shder base block assembly 221, One or two linear rails 479
mmay be aligned adjacent to the sheath bearing tube 477 within handle 211 to serve as
caring surfaces for the slider basc block assembly 221, Additionally, a receiving
channel 481 may be defined along the anterior surface of the sheath bearing tube 477 to
function as an access channel for the infusion ine 239 into or along the sheath assembly,
Accordingly, as the shder base block assembly 221 is translated hnearly along the rails
479, the sheath bearing tube 477 and infusion line 239 may be advanced distally and/or
proxmmally relative to the probe 178 to control the relative positioning of the sheath 212,
{82790 As illustrated m the perspective views of Figures S9A and S9B, when the
shider base block assembly 221 is advanced distally relative to the handle assembiy 211,
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the sheath 212 may be translated distally such that 4 nominal exposed length BY of the
probe 178 may be seen. (The hiner 174 s not shown for clarity only.) As the shder base
biock assembiy 221 s advanced proximally, the sheath 212 may be accordingly retracied
to expose the probe 178 further, as indicated by the exposed length B2, The full travel of
{he sheath and shider base block assembly 221 may range anywhere from, eg.,  emto 8
cm or more, as measured from the distal end of sheath 232 1o the distal end of the tip of
probe 178, The positioning of the slider 221 and sheath 212 may be maintained via any
number of locking or posttioning mechanisms to ensure that the ablation length is
maintained during a treatment procedure. Henee, the locking of the shider 221 and sheath
212 may be accomplished by locking mechanisms, ¢.g., friction fitting, detention features
such as notches along the length of the slider ravel, grabbing mechanism such as a brake
between the slider and handle, actuating features, ete,

{6274] By measuring the pressure decay within the liner 174 during treatment, the
rate at which the cryogenic hiquid is being converted to a gascous state may be
determined since the lower the cavity pressure the less cryogenic fluid is being converted
from Hguid to gas. Oune or more optional pressure sensing lines 485 may be incorporated
along the probe 178, as shown in the perspective view of Figure 60, (A sccondary line
may be provided for redundant measurement of the pressure.) The pressure sensing line
485 mmay have a pressure sensor 487 positioned along a cutont window 489 defined along
the probe 178 for monitoring the pressure internal to the hiner 174 during reatment, The
cutout window 48% may be provided to prevent the ends of the pressure lines 485 from
contacting the mterior of the Hner $74. The pressure lines 485 may be routed along the
full length of the sheath 232 and the proximal ends of the Hnes 485 may be attached to
connectors which connect to the pressure sensors via short silicone tube sections.

{82721 Additionally, the pressure sensing lines 488 and sensors 487 roay also be
used as safety feature for the system. The Hues 485 and sensors 487 can trigger the
actuatable valve 237 which is fhadly coupled to the cryogenic line 235 (shown above in
Figure 218} to close and stop the flow of the crvogenic fhuid or gas in the event of
pressures detected in the uterine cavity which are higher than expected,

{02731 Figure 61 shows a partial cross-sectional of another vanation where an
inflatable balloon 378 may be located along the cutside distal surface of sheath 242 for
contacting against and directly msulating the cervix CV. The hner or balloon 370 may be
filled with a gas or Hoguid such as air, water, carbon dioxide, eic. to act as an msulator to

prevent contact between the delivered cryoablative fluid passing through the shaft 176
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and the surrounding cervical tissue. The balloon 378 may be milated prioy to or during an
ablation treatment and then deflated once the treatment has been completed to facilitate
removal of the device. The size of the balloon 370 may be optionally varied, e.g., by the
sheath placement location.

{02741 Figure 62 shows a cross-sectional side view of another variation of an
inflatable liner or balloon 388 located along the inside distal surface of sheath 212, In
this variation, the balloon 388 may inflate o nsulaie the eryoablative fuid from the
cervical tssue, Figure 63 shows another variation where expandable foam39%8 may be
deployed via the outer sheath 212 for insulating against the cervix €V, Figore 64 shows
vet another variation where a heating element 448 may be located along the mner or outer
surface of the elongate shafl 178 for heating the suwrounding cervical tissue as the
cryoablative fluid is debivered during treatment. Figure 65 shows vet another variation
where a ring balloon 418 may be inflated along either the sheath 212 or shail 178 to either
msulate the survounding cervical tissue or to ensure secure piacement of the shaft 178
and/or balloon 174 during treatment.

{0275] Figure 66 shows a cross-sectional side view of yet another variation of' a
sheath 411 which may be formed from, ¢.g., urethane having a thin wall of about .001
., which may be doubled over and sealed such that the sheath 411 contatos 2 volume of
Hgoid or gas 413 such as saline, air, ete. The cooling probe assembly having the tubing
281 and balloon 174 o its collapsed state may also be scen. The sheath distal end 418
may optionally mcorporate & deformable member such as an clastic or expandable ring
417 contained circumferentially within the distal end 418, as shown in the side view of

~~
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Figure 67A. Alternatively, a biased circular member such as a ring 419 comprised of a
circularty-formed spring may be contained circumferentially within the distal end 415, as
shown in Figure 678, With the sheath 431 positioned with iis distal end 435 distal to the
tuibing 281, the ring 417 may configure into a ring having a {irst diameter which at least
partially covers the distal opening of the sheath 413, However, when the tubing 283 is
advanced from the sheath 411, the ring 417 may streteh or deform into a sccond larger
dismeter as it conforms 1o the outer surface of the tubing 201, The enlarged ring 417 may
accordingly form a stop or detent for preventing the proximal over-withdrawal of the
sheath 411 relative (o the cervix €V as well as facilitating the positioning of the sheath
411 over the cervix TV to provide insulation during a procedure. As the outer sheath 4113

and enlarged ring 417 is positioned proximally along the tubing 261 (o secure a position
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of the ring 417 against cervical tissue, the sheath retraction may accordingly adjust an
expanded length of the balloon 174 within the uterus UT.

{82761 Moreover, since the positioning of the sheath 411 may also actuate and
adjust & position of a mandrel 298¢ within the one or more ines 387 1o selectively obstruct
or open a selected number of openings 286 (as iHustrated in Figure 41}, the single
withdrawal and positioning of the outer sheath 411 may not only provide an adjusiable
securement of the device relative to the cervical tissue, but it may also correspondingly
adjust the balloon expanded length and {further control the active length of the delivery
line 387 via the mandrel 298 positioning.  The sheath retraction and securement may be
uttiized not only in this variation, but in any of the variations shown and described herein,
as practicable.

{02771 Figure 68 shows another vanation of a cervieal protection balloon 421
may have a fength, ¢.g., 4 to 8 cm, that may also be positioned along the outside surface
of the sheath 212 (as shown) or along the inside surface for placement against the cervical
tissue. Figure 69 shows a cross-sectional side view of yet another variation of'a dual
sheath assembly having an inner sheath 423 and an outer sheath 425 which are
longitudinally transiatable relative to one another. An annular balloon 427 may be
attached to the distal ends of both the juner sheath 423 and outer sheath 428 such that t
balloon 427 size and configuration may be altered by the relative moverent and
positioning of the sheaths 423,425, Figures 70A and 70B show detail cross-sectional side
views of an exampie of an arrangement for several seals 429 which may be positioned
between cach respective sheath 423, 425, Corresponding o-ring scals 431 may be
incorporated into the seals 429 {o provide for {luid-tight sealing. Also, a fluid Hne 433
may be passed through one or more seals 429, as shown, to provide for inflation and
deflation of the balloon 174 or anmular balloon 427,

{0278 Another variation is shown in the cross-sectional side view of Figure 71
which shows another dual sheath design where the annular balloon may be comprised of a
confined balloon 441 having an expandable balloon portion 443, The balicon, ¢.g.,
urethane, may be contamed between each respective sheath 423, 425 while a doubled-
gver portion may be positioned to extend from between the distal ends of the sheaths 433,
425, As inflation fluid is mtroduced tnto the balloon, the portion of the balloon
constrained between the sheaths 423, 4258 may remain collapsed but the unconstrained

expandable balloon portion 443 may expand into an anmular shape as shown.

(9]
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{82791 Figure 72 shows yet another variation where the sheath 445 may be
formed to have a reinforcement member 447, ¢.g., wire, braid, mesh, etc., mtegrated

along its body to provide for added strongth and space between the sheath 4458 and
adjacent tissue. Any of the balloon embodiments described herein may be incorporated
with the sheath 445 as shown.

{6280] Figure 73 shows another variation of a sheath having an annular balloon
449 positioned along the distal end of the inner sheath 423 while constrained by the distal
end of the outer sheath 428, The balloon 449 may be sized according o the relative
positioning between the inner and ouler sheaths,

{281 Figures 74A and 748 show partial cross-sectional side views of yet
another example of an ouler sheath 451 shidably positioned over tubing 201 where the
distal end of outer sheath 451 may incorporate an integrated expandable ring 453, e.g.,
clastomeric, foam, etc. As previcusly described in a similar emabodiment, the expandable
ring 453 may bave a first diameter which closes upon the distal end of tubing 281 when
the outer sheath 451 is advanced distal to the tubing 281, As the outer sheath 458 is
retracted relative to tubing 281, the ring 453 may cxpand o a larger second diameter as it
conforms to the outer surface of the tubing 281, The enlarged profile of the outer sheath
481 may thus function as a stop relative to the cervical tissue during a procedure.

{8283} Figure 75 shows a similar variation where the expandable ring 453 may
mcorporate one or more lubricious surfaces 4585 to facilitate the retraction of outer sheath
451, ¢.g., by pecling the outer layer relative to the foner layer, and the conformance of the

ring 483 relative to the tubing 281, Figure 76 shows a side view of vet another variation

where the outer sheath 458 may instead incorporate a discrete ring section 461 having the

-
7
I

expandablic ring 453 positioned relative to the wbing 288, Figure 77 shows yet another
variation where the distal end of the tubing 2061 may define a tapered distal end 463 to
facilitate the expansion of the expandable ring 4583 when outer sheath 4581 is retracted.
{0283 In yet another variation of the outer sheath, Figure 78 shows an
embodiment where the outer sheath 465 may have a radially expandable portion 467
formed near or at a distal end of the outer sheath 468, Prior to or during a procedure (o
secure a position of the outer sheath 465 relative to the cervical tissue, the expandable
portion 467 may be utilized rather than an inflatable balloon. The expandable portion 467
may generally comprise one or more lengths of the outer sheath 465 bemg reconfigurable

along a pivotlable or bendable portion such that as the distal end of the outer sheath 468 is
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retracted relative to the remainder of the sheath 468, the one or more lengths may pivot
and reconfigure into #ts radial configuration.

{284 A hinkage 475 (such as wire, vod, string, ribbon, etc.} may be coupled to
the distal end of the outer sheath 468 at a first stop 469, as shown in the partial eross-
sectional side view of Figure 73A. A second stop 471 may be posttioned proximally of
the first stop 46% which limits the proximal withdrawal of the linkage 475 by a
predetermined distance. When the linkage 475 congages the first stop 469 and retracts the
sheath distal end to radially extend the expandable portion 467, the further retraction of
linkage 475 may be stopped by the second stop 471, The outer sheath 465 may define the
fumen through which the cooling probe assembly may be advanced without mterference
from the retraction assernbly. Another variation is tHhustrated in Figure 798 which shows
a similar mechanism but where the second stop 471 may be replaced by a biasing element
473, e.g., spring, positioned proximally of the {irst stop 469,

{0285] Yet another variation is shown in the side views of Figures 80A and 808
which ithistrate a representation of an exemplary overcenter linkage mechanism 481
which may be incorporated with the retraction mechanism. A linkage 483 and
corresponding biasing element 488, e.g., spring, may be coupled to the Hokage member
475 attached to the stop 46%. As the linkage 475 18 retracted to reconfigure the
expandable portion 467, the overcenter mechanmism 481 may also be retracted and
actuated to engage a position of the Hinkage 475 soch that the retraction of the expandable
portion 467 may be sclectively mamtained. The overcenter mechanisra 481 may be
selectively disengaged to release and reconfigure the expandable portion 467,

{0286} Figure &1 shows a side view of vet another variation where the outer
sheath 491 may incorporate one or more distal car mombers 4934, 4938, With the outer
sheath 491 positioned distally of the tubmg 281, the cam members 4934, 4838 may be
configured mto a first collapsed configuration. As the ouler sheath 491 4s retracted
relative to tubing 281, the cam members 4934, 493B may pivot along outer sheath 491
when urged by the outer surface of the wibing 281 and reconfigure mio an expanded
configuration as indicated. The reconfigured expanded cam members 4934, 4938 may
then be used as a stop for the outer sheath 491 relative to the cervical tissue.

{32871 An exaraple of the reconfigured cam rocmbers 4934, 493B used as a stop
is ilustrated 1n the exeroplary cross-sectional side view of Figure 82, As indicated, as the
outer sheath 491 is retracted and the cam members 4934, 4938 reconfigure, the outer
sheath 491 may be further retracted wntil sccured against the corvix OV, Figure €3 shows
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another example where the cuter sheath 861 having the distal tip cam members 5§34,
S43B may be configured to have a tapered distal end 585 to allow for the further pivoting
of the cara mombers 5834, 5838 during sheath retraction.

{32881 Figure 84 shows an exemplary iThistration of how the outer sheath 465
may be deployed first and secured into position with, ¢.g., the expandable portion 467,
placed into contact against the cervix €Y. The cooling probe assembly and collapsed
balloon 174 may then be inserted through the outer sheath 465 at a later time and
advanced 1nto the wierns UT for treatment. In this and any of the other variations
described herein, as practicable, the outer sheath may be deploved independently of the
cooling probe if so desired.

{3289 Figure 85 shows yet another variation where the outer sheath may be
configured as a corrugated outer sheath 511 to provide a structure which is strong yet
flexible. Figures 86 and &7 show additional variations where the outer sheath 513 may
corprise aun annular balloon 517 Jocated along fnner surface of sheath 8§13, The sheath
distal end may define one or more longitudinal slots 818 {or selective expansion of the
balloon 517. Altematively, the annular balloon 519 may be located along outer surface of
sheath 513, as also previcusly described.

{02941 Figures 88A to 88D show yet another variation where the sheath 821 may
mcorporate an integrated feature to provide further insulation between the cryoablative
fhad and the surrounding cervical tissue by cresting or forming insulative pockets of air.
The variation shown 1o the cross-sectional end view of Figure 88A shows a sheath 521
defining a plurality of raised and curved surfaces 823 along the inner surface of the sheath
521, Figure 888 shows another variation where a plurality of raised and curved surfaces
535 may be formed along the outer surface of the sheath 821, Vet another example i3
shown n Figure 88C which shows a sheath 521 formed to have both internal and external
raised surfaces 527 while the variation of Figure 88D shows a vartation where the internal
sheath surface may have a plurality of raised projections or fingers extending inwardly.
{02951 in controiling the ablative treatments deseribed above, the treatment
assembly may be ntegrated into a single cooling system 424, as shown 1o the exemplary
schemnatic illustration of Figure 89, The cooling system 428 may be contained entirely
within the handle assembly 24 as described above or it may be separated into
components, as needed or desired. In either case, the cooling system 428 may generally
comprise a microcontroller 422 for momitoring and/or controlling parameters such as

cavity temperature, cavity pressure, exhaust pressure, eic. A display 424, ¢.g., a digital
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display which may be located along handle assembly 214, may be in communication with
the microcontrolier 422 for displaying parameters such as cavity pressure, cavity
temperature, treatment time, cie. Any errors may also be shown on the display 424 as
well. A separate indicator 426, e.g., visual or auditory alarm, may also be in
communication with the microcontrolier 422 for alerting the user to prompis, errors, ete.
through as any number of indicators, symbeols, or text, etc., for alerts, as well as for
mstructions, or other indications.

{0292} A coolant reservoir 428, ¢.g., nitrous oxide canister 1 this example, may
be fluidly coupled to the handle 214 and/or clongate shaft 178 via a coolant valve 438
which may be opticnally controlled by the microcontrolier 422, The coolant reservoir
428 may be m fhad coramunication with the cooling probe assemnbly 228 and with the
mnterior of the balloon 174, One or more pressure sensors 432 may be in commumication
with a pressure humen 434 contained within the cooling probe assembly 228 or elongate
shaft $76 and one or more feroperature sensors 436 in conumunication with a
thermocouple/thermistor wire 438 also contained within the cooling probe assembly 228
or clongate shaft 178 may be incorporated. The one or more pressure sensors 432 and/or
temperature sensors 436 may be in conynunication with the microcontrofier 422 as well
Muorgover, the pressure sensors 432 may optionally comprise a sensor positioned within
the balloon 174 where the sensor 1 designed for low temperature measurement. Such a
Pressure sensor may incorporate a closed or open colunmn of liguid (e.g., ethancl, ete) or
gas {¢.g., air, carbon dioxide, eic.} which extends through the cooling probe assembly.
{0293] The cryoablative fluid contained within the coolant reservoir 428, such as
nitrous oxide, may be puroped {or allowed to flow if reservoir 428 1s under pressure) via,
¢.g., a motor-driven valve such as coolant valve 438, to control nitrous oxide inflow rate,
The valve 438 may also be used 1o roaintain a desived amount of back pressure to separate
the walls of the uterus. For instance, a velatively low back pressure of, e.g., 40 to 60 mm
Hg, may be used. Alternatively, a simple but precise exhaust flow resiriction might be all
that is needed, ¢.g., such as a fixed, non-adjustable valve. Tu yet ancther alternative,
vacuum pressure may be used to control the rate at which the exhaust gas is pulled-
through, e.g., 8 nitrous oxide deactivation {ilier.

{0294 The rate at which the cryoablative fhud, such as the nitrous oxide, is
debivered roay be controlled by the temperature measured within the balloon 174 and/or
uterine cavity. The target temperature range may range, e.g., between -65 and -80
degrees C. By limiting the teraperature measured within the balloon 174 {0 a value which
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1s lower than the boiling pomnt of nitrous oxide, about -88.5 degrees C, the chance of

liquid nitrous oxide build-up in the balloon £74 may be greaily reduced to provent any
excessive intrauterine prossures if the exhaust tube is blocked.

{02951 In the event that excessive pressure 18 measured within the balloon 174 or
the pressure differential between two sensors is too large, the system may be programmed
to automatically stop the flow of the eryoablative fhid. A separate shut-off valve may be
used in-place of the coolant valve 436, Furtherroore, i electrical power 18 interrupted to
the system, the separate shut-off valve may automatically be actuated. In addition, the
indicator 426 may signal to the user that excessive pressures were reached and the system
shut-dowa.

{82961 The mside diameter of the delivery hine may also be sized to deliver
cryoablative {luid up to but not exceeding, e.g., a maxymum anticipated rate for a large,
well-perfuse uterus. By Hmiting the rate of cryoablative fluid infusion and sizing the
exhaust tube appropriately, the sysicra may be able fo evacuate the expanded gas even in
the event of a catastrophic faithure of the delivery line.

{02971 Additionally, an exhaust fumen 448 in communication with the clongate
probe 178 and having a back pressure valve 444 may also inchude a pressure sensor 442
where one or both of the back pressure sensor 442 and/or valve 444 may also be in
commuynication with the microcontroller 422, While the microcontrolier 422 may be used
to control the pressure of the introduced cryoablative {luid, the pressure of the
cryoablative fluid within the balicon 174 mierior raay also be conirolled autornatically by
the microcontroler 422 adjusting the back pressure valve 444 or by manually adjusting
the back pressore valve 444, In the event that the microcontrofler 422 is used to control
the back pressure via valve 444, the microcontroller 422 may be configured or otherwise
programmed to adjust the valve 444 based on feedback from other sensors, such as the
measured parametlers from the one or more pressure sensors 432 and/or temperature
sensors 436 to create a closed feedback loop systern. A vacuum may also be optionally
mcorporated into the closed feedback loop.

{3298] The exhaust lumen 448 moay be floidly connected, e.g., to areservoir 446
for collecting or deactivating the exhausted cryoablative flaid. The reservoir 446 may
opticnally incorporate a filter into the handle 214 or become integrated into a reusable
console. Alternatively, the exhausted cryoablative thad may be simply collected m a

reservoir 446 or exhausted into atmosphere,
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{82991 Generally, redundant pressure lnes and sensors, such as pressure lumen
434, that termunate in the balloon 174 may correspond to sensors located in the handle
214 10 moake comparison measurcroenis. The pressure lines roay be filled with a fhud
such as cthanol to prevent freezing during a procedure. Alternatively, a gas such as air
may be used in the pressure Imes but may utilize temperature compensation.

{6366] As at least one thermocouple may be located within the balloon 174 and
used to measure temperature during the procedure, additional thermocouples may be
optionally included at other locations internal or external to the balloon 174 to provide for
additional temperature measurements. For example, a thermocoupie may be optionally
located on the distal portion of the sheath 212 to monitor temperature within the cervix
V.

{03011 After completion of the procedure, all unused cryoablative fluid still
contained in the reservoir 428 or within the system may be auiomatically or manually
vented, €.g., 1o the deactivation filter or collection reservoir 446,

{8302] The systern 428 may optionally further incorporale an emergency shut-gft
system which may be actuated in the event that clectrical power is lost, if a user manually
activates the shut-off systern, or in the event that the microcontrolier 422 detects a high-
pressure within the system 428, One example of the emergency shut-off system may
mcorporate an emergency shut-off valve which may include valve 438 or which may
allernatively incorporate another valve separate from valve 438, Morcover, in detecting
the pressure within the system 428, a redundant pressure sensor may also be utilized
along with the one or more pressure sensors 432 either at the same location or at a
different location along the system 428,

{03031 In any of the exaroples described herein, the system may emaploy a
thermally conductive {luid having a thermal conductivity greater than that of saline. This
thermal condactivity may help to ensure that the fhad within the body cavity or lumen is
at the same icraperature throughout even without agitation or lavage. Such a fhuid may be
used with the fhuid lavage and/or the fluid infusion followed by application of a
eryoprobe. The tmproved thermoal conductivity may be achieved via a variety of different
options including, but not imited to, choice of a thermally conductive fhad or gel,
addition of thermally conductive compounds to the [luid or gel (e.g., metals or meial 1ons,
ete.) and/or agitation of the fluid within the cavity to belp achieve equilibration of the
temperatore. Additionally, the fluid may be mfused as a fluid or gel until a set pressure is
achiegved. The cryoprobe may then be introduced into the body cavity/lurnen and heat
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may be withdrawn from the fluid/gel. Prior to or in concert with the achievement of a
cryotherapeutic (ablative or non-ablative) teraperature, the fluid or may forma gel or
solid. This may be utilized such that fluid or get within the cavity may be trapped within
the target lumen or body cavity with its change i viscosily or state thereby preventing
leakage of the tloid or gel and anwanted exposuare of adjacent tissues to the
cryoiherapeutic effect. Due 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 sclution may also be
partially frozen or gelled and then agitated or recirculated to ensure even greater
distribution of the cryotherapeutic effect. Morcover, the fhuid may also be formulated 1o
have a freezing temperature at the desived ablation teroperature such that the fuid remams
at the desived ablation temperature for a significant amount of time while the fhad
changed from a liguid to a solid or vice versa.
{83064} Furthermore, the flnid or gel may be made thermally conductive by the
addition of a blocompatible metal or metallic ion. Any metal or conductive material may
be used for this purpose, e.g., silver, gold, platinum, titanium, stainless stecl, or other
metals which are biocompatible. Altemativeiy the thermally conductive fuid may be
used to transmit the thermal energy to tssues 1o order to provide thermal ablation as
opposed to the extraction of encrgy with crvoablation. In either embodiment, with
sufficient thermal conductivity the fTuid may act as an cxtension of the ablative energy
source and provide a custom ablation tip for the apphication of or removal of energy from
any body Hssues, body cavities, or body fumens. Another benefit is consistency of
treatment since crycablation may require use of ultrasound io the setting of wterine
ablation. Any of the devices herein roay allow for the use of temperature tracking or
strople tiroed treatment in order to automate the ablation (with or withowut ulirasound
monitoring). For example, application of -0 € for 3 minutes has been shown to provide
the correct depth of ablation for many uterine cavities. The devices herein may allow for
the tracking of temperature such that once a desired temperature is reached {e.g., -60 Ch a
tirner may be iriggered which antomatically discontinues therapy and warms the cavity
based on time alone. This may be used in the setting of a fixed volume infusion {e.g., 10
to 15 cc of thermally conductive fhuid/gel for all patients} or in the setting of infusion of a
fhud/gel to a set pressure {with variable vohumes). This timed ablation roay also be used
in coneert with any of the device herem to allow for ehmination of the burdensome
requirerment for uitrasound tracking of the cryogenically treated rogions.
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{8305] Alternatively, this thermally condocting fluid {which may optionally
include sohd particles of metaf) may be mfused into a balloon which conforms to the
wterus, csophagus or other body cavity or lumen at relatively low pressures (e.g., less than
156 mimHg), as also deseribed above. The thermally conducting material may
allernatively be comprised entively of a solid (e.g., copper spheres or a copper chan}
within the conforming balioon wherein the thermally conductive solid and/or fluid may
be reversibly delivered into the conforming balloon under low pressure after which a
cryoprobe, cryogenic Houd and/or cryogenic gas may be dehivered into the balloon and
activated to ablate the entirety of the uterus UT at once. The cryogen source may also be
positioned within the balloon to obtain maxinura cryoablation within the body of uterus
with less ablative effect proxiroally and in the cornua. Vaschine, oils ot other thermally
resistive materials may also be used in conjunction with this or other modalities in ovder
o protect cerlain areas of the uteras, cervix and vagina.
{0306] in creating the optimal thermally conductive Juid and/or gel, any
conductive material may be added to the floid or gel mcluding, ¢.g., gold, sibver,
platimum, steel, iron, titanium, copper or any other conductive metal, ion, or molecule. If
a metal 18 used as a dopant to increase the thermal conductivity, the added metal roay take
any shape or form including spheres, rods, powder, nanofibers, nanotubes, nanospheres,
thin filaments or any other shape that may be suspended in a sohution or gel. The fluid or
gel may tisclf also be thermally conductive and may be infused and then removed or may
be left in the cavity and allowed to flow naturally from the uterus as with normal
menstroation. The thermally conductive polymmer may also be biocompatible, as well, but
this may not be necessary if the fluid/gel is extracted iramediately following the
procedure.
{0367 Despite the potential for toxicity, ethano! yoay be well suited for a hiquid
lavage m that it resists freczing down to -110 C and is, other than dose dependent toxieity,
biccompatible. Selutions of 75% to 99.9% ethanol concentrations may be used fo good
etfect and have boen demonstrated to show that a freere layer develops very rapidly
mhibiting {urther ethanol absorption. An ethanol copper composition may also be used
sinee ethanol resists freezing whereas agueous thids freeze and expand thereby moving
the metal particle out of direct contact with the tissue.
1830381 In another vanation for creating back pressure within the system, Figures
B0A and 908 show a device for closing the exhaust flow path to facilitate a lner mtegrity
check and to also increase the pressure within the uterine cavity. As the lner is tnitially
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expanded (e.g., ap to 100 mmHg of pressure), the transition between initial expansion and
treatment should desirably occur with a minimal change in cavity pressure. Henee, the
pressure within the Hner and system during the first 30 seconds of reatment 18 ideally
maintained 85 +/- 15 muwnHg. The variation shown in Figure S0A tllastrates an end cap
480 which may be used to cover or obstract the exhanst hine 213 to facilitate the moerease
in back pressure during the inttial expansion. The ond cap 45¢ may contact the exhaust
tube contact 482 over the exhaust line 213 such that the eond cap 458 and exhaust tube
contact 452 are clectrically coupled to form a circuit via conductive lines 454,

{0309] Ounce sufficient back pressure has been created in the system and
cryoablation freatment is ready to begin, the end cap 458 may be removed from the
exhaust tube contact 483 (manually or autoratically) breaking the electrical connection,
as shown 1n Figure 90B. The processor or microcontroller in the system may detect the
clectrical break and avtomatically initiate infusion of the cryeablative foid or gas (o
begin the treaiment. Moreover, because the exhaust line 213 is now unobstructed, the
discharged fluid or gas may also be vented or removed from the system through exhaust
line 213,

{8316 In other variations for maintaining exhaust back pressure within the
system, the pump {(with or without a filter) may be used to increase the pressure.
Alternatively, a compressed gas {e.g., coupled via a bladder, tank, ete.) may be infused
inte the liner and system to increase the pressure. In either case, any of these methods
may be used in various combinations with any of the system or device variations
described herein.

{8313} Altemnative mechanisms may also be used for maintaining a sufficient back
pressure within the system and the Hoer. Another variation 18 shown fo the schematic side
view of Figure 91 A of flapper valve 46§ such as an clectromechaunical Japper valve
which may be meorporated within the handle assembly 231 (e.g., positioned between the
pump and the liner) for foidly coupling to the Hner and exhaust. Figure 91 tHustratively
shows flapper valve 468 having a chamber 482 with a transiating piston 464 within the
chamber 462. The pump 468 may be fhudly coupled via purop line 478 to the first
section 488 of the chamber 462 (e.g., at a top of the chamber 462) and exhaust and/or
liner channel 472 may also be similarly fhudly coupled to the first section 480 of chamber
462, The exhaust and/or liner channel 472 may also incorporate a unidirectional valve
474 within the channel 472 sach that fluid or gas may pass through channel 472 and past
unidirectional valve 474 but is prevented from Hlowing back into first chamber 488
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{8312] The exhaust and/or liner chamel 476 may be fluidly coupled to the second
section 482 of chamber 462 (e.g., at the boitor of the chamber 462) in proximity to
ambient fine 478, A sealing gasket 466 having a st sealing ving 46864 which encireles
the periphery of the chamber 462 and a second scaling ring 4668 which encireles the
entry o the exhaust and/or liner channel 476 may also be mcorporated in the second
chamber 482, as shown in the top view of Figure 21B.

{8313] The tlapper valve 460 may remain closed by the system (e.g., motor, linecar
actuator, magnetic, electromagnetically, ete.) but opened by the system as the ablation
treatment begins. The flapper valve may be actuated, ¢.g., by a scparaie button or
actuator, positioned upon the handle assembly 211,

{83144 When actuated, the pump 468 may be turned on and the piston 464 may
rewnain positioned at the bottom of the chamber 462 upon the sealing gasket 466, ag
shown in the side view of Figure 91C. The piston 464 may form a mederate seal while
sitting upon the gasket 466 but as the pressure in the charaber 462 is increased, the
scaling between the piston 464 and gasket 466 may be increased accordingly. The gasket
466 itscif may form different regions of relatively low pressure in the area between the
first sealing ring 466A and the sccond sealing ring 4668 (c.g., at atmospheric pressure}

q
¥
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and high pressure in the avea surrounded by the second sealing ving 4668 (e.g., at the
same pressure as within the Hner/exhaust) doring the imtial pump up phase.

{8315] After the liner has been puraped up 1o its pre-determined pressure level to
properly distend the cavity and deploy the liner {e.g., 85 muaHg), the pump 468 may be
reversed to remove the pressure from the chamber 462, The one-way or uni-directional
valve 474 may prevent the vacuum {from pulling on the hner as would the seal at the
bottorn of the chamber 462 formed by the piston 464,

{031 6] When P2 is towered, the force of P upon the bottom of the piston 464
mmay cause Hto Bt within the chamber 462, as shown in Figure 91D, This piston
movement will cause Pi to drop as the seal at the bottom breaks and as P begins to drop,
the vacuurn may shut off and the treatment may be inttiated. The flow of the cryogenic
fluid or gas through the chamber 462 may cause the piston 464 1o mwove to the top of the
chamber 462 which may allow for the free flow of nitrous to the environment, as shown
in Figure 91E.

183174 Figures 92A and 928 show an alternative flapper valve 480 which may
fonction similarly except for the pump/vacuum line 478 may be positioned along a side

wall of the chamber 462. With the vacoun/pump line 478 so positioned, the line 478
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may vemain below the piston 464 while the crvogenic fluid or gas flows through the
chamber 462, as shown in Figure 928, If the back pressure in the system is too high, the
purmp or a vacuum pump 468 may be actuated to provide a slightly negative pressure or
suetion that may lower the back pressure on the systern.
{83138 As previously deseribed, the system may be programmed to enable a
pumber of different processes. The processor or microcontroller may be accordingly
programmed with a number of different algorithios depending on the fonctional mode to
be performed. Figore 93 ilhustrates how the different algorithms 388 may be programmed
into the processor or microcontrolier and how they may functionally interact with one
another. Once the device is tnitially powered on, the systermn may enter a Start-Up Meode
862 where the system performs a self-check of the sensors and the overall systern. Some
of the checks may include, e.g., ensuring pressure sensors have a detected mitial reading
of between 0 and 10 munHg which do not deviate from one another by more than §
mmHg; defecting a battery voltage reading of greater than 7.5 V) and/or detecting any
memnory feature which may be used to record various readings and parameters as well ag
load any number of additional features mnto the system.
{0319 Ouoee the Start-Up Mode $82 has been initiated and/or completed, the user
may, ¢.g., actuate the system to enter a Liner Puff Mode 584, n Liner Puff Mode 584,
the system may slowly add ambient filtered air into the lner until target treatment
pressure is reached, as described above. The pump may be turned on until the pressure
has mcreased by, e.g., 5 mmbg, and may then be shutoff for, ¢.g., 2 seconds. The pump
nay cycle on and off until the system measures, e.g., 85 mmHg. Typically, the full ramp-
up may take, e.g., 15-20 seconds. When 85 nunHg is reached, the device may then enter
Liner Check Maode 586, 1o this mode, the sysiem may detect for leaks in the system. The
systern may waits for, e.g., 5 seconds, after Liner Puff Mode 564 is complete and then
detect whether the pressure s still above, e.g., 40 mmHg or more. I the system i
holding pressure, the device may then enter Treat Mode 588,
{0328 During Treat Mode 508, the system may deliver the cryogenic floid or gas
to the hiner while looking for pressure faults. An example of a pressure fault may include
a detected pressure value greater than, e.g., 150 mmHg. The treatment may be stopped
automatically and user restart may be halied at least temporarily by the system. Another
example of a pressure fault may include when a detected pressure deviates from other
pressure readings by, e.g., 20 mmHg or greater {or 3 consecutive seconds. Again,

treatment may be stopped aontomatically and user restart may be halted at feast
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temporarily by the system. Once a predetermined time period has elapsed, e.g., 2 minutes
and 30 seconds, the device may enter Thaw Mode 518,

10323 Ia Thaw Mode 516, the system roay push pufls of ambient filtered air into
the liner to warro it up for removal from the patient. The pump may push air info the
cavity while the exhaust solenocid is closed until, e.g., 10 mmHyg pressure in the cavity is
measured. The purop may be then tumed off and the exhaust solenoid opened for, e.g., 2
seconds to allow the air to escape the cavity. The punp/open cycle may be repeated for,
e.g., 2 minutes. Additionally and/or optionally, a vacuum may also be used in Thaw
Maode 839, c.g., to facilitate peeling of the Hiner 174 from the frozen vierine walls and to
expedite the removal of the device.

{0322 ce Thaw Mode 5318 has been completed, the system roay then enter
Disposal Mode 512 where the Hner and system may be evacuated of any cryogenie fhad
or gas. In the event that any of the different modes detects a fatfure, e.g., i the Startup
Mode 862 fails, too many puff attemipts are detected during the Liner Puff Mode 584, a
leak s detected during the Liner Check Mode 388, or a pressure falt is detected by the
system during the Treat Mode 508, then the system may actomaticaily defaclt into
entering the DHsposal Mode 532

{03231 In the event that the user pauses the systern anyhime doring the Liner Puff
Mode 564 or the Liner Check Mode 586, the sysiem may enter into the Pause Mode 514
where the sysier releases pressure and waits indefinitely for the user to re-initiate the
puff up sequence by initating the system agatn. In the cvent that the user pauses the
system anytime during the Treat Mode 588, the user may have a predetermined period of
time, ¢.g., 15 seconds, to re-start treatrment or the syster may stop entirely, The time
fimit may be toposed so that the frozen tissue does vot thaw significantly which could
affect the ultimate depth of ablation, When treatment is ve-started, the treatment time
resumes from where it was paused.

{6324] Additionally and/or optionally, the processor or microconivoller may also
be progranmmed to monttor the overall system. Hence, the systera may be programmed to
transmoit a signal on a regular basis, ¢.g., every second, to a monitoring system. if the
monitoring system fails to receive the signal,, the entire system may be shut down such
that the valves automatically close, the exhaust valve opens, and the pumps shut down.
183251 Additional features roay also be meorporated for safety. For mstance, o

order to prevent high pressare from developing within the uterus due to the accamulation

[

of the cryogenic fluid or gas, safety features may be integrated into the system. Examples
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o some of the safety features may include: redundant, kink-resistant pressure lines and
sensors (0 monitor intrauterine cavity pressure; How rate-limited delivery Hne to
minimize the amount of eryogenic thud or gas introduced o the cavity in the event of a
catastrophic {athure; pressure rehief valve iu the exhaust flow path which opens if the
primary path is obstructed; flexible yet crush-resistant, laser-cut, stainless steel exhaust
tube within the Hiner; fail-safe solenoid valve on the cryogenic fluid or gas inflow path
which closes in the event of a power failure or other control system fathure; and/ov
software walchdog to safely shutdown the device in the event of a software malfunction.
{8326] Morgover, in order to prevent cryogenic fhuid or gas i the exhaust from
coming imto contact with the physician or patient, additional safety provisions may also
be implemented. Examples of some of these safety provisions may include: heat sink m
the exhaust pathway to promote the conversion of cryogenic fluid or gas from liquid to

ascous states; and/or convaluted tube at the end of the exhaust path to further promote

[11e]

cryogenic fluid conversion from hquid to gaseous states and also prevent cryogenie fhud
or gas from contacting the physician or patient.

{03273 As described herein, various visualization modalities may be utitized with
any of the syster variations described. For instance, hysteroscopic visualization may be
accomplished by otilizing scope having, .g., a 2.9 nun outer dianeter and 3% cm length
Such a scope may be introdaced through, e.g., the handie assembly 211, through a seal
that mterfaces with the scope and allows for the inflation of the Hner with the scope in
place if @ more broad view of the cavity is destred. The scope may be removed before
treatment is initiated.

{B328] Additionally and/or alternatively, ultrasound visuahization may also be
utiiized to aid the user in the placement of the device within the cavity. During freatment,
the eryogenic fluid or gas is visible under sitrasound as s the 1ce front.

{8329 While the treatment assembly may be comprised of a completely
disposable handheld device which is provided sterile to the user, the cryogenic flwid or
gas, e.g., liquid N0, may be contained in a canister which is infegrated into the device.
Alternatively, the assembly may be tethered to a reusable hguid NoO tank, Electronie
components may be relocated from the handheld device to a reusable console which
could also contain the Hauid N»O tank. In another aliernative, a simple disposable
elerment of the system may attach fo a reusable handle tethered to a Higuid MO fank. The

reusable handle could be re-sterilizable and may contain the majority of the components
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normally contained within the disposable handle. The disposable element could consist
of the flexibie probe, Bner, pressure-sensing lumens and the N,O delivery line.
{83301 While the system is described above for the cryoablative treatment of the
uterine cavity, the system may also be used for other applications. Por instance, the
systern may be utilized for shrinking or killing uterine fibroids where the probe may be
inserted and the liner inflated with gas, as previously described, and a visualization
clement (ultrasound or hysieroscopy ) may be used to position a freezing clement up
agamnst the fibroid and freezing may be mitiated. The freezing clement may be posilioned
against the endometrial wall or may be inserted inte the fibroid itselfl The time of the
freeze may be determined based upon the size of the fibroid with longer freczes for larger
fibroids.
{8333 In addition to the imtial positioning, the frecze may also be tracked using
vlirasound, hysteroscopy or other visualization tools and stopped once a sufficient freeze
has been achieved. The cryogen may be infused into a small balioon or hiner fnflated
within the larger, gas-filled Lner which may extract energy across both liners from the
fibroid. Thec 1 transmitting fumen can alse be fexibly directed o the surface of the
fibroid under visualization and the cryogen transmission balloon can be sized to best it
the endometrial surface of the fibroid and the freeze can be mitiated and tracked under
visualization. The small cryogen transmission balloon may also be replaced with a metal
or other thermally conduactive tip in which the cryogen undergoes a phase change and/or
exiracts cnergy. The gas-filled liner will allow for good visuahzation of the uterus and
the freezing probe. In alternative vanations, hyperthermal or other destrouctive energy
may also be transmitted across the liner in order to destroy the fibroid with the Hner
stmply acting as a source of controlled visualization without the introduction of saline or
other distention media.
{83334 In yet another application, the system may be used to treat conditions such
as Barrett’s Esophagus. The probe may be inserted under endoscopic visualization and
the Iiner sized to the length of the esophagus to be treated. The Hiner may then be inflated
and visuabization may be repeated across the hiner to ensure optimal distention and
contact with tissues to be treated. The cryogen delivery probe may then deliver a hquid
cryogen or, preferably, a cold gas to the interior of the liner to treat the tissucs adiacent to
the Hner, If needed or desired, the liner may then be deflated, repositioned and crvogen
mmay be reinfused one or wore times. This may be particularly the case for a relatively

smaller esophagos in which the oversized liner may have more extreme folds which could
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prevent energy transmission. Reposilioning and redeployment of the iner may allow for
these folds to scour in different arcas and will allow for a more consistent ablation. The
use of cold gas may also allow for a more counsistent, Hght ablation, as well, due to the
smaller gradient m temperature and lack of the powerful phase change. Benefits of this
design include the ability to prevent overlapping circumferential ablations which have
been found to cause strictures and stenosis. Additional benelit can be found from the
consistentt treatment of all or part of the esophagus, inchuding the gastroesophageal
janction.
{8333] In yet ancther application, the syster may be used to treat conditions soch
as treating beoign prostatic hyperplasia (BPH) by shrinkiog the prostrate. The prostate
Hsque 1s sensitive to eryotherapy as evidenced by the efficacy of cryogemie freezing of the
prostate for oncology. In this vanation of the device, the liner may be placed in the
urethra in the region of the prostate and cryogen may be infused {Hquid or gas) info the
tiner. The energy may be fransmitted across the wall of the liner and the urethra into the
prostate cavsing apoptosis and death of the prostatic cells that are gencrating the
symptoms of benign prostatic hyperplasia. The vrethra may be temporarily stented open
to allow for epithelialization without stricture formation either before or after the therapy.
The stent could be configured to degrade over time, pass on its own and provide
symptomatic relief and protection from urine during the healing period (e, be an
cchusive barrier).
{8334 Jue to the case of visualization of the freeze, this therapy may also be
conducted under direct visualization to ensure optimal freezing. This freeze may be
stopped and/or restarted by the user, but may optimally be a programuned time or time at
temperature. The therapy may also be performed without visualization in which case the
freexe probe may be mserted with a location indicator (i.¢., a balloon that is inflated in the
bladder and drawn back to the urethral outlel) and therapy mitiated once the correct
position has been obtained.
{4335] While illustrative examples are described above, #t will be apparent to one
skilled in the art that varicus changes and roodifications roay be roade therein, Moreover,
various apparatus or procedures described above are also intended to be utilized in
combination with one 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 tissue freatment system, comprising:

a handle having a housing;

3 an ¢longate probe extending from the housing and having a distal tip and a
fexible length;
a liner expandably enclosing the probe;
at least one infusion lumen positioned through or along the elongate probe,
wherein the infusion fumen defines one or more openings along its length; and

10 a controller configured to:

deliver a non-ablative fhud into the interior of Hner to expand the hiner;
monitor a condition of the Hner;

deliver an ablative fluid into an mterior of the liner via the infusion lumen;
evacuate the ablative fluid from the hner.

N

2. The tissue treatment system of claim 1, where the controller is configured to
monitor the condition of the liner by mouitoring a pressure n the liner for a peried of
toe.

20 3. The system of claim 2 wherein the controller is further configured fo monitor
the condition of the liner by detecting whether the pressure within the interior of the Hiner
renains above a set pressure over a pre-determuned period to determine whether a leak is
present within the liner.

25 4. The tissue treatment system of claim 1, where ablative fluid comprises a
cryoablative Hguid.

3. The tissue treatment system of claim 4, where the controller is configured (o
evacuate the ablative floid from the liner after the cryoblative Hquid changes to a gas.

30

6. The tissue treatment system of claim 1, where delivering the ablative fluid into

the intertor of the liner oceurs subsequent to roonitoring the condition of the hiner.

-3
L2



WO 2014/189601 PCT/US2014/023545

10

b

[

30

7. The system of claim 1 further comprising at least one delivery fumen shidingly
positioned through or along the infusion lumen, wherem transiation of the delivery lumen
relative to the mfusion lumen controls a number of unobstructed openings along the

mfusion himen to control an ablative length of the liner.

#. The tssue freatmoent system of claim 1, where the nou-ablative fluid comprises

ambient air.

9. The system of claim 1 wherein the controller is further configured 1o deliver
the ambicnt air jnto the intevior of the hner at a pre-determined pressure for a pre-

determine period prior to infosing the ablative fluid.

10, The system of clairn | wherein the controfler is further configured to cease

delivering the ablative {hud into the interior of the hner.

11. The systero of claim 10 wherein the controller 15 further configured fo infuse
air mto the interior of the Huer while the ablative fhud rernains within the interior and

then vent the liner to thaw tissue in contact with an exterior of the hner.

12. A method of treating tissue, comprising:

positioning an clongate probe into a body humen to be treated;

expanding a hner enclosing the probe into contact against the body lumen using a
non-ablative fuid;

monitoring a fuid condition of the hiner; and

mfusing an ablative fluid through a delivery lomen such that the fluid passes into

an infusion lumen and into the liner (o contact an interior of the liner.

13. The method of clarm 12, further comprising adjusting a position of the
delivery tumen relative to the mfusion lumen which is positioned through or along the
clongate probe such that one or more openings defined along a length of the infusion

fumen remain unobsiracted by the dehvery lumen.
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3, where infusing the ablative fluid through the

3
H

14. The method of claim

WO 2014/189601
debivery luraen further compriscs maintaining the liner at a pressure of up to 150 mmig

and for a period of time of up to 150 seconds.

10

corprises monitoring a pressurc in the Hner for a period of time.

determine whether a leak s present within the Hiner.

135, The method of claim 12, where momitoring the fluid condition of the liner

16. The method of clanm 12 further comprising detecting whether the pressure

erein mfusing the ablative floid is controlled viaa

iy

within the interior of the hner remains above 40 mmHg over a period of' 5 seconds to

. The method of claim 12 w

17
. The method of claim 12 further comprising ceasing the infusion of the

controller
fatm 12 wherem prior to infusing the ablative flnd, miusing

£
o
i

18
ablative fhiid inte the interior of the Hner.
an air into the interior of the Hner at a pre-determined pressure and for a period of time.

19, The method o
further comprising detecting whether the pressure

b

20, The method of claim 12
within the interior of the hner deviates by at least pre-determined pressure over a pre-
determined period of ime to determine whether a leak s present within the liner.
21. The method of claim 12 further comprising infusing an air into the interior of

the liner at a pre-determined pressure while the ablative fluid remaing within the interior
and then venting the liner for a pre-determined about 2 seconds to thaw tissue in contact

with an exterior of the liner,
22, A method of ablating tissue, comprising:
positioning an clongate probe inio a body fumen to be treated;

delivering a non-ablative gas into the a Hner enclosing the probe fo expand the

36
Iiner into contact against a tissue surface of the body Tumen;
monitoring a condition of the Hoer;
75
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infusing an ablative fhud i a liguid state through an imfusion himen along the
probe and through one or more openings defined along a length of the infusion lomen;

spraying the ablative fluid against a wall of the hiner such that the ablative fluid
irans{orros 4 state upon ablating tissue 1o a gas state upon coohing tissue in contact with

the wall of the liner; and

cvacuating the ablative fluid in the gas state from the lner.

23. The method of claim 22 wherein infusing further comprises adjusting a
position of a dehivery lumen relative to the infusion fomen such that the one or more
openings defined along the length of the mfusion lumen romatn uncobstructed by the

debivery humen.

24, The method of claim 22 wherein spraving further comprises reducing a
' f= —

termperature within the interior of the liner to about -89° C within 6-7 scconds after

25. The method of claim 22 wherem spraving further corprises sprayving the
o o foe)

ablative fluid 1o a transverse or perpendicular divection relative to the probe.

26. The method of claim 22 wherein spraying further comprises coating the wall

of the lner with the ablative fluid.

27. The method of claim 22 where delivering the non-ablative gas into the finer
comprises infusing one or more pufly of afr into the Hoer until the Hner conforms to the

body lumen.

28. The method of claim 22 wherein infusing the ablative fluid comprises

mfusing a nitrous oxide or argon fluid toto the mterior of the Haer.

29, The method of claim 22 {urther comprising momtoring a pressure of the

interior of the Hner while spraying the ablative {luid.

30. The method of claim 22 where monitoring the condition of the Imer further
cormprises monitoring a pressure within the terior of the Hner for detecting a leak.
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31. A medical device for reating a tissue of a body cavity using an ablation
agent, the medical device comprising:
an elongate probe having a distal up;

S a liner expandably enclosing the probe, the hner configured to expand and
conform to the body cavity upon the application of low pressure within the liner, where a
tiner wall is configured 1o convey energy between the tissue cavity and the ablation agent;

at least one infusion himen extending from the clongate probe into the liner, the at
least ene mfusion fomen having a phurality of infusion openings positioned along a length
10 ofthe liner;
where the plurahty of infusion openings are configured to divect flow of the
ablation agent from the infusion lumen to a plurality of respective wall sections of the
hner wall;
at least one delivery humen shidingly positioned in the infusion lumen, wherein
{5 wanslation of the delivery lumen relative to the infusion Tumen during the fow of the
ablation agent permits selectively directing flow of the ablation agent through one or
more of the plurality of openings to selectively ablate the tissue in contact with one or

more of the respective wall sections.

b

[

32. The system of claimn 31 where the plurality of infusion openings are
configured to dircct flow of the ablation agent in a lateral direction relative to the mfusion

lumen.

33. The system of ¢laim 31 where the plurality of infusion openings are
25 configured to divect flow of the ablation agent jo alternative directions relative to the

infuston himen.

34. The system of clairo 31 wherein the plurahity of infusion openings along the
mfusion fumen are defined opposite to one another along the infusion lumen.

30

WA

£

35. The system of ¢laim 31 wherein the delivery Tumen comprises a Nitinol

debivery tube shidingly positioned through the fnfusion lumen.

-3
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36. The system of claim 31 wherein the plurality of infusion openings comprise a
phorality of patterned slots along an anterior and/or posicrior surface of the elongate

probe.

37. The system of claim 36 wherein the elongate probe is configured to bend
within a single planc via the one or more slots.

31

38. The system of claim 31 where the ablation agent comprises a crvoablative

fluid and further comprising s reservoir of the cryeablative fluid in fluid communication

with the debivery hummen,

39. The system of claim 38 wherein the eryoablative thud comprises nitrous

oxide.

4. The system of claim 31 further comprising a sheath assembly shdably

positioned over the elongate probe.

41, The system of claim 31 further comprising one or more transmitiers and

receivers positioned upon the elongate probe.

42. The system of claira 31 further comprising & pump in thud coromunication

with the liner miterior.

43, The systorm of claim 42 further coroprising a valve fluidly coupled to the
purnp and which s reconfigurable to divert positive and negative pressure from the pump

tos the liner interior.

44. The system of claim 31 further comprising one or 1OOre ProsSsure Sensors

along the elongate probe.

45. The systom of ¢laim 31 wherein the Hner comprises at least two tapered
poriions extending from the distal end of the elongate probe such that the tapered portions

ave configared to contact a corresponding uterine corng.

3
oo
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46. A method of treating tissue, comprising:

positioning an clongate probe inio a body fumen to be treated;

expanding a hner enclostng the probe into contact against the body lumen, where
the liner includes at least one mfusion huren having a plurality of infasion openings
positioned along a length of the Iiner, the plarality of miusion openings being configured
to direct flow of a floid to a plorality of respective wall sections of the liner where each of

the infusion openings is associated with at least one of the plurality of respective wall

fision fumen; and

&3

seotions;
delivering an ablative agent through a delivery umen into the inf

10 adjusting a treatment length of the Hiner by translating the debivery tumen relative

to the nfission lumwen to selectively divect flow through one or more of the infusion
openings and control debivery of the ablation agent one or more of the respective wall
sections of the liner.
47. The method of claim 46 further comprising withdrawing the cryoablative
fluid from the interior of the liner.
48, The method of claim 46 wherem expanding the liner comprises slowly addng

a non ablative fluid into the liner until the hner conforms to the body tumen.

b

[

49, The method of claim 46 wherein translating the delivery lumen conprises

translating the dehvery lumen through the infusion himen to selectively obstruct the one
OF WIOTC OpEnings.
50. The method of claim 46 wherein delivering the ablative agent comprises
delivering a crvoablative thaid into the interior of the Hner.
31. The method of claim 46 further comprising ceasing delivery of the ablative
agent and evacuating the interior of the hner through the elongate probe.
36

52. The method of claim 51 wherein evacuating the interior of the liner comprises

switching a valve m fluid communication between a purop and the mierior of the liner

-3
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53, The method of claim 46 wherein expanding a liner further comprises

transmutting one or more signals from a distal end of the clongate probe to detect a

position of the probe relative to the body fumen.

S 54. The method of claim 46 wherem expanding a liner further comprises
transmifiing one or more signals along a length of the probe to detect an expansion of the

body lumen,

55. The method of claim 46 wherein infusing a crycablative fluid comprises

10 maintaining an msulative annular spacing ot gap between a sheath assembiy and the

mterior of the clongate probe.

56. The method of claim 46 further comprising monitoring a pressure of the

mterior of the Hiner while infustng the cryoablative fluid.

15
57. The method of claim 46 {further comprising monitoring a temperatore of the
body hlumen while fnfusing the cryoablative fluid.
58. The method of claim 46 wherem expanding a liner further comprises
20 detecting for a feak.

59, A tissue treatmient system, comprising:
an ¢longate probe having a distal tip and a flexible length;
at least one infusion lumen positioned through or along the elongate probe,
25 wherein the mfusion tumen defines one or more openings along its length;
at least one delivery lumen shidingly positioned through or along the infusion
humen, wherein translation of the delivery lomen relative to the infusion fumen controls a
number of unohstructed openings along the infusion huwen; and
a liner expandably enclosing the probe.
36
60. The system of claim 59 wherein the clongate probe defines an exhaust himen

{or an ablative ftuid.
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61. The system of claim 59 wherein the infusion himen and delivery lumen are in

fluid communication with one another.

62. The system of claim 39 wherein the one or more openings along the infusion

humen are defined oppostte to one another along the infusion lamen.

63, The system of clairo 39 wherein the delivery lumen comprises a Nitinol

delivery tube shidingly positioned through the infusion fumen.

64, The systom of claim 59 wherein the clongaie probe defines a plurality of

patterned slots along an anterior and/or posterior surface.

65, The system of claimn 64 wherein the ¢longate probe is configured to bend

within a sfngle plane via the one or more siots.

66. The systern of claim 59 further comprising a reservoir of a cryoablative fluid

1 fluid communication with the delivery tumen.

67. The system of claim 66 wherein the eryoablative thud comprises nitrous

oxide.

68. The system of claim 59 wherein the elongate tumen defines an active

treatment portion near or at the distal tip.

69. The system of claim 539 further comprising a sheath assormbly shidably

positioned over the elongate probe.

7. The system of claimn 69 wherein the sheath assembly comprises an inner

1
¥
i

sheath and an outer sheath defining an annular spacing or gap.

71. The systern of claim 59 further comprising one or more transmitters and

receivers positioned upon the elongate probe.

a1
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72. The system of claim 59 fiwther comprising a pump in thad commumication

with the liner interior.

73. The system of claim 72 further comprising a valve thadly coupled to the
S pump and which is reconfigurable to divert positive and negative pressare from the pump

to the liner interior.

74. The system of claim 59 firther comprising one or more pressure sensors
along the clongate probe,
16
75. The aystem of claim 39 wherein the Hiner comprises at least two tapered
portions extending from the distal end of the elongate probe such that the tapered portions

are configured to contact & corresponding uterine corng.

15 76. A method of treating tissue, comprising:

positioning an clongate probe inio a body fumen to be treated;

expanding a Hoer enclosing the probe into contact against the body lumen;
.

adiusting a position of a delivery lumen relative to an infusion lumen which is

positioned through or along the elongate probe such that one or more openings defined

b

[

along a length of the nfusion lumen remain unobstracied by the delivery fumen; and,
fofusing a cryoabiative fluid through the delivery lumen such that the fluid passes
mito the infusion lomen, through the unobstructed openings, and into contact against an

interior of the liner.

25 77. The method of claim 76 further comprising withdrawing the cryoablative

{hud from the interior of the hner.

78, The method of claim 76 wherein expanding a Hoer comprises infusing one or
more pulls of air mto the Hoer antil the iner conforms to the body lumen.
36
79. The method of claim 76 wherein adjusting a position of a delivery lumen
comprises translating the dehvery lumen through the infusion turnen to selectively

obstruct the one or more openings.
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30, The method of clatm 76 wherein infusing a cryoablative fluid comprises

infusing nitrous oxide into the interior of the liner.

81. The method of claim 76 further comprising ceasmg infusion of the

cryvoablative fuid and evacoating the interior of the Uner throueh the elongate probe.
¥ £ 2 £aLE ]

#2. The method of clabm 81 wherein evacuating the interior of the huer coraprises

switching a valve i fluid communication between a pump and the interior of the hner.

83. The method of claim 76 wherein expanding a liner further comprises
iransmitiing one or more signals from a distal end of the clongate probe to detect a

position of the probe relative to the body lumen.

#4. The method of claim 76 wherein expanding a liner further comprises
transmaifting one or move signals along a length of the probe to detect an expansion of the

body lomen.

85, The method of claim 76 wherem miusing a cryoablative fhad comprises
maintaining an msulative anmular spacing or gap between a sheath assembly and the

intertor of the clongate probe.

86. The method of clanm 76 {urther comprising monttoring a pressure of the
interior of the Hner while infusing the cryoablative fluid.
87. The method of claim 76 further comprising roonitorfng a teraperature of the

body lumen while infusing the eryoablative fluid.

#¥. The method of claim 76 wherein expanding a liner further comprises

detecting for a leak,

89. A method of withdrawing a liner from a tissue surface, comprising:

positiomang an elongate probe mnto a body cavity 1o be treated;

expanding a Huer enclosing the probe into contact against the tissue surface of the
body cavity;
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infusing a cryveablative flaid or gas via the elongate probe and within an interior of
the Hner such that the tissue surface in contact with the liner is ablated;
applytng a nogative pressure within the interior of the liner such that the bner is

pulled 10 a normal divection away from the tissue surface.

90. The method of claim 9 wherein positioning an elongate probe comprises

miroducing the elongate probe into a uterine cavity.

81. The method of claim 89 wherein expanding a liner comprises infusing one or
2 )

more puils of air into the interior of the liner until the Iiner conforms to the body cavity,

92. The method of claim 89 wheremn mfusing a cryoablative thud or gas

comprises infusing nitrous oxide into the nterior of the liner.

93. The method of claim 89 wherein applying a negative pressure further

comprises withdrawing the cryeablative fivid or gas from the interior of the hiner.

94. The method of claim 89 wherem applying a negative pressure further
comprises ceasing infusion of the crvoablative fluid and evacoating the mterior of the

Liner through the elongate probe.

95. The method of clatm 94 wherein evacuating the interior of the liner comprises

switching a vaive in fluid communication between a pump and the interior of the Hoer.
96, The method of claim 89 wherem mfusing a cryoablative thud or gas
comprises mainiaining an insulative annular spacing or gap between a sheath assembly

and the interior of the elongate probe.

97. The method of claim 89 further comprising monttoring a pressure of the

mterior of the Hner while mifusing the cryoablative fluid or gas.

98. The method of claim 89 further comprising roonitoring a teraperature of the

body cavity while mfusing the cryoablative fluid or gas.

&4
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99. The method of claim 89 wherein expanding a liner further comprises

detecting for a leak.

100, The method of clamm 89 further comprising miroducing a thad or air into the
mnterior of the hner to warm the liner after infusing the cryoablative flaid or gas.
101, The moethod of claim 89 further comprising heating the toterior of the liner to

warm the Hner after mfusing the cryoablative flaid or gas.

102, A tiner configured for expansion within & uterine cavity, cormprising:

9
¥
H

a flexible membrane which is configured to have a flaticned shape when inan
unexpanded configuration and a contoured shape which conforms 1o the ulerine cavity
when in an expanded configuration,

wherein the membrane in the expanded configuration has a length which tapers
from a fivst width to a second width which 1s srealler than the first width and which s
sized to receive an instrumnent thercthrough into an interior of the membrane,

wherein the first width comprises a first curved portion and a second curved
poriion opposiie fo the frst curved portion such that the membrane between the first and
second curved portions defines a first region having a {irst radius,

wherein the membrane proximal {o the first and sccond curved portions further
defines a second region having a second radius different from the first radius, and

wherein the membrane proximal to the second region further defines a third region

having a third radius which is opposite relative {o the second radius.

103, The Hner of claim 102 wherem the membrane 1s configured 1o be pleated to

facilitate folding of the membrane for deplovment.

104, The hner of claim 102 whercin the membrane has 2 uniform thickness.

105, The hner of ¢laim 102 wherein the membrane has a non-uniform thickness.

106. The lner of claim 102 wherem the length of the membrane is about 3.5 1.

107, The liner of claim 102 herein the {irst width of the membrane is about 2.4 in.
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108, The liner of claim 102 wherein the second widih of the membrane is about

0.3 .

S 109, The hiner of claim 102 wherem the membrane 18 comprised of polyvurethane.

118, The hiner of claim 102 further comprising an elongate shaft upon which the

second width of the membrane 1s aitached.

10 111, The hner of claim 110 further comprising:
an elongate probe having a distal tp and a fexible length which is positionable
through the second width and into the interior of the membrane;
at least one infusion lumen positioned through or along the elongate probe,
wherein the infusion lumen defines one or more openings along its length; and
13 at least one delivery humen shidingly positioned through or along the mfusion
fumen, wherein translation of the delivery humen relative (o the infusion lumen controls a

number of unobstrucied openings along the jnfusion lumen.

{12, The Hner of claim 111 wherein the clongate probe defines an exhaust lumen

20 for an ablative floid.
113, The hiner of claim 111 whevein the mfusion fumen and delivery hamen are in
fluid comnmunication with one another.
25 114, The tner of claim 111 further comprising a reservorr of a eryoablative thad
or gas in fhud communication with the delhivery lumen.
118, The hner of claim 102 wherein the first and second curved portions are each
configured to contact a corresponding uterine cornu.
36

116, A handheld tissue treatment system, comprising:

a handle having a housing;

an elongate probe having a distal tp and a flexible length extending from the
handle;
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at least one infusion himen positioned throagh or along the clongate probe,
wherein the infusion humen defines one or more openings along its length;
at least one delivery lumen shidingly positioned through or along the tufusion
fumen, wherein translation of the delivery lumen relative to the mfusion hamen controls a
S nuomber of anobstructed openings along the infusion lumen;
a liner expandably enclosing the probe; and
a reserveoir containing a cryoablative fluid or gas which is integrated into or along

the housing and in fhnd communication with the at least one mfusion lumen.

10 117, The systern of claim 116 wherein the elongate probe defines an exhaust
fumen for the erycablative fluid or gas.
118, The system of claim 116 wherein the infusion lomen and delivery Tumen are
n fluid communication with one another.
15

[

119, The system of ¢laim 116 wherein the one or more openings along the

wfusion lumen are defined opposiic to one another along the nfusion lumen

128, The system of claim 116 wherein the delivery lomen comprises a Nitinol
delivery tbe slidingly positioned through the infusion humen.

121, The system of claim {16 wherein the clongate probe defines a plurality of
patterned slots along an anterior and/or posterior surface.

122, The systern of claim 121 wherein the elongate probe is configured 1o bend
within a single plane via the one or more slots.

123, The system of claim 116 wherein the cryoablative fhuid or gas comprises
nitrous oxide.

124. The system of clamm

3 116 wherein the clongate lumen defines an active
ireatment portion near or at the distal tip.
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125. The system of claim 116

rad .
Turth

her comprising a sheath assembly slidably
positioned over the elongate probe.

126, The systern of claim 116

further comprising a purop 1 {luld communication
with the liner mterior.

127, The system of claim 116 wherein the liner comprises at least two tapered

portions extending from the distal end of the elongate probe such that the tapered portions
arc configured to contact a corresponding uterine cormi.
16

128. A method of treating tissue, comprising;

positioning an elongate probe extending from a handle into a body lumen to be
treated;

expanding a hiner enclosing the probe into contact against the body lumen;
adjusting a position of a delivery umen relative to an infusion lumen which 1s
positioned through or along the clongate probe such that one or more openings defined

along a length of the infusion lumen remain unobstructed by the delivery tumen; and,
mfusing a crycablative thad or gas froma

TN

PN

b

ervoir through the dehivery lamen
such that the fluid or gas passes into the infusion lumen, through the unobsiructed

[

openings, and into contact against an interior of the liner, where the reservoir is integrated
o or along the handle.

¥
1

129. The method of clamm 128 further comprising withdrawing the cryoablative

fluid or gas from the interior of the hner.

138, The method of claim 128 wherein expanding a Huer comprises infusing one

or more pulfs of air into the Hoer until the Hiner conforms to the body fumen.

131, The method of claim 128 wherein adjusting a position of a debivery humen

comprises translating the delivery tumen through the infusion humen to selectively
obstroct the one or more openings.

132, The method of clatm 128 wherein infusing a eryoablative fluid or gas
comprises infusing nitrous oxide into the nterior of the liner.
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133, The method of claim 128 further comprising ceasing infusion of the
cryoablative fluid or gas and evacuating the interior of the Hoor through the clongate

probe.

134, The method of claim 128 further comprising moniloring a pressure of the

mterior of the Hner while nfusing the crvoeablative fluid or gas.

135, The method of claim 128 wherein expanding a hner further comprises

10 detecting for a teak.

136, A tissue treatment system, comprising:
a handle having a housing;
an clongate probe extending from the housing and having a distal tip and a
15 flexable length;
a liner expandably enclosing the probe;
at least one infusion lumen positioned through or along the clongate probe,
wherein the infusion tumen defines one or more openings along s length; and

a controller which is prograrmmed to infuse a crycablative fhuid or gas into an

b

[

interior of the liner via the infusion humen at a pressure of up to 150 nunHg and for a

period of timoe of up 1o 150 seconds.

13

-3

. The sysiem of elaim 136 further comprising at least one delivery humen
shidingly positioned through or along the infusion fumen, wherein translation of the
25 debivery himen velative to the infusion himen controls a number of unobstructed openings

along the infosion lumen.

138, The system of claim 136 wherein the controlier is further programmed to
miuse air into the terior of the hner at a pressure of up to 85 nunHyg and for a period of

30 timme of up to 20 seconds prior to infusing the ervoablative fuid or pas.
X = o o

139, The systern of clarm 136 wherein the controlier 1s further programmed to
detect whether the pressure within the interior of the Hner remains above 40 mmHg over a
period of 5 seconds to determine whether a leak is present within the Hiner.

29
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144 The systern of claim 136 wherein the controlier 1s further programmed to
detect whether the pressure within the interior of the Huer deviates by 20 mmHg or more

rad
£
H

over a period of 3 seconds to determine whether a leak is present within the huoer.
141, The system of claim 136 wherein the controlier is further programmed to
mfuse the eryoablative thuid or gas until a temperature of the interior of the lner s about -

B9° .

142, The systern of clamm 136 wherein the condrolier 1s further programmed fo

cease tnfusing the eryoablative fhiid or gas mto the interior of the hiner.

143. The system of claim 142 wherein the controlier is further programmed to
mfuse air into the interior of the liner at a pressure of about 10 mmoHg while the
cryocablative fhnd or gas remains within the interior and then vent for about 2 seconds to

thaw tissue o contact with an exterior of the liner.
144, The systern of claym 136 wherein the elongate probe defines an exhaust

umen for an ablative fhad.

145, The system of claim 136 wherein the one or more openings along the

mfusion lumen are detined opposite to one another along the infusion himen.

146, The systern of claim 137 further comprising a resevvoeir of a cryoablative

fuid in flwed coromunication with the delivery lomen.

147. The system of claim 146 wherein the cryoablative {luid comprises nifrous

oxide or argon.

148. The system of claim 136 further comprising a pump in uid communication

with the liner interior.

149, A methed of treating tissue, comprising:
positioning an elongate probe into a body lumen to be treated:

S0
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expanding a hner enclosing the probe into contact against the body lumen;

adiusting a position of a delivery lomen relative to an infusion lomen which is
positioned through or along the clongate probe such that one or more openings defined
along a length of the mfusion lumen remain unobstructed by the delivery luren;

mfusing a cryoablative fhid or gas through the delivery tumen such that the fluid
passes into the infusion hunen, through the unobstracted openings, and into contact
against an interior of the Hner at & pressure of up 1o 150 mmHg and for a period of ime of

up to 150 seconds.

150, The method of clatm 149 wherein the infusion of the cryoablative fluid or

gas i3 controlled via a controlier.

151, The method of claim 149 further comprising ceasing the infusion of the

cryoablative fluid or gas into the mterior of the Hner.

152, The method of claim 151 wherein prior to infusing a crycablative fluid or
gas further comprising infusing aiv fnto the mterior of the biner af a pressure of up o 45

mmHg and for a period of time of up to 20 seconds.

153, The method of claim 149 further comprising detecting whether the pressure
within the nterior of the liner remains above 40 mumHg over a period of 5 seconds to

determine whether a leak is present within the liner.

154, The method of claim 149 further comprising detecting whether the pressure
within the mierior of the liner deviates by 20 yomHg or more over a period of 3 seconds 1o

determine whether a leak is present within the liner.

155, The mcethod of claira 149 wherein infusing a cryoablative fluid or gas

comprises infusing until a temperature of the mierior of the liner is about -89° C.

156, The method of claim 149 further comprising infusing air into the interior of
the liner at a pressure of about 10 romHg while the cryoablative fluid or gas remains
within the interior and then venting for about 2 seconds to thaw tissue i contact with an
exterior of the liner.
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157. A method of treating tissue, comprising:

posifioning an elongate probe ito a body fumen to be treated;

expanding a hiner enclosing the probe mto contact against the body lumen;

adiusting a position of a dehvery lumen relative to an infusion lumen which is
positioned through or along the elongate probe such that one or more openings defined
along a length of the tnfusion kumen remain unobstracted by the delivery lumen;

infusing a cryvoablative flaid or gas at a limited flow rate through the defivery
fumen such that the fluid passes into the infusion humen, through the unobsiructed
opem-i%, and into contact a: wmst an intertor of the linersuch that ate mperature w ithin
the mterior of the liner drops to -89° C within 6 to 7 seconds of introducing the fluid or

Tk

4]
&

158, The method of claira 157 wherefn infusing a cryeablative fluid or gas
comprises infusing at a pressure of up to 150 mmteg and for a period of time of up to 150
] 5 ] & ]

seoonds.

159, The method of clamm 157 wherein the mnfusion of the eryoablative fuid or
gas is controlled via a controlier.
168, The mcethod of claim 157 further comprising ceasing the infusion of the

cryoablative fhud or gas into the mterior of the hiner.

161, The method of claim 160 wherein prior to infusing a cryocablative thiid or
eas {urther comprising infusing air inlo the mierior of the liner at a pressure of up o 85

mmHg and for a period of time of up to 20 seconds.

162, The method of claim 157 further comprising detecting whether the pressure
within the mterior of the hner remains above 40 mmHg over a period of § seconds to

determine whether a leak is present within the liner.

163, The method of claim 157 further comprising detecting whether the pressure
within the nterior of the Hner deviates by 20 wamHg or more over a period of 3 seconds (o
fetermine whether a leak is present within the liner.
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164, The method of claim 157 further comprising infusing air into the fnterior of
the hner at a pressure of about 10 ramHg while the cryoablative fhuid or gas remains
within the mierior and then ventmg for about 2 seconds to thaw tissue i contact with an

§ extertor of the hner.

165, A methed of ablating tissue, comprising:
positioning an clongate probe into a body humen to be treated;
expanding a hner enclosing the probe into contact against a tissue surface of the
10 body lomen;
mfusing a eryoablative fhad through an infusion lumwen along the probe and
through one or more openings defined along a length of the mfusion tumen;
spraying the cryoablative fluid within an interior of the liner and into contact
against a wall of the liner; and
15 cooling the tissue m contact with the iner by absorbing heat from the tissue

surface conducted through the Hiner and into the fluid such that the fluid evaporates into a

gas form within the liner,

166, The method of claim 165 further comprising withdrawing the gas from the

[

intertor of the hner via the probe.

167. The method of claim 165 wherein infusing Surther comprises adjusting a
position of a dehivery lumen relative to the infusion fomen such that the one or more

openings defined along the length of the mfusion lumen romatn uncobstructed by the

25 delivery humen.

168. The method of claim 165 wherein spraying further comprises reducing a
termperature within the interior of the liner to about -89° C within 6-7 scconds after
spraving.

36
169, The method of claim 165 wherein spraying further coraprises spraying the

fhud in a ransverse or perpendicular divection relative to the probe.
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170, The method of claim 165 wherein spraying fuvther comprises coating the

wall of the Hiner with the sprayed fuid.

171, The method of claim 165 further comprismg withdrawing the gas from the

interior of the hner.

172, The method of claim 171 wherein withdrawing the gas comprises switching

a valve in thud commumication between a pump and the interior of the liner.

173, The method of clatm 165 wherein spraying further coraprises spraying the

fhuid for a period of time of up to 150 seconds.

174, The method of claim 165 wherein expanding a liner comprises infusing one

ot moore puffs of air futo the Haer until the tiner conforms to the body fumen.

175, The method of claim 165 wherein infusing a crycablative fluid comprises
fusing nitrous oxide or argon inio the interior of the hner,

176, The method of claim 1635 further comprising ceasing infusion of the

o

cryoablative fluid and evacuating the mterior of the Haer through the elongate probe.
177. The method of claim 165 wherein infusing a cryoablative fluid comprises
maintaining an insuiative annular spacing or gap between a sheath assembly and the

wterior of the clongate probe.

178, The method of claim 1635 further comprising moniloring a pressure of the

interior of the Hner while spraying the cryoablative thud.

179, The method of claim 165 fiwrther comprising monitoring a teroperature of the

body lamen while spraying the cryoablative fluid.

180, The method of clamm 165 farther coraprising momiioring a pressure within

the mterior of the liner for detecting a leak.
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181, A tissue treatment system, comprising:

a handle having a housing;

an elongate probe extending from the houstog and having a distal tip and a
fiexible length;

a liner expandably enclosing the probe;

at least one infusion lumen positioned through or along the elongate probe,
wherein the infusion lumen defines one or more openings along its length;

one oF more pressure sensors within an interior of the liner; and

a controdler in communication with the one or more pressure sensors, wherein the
controller is programmed to monitor pressure while a cryoablative fluid or gas is infused

inte the interior via the infusion humen.

182, The system of claim 181 wherein the controlier is further programmed to
pause the infusion of the cryoablative Huid or gas when the monitored pressure excecds

150 mmiHg.

183, The systern of clamm 181 further comprising one or more actuatable valves in
communication with the controller, wherein the one or more actuatable valves are

configured to stop the infusion of the eryoablative fluid when triggered by the controller,
184, The system of claim 181 wherein the onc or more prossure Sensors are
positioned along the elongate probe for monitoring the pressure within the interior of the

finer.

185, The systern of claim 181 wherein the one or more pressure sensors are

positioned near or at a tip of the elongate probe.

186, The system of claim 181 wherein the onc or more prossure Sensors are

posttioned to be in fluid communication with the miusion lumen.

1

oD
=~

The systern of claim 181 further comprising one or more flow sensors in

communication with the controller.
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188. The system of claim 181 wherein a delivery Hne in fluid communication

with the infusion lumen is sized to Himit a flow rate through the debivery Hne.

189, The systern of claym 181 Durther comprising one or more temperature

§ senisors which are in communication with the coniroller.

190, The system of claim 181 further comprising an indicator or alarm io
commmunication with the controller, wherein the indicator or alarm is configured to alert a
user when a predetermined pressure is exceeded within the interior of the finer,

16
191, The systern of clarm 181 wherein the controlier is further programmed to

iransmit a signal on a regular basis to the system.

192, The system of claim 181 further comprising a relief valve o conuvaunication
15 with the nterior of the liner, whevein the relief valve is configured to open if a

predetermined pressure is exceeded,

193, The systern of claim 181 Auther comprising at least one delivery lumen

shdingly positioned through or along the infusion lumen, wherein translation of the

b

[

delivery tumen relative to the infusion himen controls a number of unobstructed openings

along the infusion lumen.

194, The systern of claim 181 wherein the controlier 1s further programmed to

detect whether the pressure within the interior of the Huer deviates by 20 mmHg or more

25 overaperiod of 3 seconds to determine whether a leak 1s present within the biner.

195, The system of claim 181 wherein the controlier s further programmed to
mfuse the eryoabilative thuid or gas at a predetermined temporature or pressure of the
mierior of the hner.

36
196, The systern of claim 181 wherein the crycablative fluid or gas comprises

nitrous oxide ot argon.
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197. The system of claim 181 {further comprising a pump in fuid communication

with the liner interior.

198, A method of treating tissue, comprising;

positioning an elongate probe into a body Twmen to be treated;

expanding a Hner enclosing the probe into contact against the body lumen;

adjusting a position of a delivery lumen relative to an infusion lumen which is
positioned through or along the elongate probe such that one or more openings defined
along a length of the infusion lumen remain uncbstructed by the delivery tumen;

infusing a cryoablative thud or gas through the delivery lumen such that the fluid
passes indo the fofusion humen and mto contact agaimst an mterior of the hner; and,

monitoring one or more pressure sensors while the eryoablative thid or gasis

mnfused into the interior via the imfusion lumen.

199, The method of claim 198 wherein positioning comprises positioning the
clongate probe into a uterine cavity.

200. The method of claim 198 further coraprising stopping the infusion of the

cryoablative fluid or gas if the pressure exceeds a predetermined level
201, The method of claire 200 wherein stopping comprises pausing the mfusion if

the pressure within the hner exceeds 150 mmHg.

202, The method of claim 200 wherein stopping comprises actuating one or more

valves 1o stop the infusion of the eryoablative fluid or gas.

203. The method of clairmn 198 wherein monitoring cornprises sensing the

Pressure via One OF more pressure sensors posifioned along the clongaie probe.

204, The method of claim 198 firther comprising actuating an indicator or alarm

when a predetermined pressure is exceeded within the interior.

205. The method of claim [98 further comprising actuating a relief valve when a
predetermined pressure is exceeded within the interior.

~
9 7
i



WO 2014/189601 PCT/US2014/023545

206. The method of claim 198 further comprising determining whether the
pressure within the taterior deviates by 20 mmiHg or more over @ period of 3 seconds to

determine whether a leak is present within the hiner.

207. The method of claim 198 wherein infusing a cryoablative {luid or gas

comprises infusing at a predetermined temperature or pressure of the interior of the liner.

208, The method of claim 198 further comprising monitoring a flow rate of the

10 cryoablative fluid or gas infused into the inferior.

208. The method of claim [98 further comprising Hmiting a {low rate through a

delivery line in {uid conunmunication with the delivery fumen.

15 304y The method of claim 198 fiwther comprising controliing a back pressure of

the crycablative fluid or gas exhausted from the tnterior.

301, The method of claim 198 further coraprising heating or cooling a

temperatare of the cyroablative fhod or gas prior to mfusmg the fluid or gas through the

b

[

delivery fumen.



PCT/US2014/023545

WO 2014/189601

174

i

Vg

Ry,

e,

ot

N ot %
e, i

Ol ianinad ot PO .

- L

e, e
o s
e st
e VYAt

i acan
o




WO 2014/189601

PCT/US2014/023545

2174

AR
e N,

e,

7

prrtrtriiit?

™
.

N

NN

e

e
" R

S RETIIEL

SR
=

et

ety ppver .

H
H -
2 i
Y 1
; i
7 :
%
7 %
7 %
5
£ “
i ;
; ;
7

Petermiras®

',
o

s,
Rttt




WO 2014/189601 PCT/US2014/023545

3/74

oAy
SRR
¥ 3

SN
SR

2

o

§

.‘:

iy

W

W

R}

R R

N Y3
o
NN
X6
RNR
Naaane

ety

T IETeY

3
¥
h
N
N
3
b

i g bt # T O nl,

%

_‘,,,,,.....,‘,,_
s s,
i s
g 4,
.,

& N
A $
= S §
. S8
S &
X 3 N
3 & " o
3 § =
e e 3 3
ks Y R
i W
3 :
{ NS
iy
}
X y
H N
X N
by
3 -
_\\ A
£y
B
A\
N




PCT/US2014/023545

WO 2014/189601

4/74

o

G,

e 2

44,

g 4 7
G s 7
£

3 \\\\\\\ .\
¢ Do 4, % und
%

Yt

. o
e br e e P E

At

s LN

‘
bRt
B eSS %ee

7 ees,

3
4
Y
4
%
Y
%

%
e

it

P

Grssssecss. '
S 7
Criren

Forrres,

BN 3
Dol on ek iy hed e e
ke 57 ; e 7
; 44 %
ol 5 e ire v wma oim e, e con i
2 2 o i B | TR S S

&

&

N S

TR

Lt s,
inrtaee,

H
., 7
ot T R A

oL ere s preie e oo RnT Ot
Cret e yaninnin e ad

e

N
=)

Ninannannasnaateaniannannaanas e

%,

o adP7
rori st T
ane ettt
wred;

3

rn, v
%
g5

T
b vt

H
2 e
3 IO gt £
st Lt
el
i e
» et
e |
o %
y
%
3
$
’
oy
L
G ¥




PCT/US2014/023545

WO 2014/189601
5/74

RN,
i

S

N

Y
{
\
N
R
Y
kN

EERCNNR

e e,
et rn,,

X
3
N
n
N
i
8
i
4
-
i s :
2] B N
Y §
13
S\
i
N
A% —
P - =~ .
: §.$ A N
S
ad N
\ R Y
> Y E
X £y
3 X
Y
N Y
\ Y
¥ N
¥ X
{ b
: 1
SN, 3 X
RN K § 1
preseeoues S § 3
N v
\ & B
o -
N T
RS

NS

///z/(;
%7
LALASSS
Vs
7
y
7
7
o,



PCT/US2014/023545
8/74

WO 2014/189601

7

&

r B N
3 s o WS 8 T
P s o At S z
Yodf il AL YY %t

o 2

%,
., %,
Chrp gt 07 e, s,
%, 3
Lerwreecsn, % :
' "~ = “ 4
g Sy, % 4 2
O A ”
% 2
H ; ,
7 % ; ,
7 / : /
z A i 3
] H ke 3
H £ 7 2
: H 1 z
7 2 s
[ 7 7 £
A 4 7 2
s / 4
- % 7
s, BN %) 4
Coptsracpr gl 9L A
e et i SR % 3
/ v Wu\\.u\ hrrcorrirnsredit? s iiiaisrr L
3 : LG
7 7
E A y £ Z ;
* k4 o 2, g 7
be 3 % %
7 %
., 77
%
%
%
%
%
%
%
: %
: 5
, ? %
e, : %
e, s, poh
oo % 7 P
2 % Z
4 2
7
e, ]
i, %
5 e, s 7 P ot
s, eepes, s 53T, 4T ort
o » iy, o PP ti trg] ! e
o, .\.\\ vy, et i o “\\\ s
% ; n, b2 o
i3 e 7z 4 o \\ 7% 7
y B H Y5 7 7t 7
7z e . s ¥
i 7 ] %5 H
A 7% iz 7 7 ]
SRR TSR] 7 i %7 %
e Vdtvea ) 7 % s %
%, 4 (s % Gk %
% % %, Y “ 4
: 3 2 : vl 5
¥ %, I3 % " 4
4 , 3 % 7 %
“ * ) k13 ",
b1 H i ",
. s 33
/ 41k
7

peerr? i
cviiierd

Goigereseris \\
1, %
% Y e r

7
. et
% ereereeect

; 3

% %

% :
7 4

4 ;

% 4

4 )

% %

%, E
2 %,
sy e,
rp, N e re,
rtire it 2 ire, s
bt trp gttt



PCT/US2014/023545

7174

WO 2014/189601

™
g

T,
ot

\;‘:“IA“

Rt

&

7

e g, gy PR

w5y 4. 54

(1 Y
S 7

e, 3
ey

e, “resasiosrrrrs
"y,

P2

oo,
Yo,

7
I

7
Ve

=

7
7
“
v
%

sead
ey

Y rar, .
Pt r s regecoorr st EE



PCT/US2014/023545

8/74

WO 2014/189601

Lo A, L 5 7y
Z R A % i
iy 4 )
Brsit s% Yesni Govrads W ik

e,
",

7
77

o
RN

E? e : 7 5 \ :
G rtscenrneennraresrit’ A G interssosseoseseccrsnei® S
s tespor et e \\\. -4 rttrney i rreseonessrst g
e, . .
7 o i A

> By
Lt errresigorssitt? T

%

4,
%

7
v

s

¥
ol
T
FRRIRAY
R



WO 2014/189601

<

o

P
7

s st

L

PRUIRRSER I
-~ SN
RS
s

s

8/74

‘\\‘.\\\\-\\ N,

s,

=3

SRS i g
v o
ISR
SN N

s .
\\‘\\\\“x\“\.N@\""

RNy
S CPRRERS RN

$:\\“s Q\\\\X
§ Y $ \ AN
¥ e o

PCT/US2014/023545




PCT/US2014/023545

10/74

WO 2014/189601

risie
el

o BRI
s
i
A

Ay

“,

N
AN
o
\“‘
o

%
4
%
%
;
%,

7
¥
: Es
B %
4 % s
4 4 P
i o % % 7
“ 5 : e, Y K2
¥ PR ‘
3 TN .\\\ 3 2 greee
A E AR A A S, % “ % 4 et z 7 %
[ i BRI P s, ;7
.. A, “ 7 Z
Gt / ;, i % e
G 4 PN )
A 3 ‘ e,
: z 4 75
/ A 7%
H
7 7 7 % K
#ny 7 7 p s,
%, 7 1 % 5
pee. 7 ] : 7z
# % vy,
%
% %
erret it % 3
e , 1 %
H %
7 %
%
%
o %
o k.
e s s %
%




WO 2014/189601

1

PO nry,
o ter,,
s e

RS
o
S
X
o
N
&
5

st

174

A,
N,
s

T TIIIVES 2
st

JRCR—
_\“Nm\\\\_ N

N
RS
N »
& H
3 Y
. A 3
RE o :
N Rae R
o™
&
z
bS

I I
d \\\v\\\-v’\

o
=
d o~
§ %
i §
i §
N }
N 3
} ! N
H 3 SN e
X NS
N
by
I

%

Y ‘
fe i ot
DR iy
oo ¥R

PCT/US2014/023545




WO 2014/189601 PCT/US2014/023545

12/74

JRRCTINT Ve
e \\\\\\\

s,

e

e T
SN

A

7

"

o,

~,

i,
i,

o,

SR

NN
e

i ennrrey
i 2
o

)

ey

s,

. ,//'/
o

it ti i sirni T

cowits

X §
T4
R

A TR D s
e N

G
el
i e,

L -,w\\\\
RO

e,
e,

e g

& S
K R
i 3 \
3 by
N % NN ~
H N ™

¥ Y PN aaavereia

N

Y

2,
%,
z
Gt
4

]
Z
b7
it

z

\“\‘
RS

N
3

ey
H
AAAALAS



PCT/US2014/023545

13/74

WO 2014/189601

T P
% P
2% .7 7
p
i % nds,

s
a

Tianiin
SN
o

Meitiat,

may,

o

e

B
st

OSSN B
5 -
x

e, e
L

b, b ” B Cinngne s
e o snasaes i
e vaeetry T R

s
£
7
7

H

™
sl

oot




WO 2014/189601

PCT/US2014/023545

14/74

e g v g, 5 g
2% Gy 5% g %
el GG o LG
Yk HH % \“ 3
ke 7 G ot

FF

re
b
Fihr
:
%

%

%

¢

;

K

o

Pyl
R

S

Sovdonet T N,

ik
A i

3,
ant o~
e

s

R

e,



PCT/US2014/023545

15/74

WO 2014/189601

3
RO

7
%,
“

R S

3§

N
~:

PR L,

-

5

i

¥

s

7

Gkt

P& e

Gt

X
K 7
4 1
Y 4
% v
7 H
H H

R
\\*‘\\\»
ot

N
S

anasaxy

RS

NN

ES
3
<

N

™
Y

N

S

B
\
SR

3
3

RN

*,

AN

3
N

%,

¥

A

S

N
AR
RS
ey

TR

S

o

3
<
Rrves
3

N
ST
St 2

G e

Qe

7, G
. \\ s %
oy \‘.\.o\ i, \«
Yoty Gy
\&nnunu.\\\

7

s O

irarnenit i
[Was

RN 2t

£




PCT/US2014/023545

18/74

WO 2014/189601

SORRERE

e ssets,

\.\.\ SIrea,

AR S
% 7 A \\\..\m\\.a .
P : 7 ’
% il 7 s, 2
Do aissi, 2 5 o z
i, i 5 %
iy, Cegcct’ Yoy, Yiege 74
? Y Gzt 7
% Fieges, " s Disgraraei
“%,, asiass

s B
g
i

Tt ter s 77

C N

§
S

B
et



WO 2014/189601 PCT/US2014/023545

17/74

‘;\\'* \\‘\\\\_
o R
Sy d Ao
TGS R ™ RN
3 N $ AR
i : §
3 ¥
For §
g § 3
b3 9 ¥ AN > h
¥ 3 3 b T Y b3
; S 8 e TR R
N Payniegs k}g\ \Q\\“\‘&'{i N
N e % \\gx;‘\\\\i\\wi‘ ey N
IS b X R R 2y A
y by AR A FEY
3 by X \\\v‘ b3 R NN
S _ b SN o)
o A 3 kY $ i
3 R N Soclows:
> By X Ao 3
X B b3
e X
oy ey 3
3 b S
Mot v
™ W N
> 1 &
3 § S
1 -
ALY g Wi Y
& = \
- by
e i
RO o
WA
3 i
i 1
& 1
i I $ :
i MRS $ §
NS . §I g {
3 e N PERY & N
X 3 § RERY 3 §a
P I O S
. 3 i S 3 & R X .
~ad R SR O ¢ ¢ N &N
& B S Nt
& o by X & R NN
& » o by ol £3 o
N N N § N S%
§ i N ; { R
§ 1 N N B Nt
& 3 ¥ N § o
B N N 3 N T
TR T s K 3
N ATRRRRRNRNN R S SRS et N
b N e 3 R TS A e N ,.
H §F s & X : &N
h $%3 3 ¥
8 b ¥y
3 Nonas® N §F
3 RN \ ol
COSANSN 3 3
< f\\ 3 LR
N i SN
Ralnse Y N
W A
B

4G e
74



PCT/US2014/023545

WO 2014/189601

18/74

.
AN
e

g
$

e,
%,

SN

NN
o > NN
SR R T

AW
sl
AR,
A A A A A,
BRI
TRRREESER,

FRTRERNVRERL -
S DaNeTteL e

A




WO 2014/189601 PCT/US2014/023545

18/74

NN
o
)

i

oy
. Y
Nt § EESCON
STy iy
§ o3¢ R
o & 33 Tl
A 3 N IR 3
et R} 3
) & i1
33
13
N
N
Sy
T\ 8 Y
TN L M Rt
3 § X % SRR 3
$ 3 ¥ X N 3
N\ & § S
e N b
3 d X
N d
3 R \
b § . \
N $ N X
be s 3 \_\'\.\'\\ Y
N RS $ g N X
N . 3 « > H
N & 3 3 & 3
\ '9\3 H S i
H R i <
3 H
< i
\\ & \\‘\\ 3
X $
¥y i
Bed 3
OO \\
R Y
\\ X . X vy X
RS s Lo % 3
%
3
H
3 §
ol 3
3
N
&
3§
H
{
%
3
N
R
{ Nl
\\ e
X
X
3
3
X
b3
b
B
3
AN
\\\\\\
\\\\&\
A
.
R RS
N S N
o :
PR §
- 3
e H
o H
N
N
i
N
s N
PN i N
3 RS S y
N Sivsaaad
SRER—




WO 2014/189601

174

212

PCT/US2014/023545

20/74

9

~213

271
219 _
S E 217
S e 213
215
G, 210



WO 2014/189601 PCT/US2014/023545

21/74

237 238 21

239 212
2 m\ \

FIG. 21k




WO 2014/189601 PCT/US2014/023545

22/74

237 238 211

FiG. 21F




WO 2014/189601 PCT/US2014/023545

23/74

FIG. 216




WO 2014/189601

24/74

ST
R
N
N
4 d
N N
¥ :
¥ §
§
B o
E: PRy e
3 N XA 3 N 0"0\
& 3 R % BRSNS A 3 v e
Hosndfninanine i ived CITTE o s e
$ i E IS R ¥ 33
N ] RN
& EAREAEERa: S td L
3
3
3
3
b
X
Y
b
N
N
N
§ B3 P
& by 3 3 1
B N VRVRRRVV: S R S SCCCC R
2 N Wenaad 3 o
by 3 N
Toisnd <
M,
“:

A
R

very

st

PCT/US2014/023545

g -

e,
kb bttt s perisensaiiasirer st 0T

e
T
¥R
N
>
§
§
P S
§ ¥
vy, 4
¥y vooL
Yo Lod
3 L &R
i o by
3}
Y
N
N
\
A
}<
H
H X,
i S
i 3
N !
§ Y D 3
§ S N
§ R YT S
] Tocsssmmmmanisinanianand

S
T

Yr?
7

7,

N
AR Roa®



WO 2014/189601

ponseny,

iy 0
AR

PCT/US2014/023545

25/74

R
Naae®
AN

NS
NS
Sl

§
L

s

v\“\“;\-\;

SN SN

My W™
ot e
o RER)
BEH
A4

1
7

ARRRRRN

¥
33 :
RN i Nnnane

S
N

XY
N

e

N

QA

%
T
Q\\*\\\
SN
N
&y
W
AN




WO 2014/189601 PCT/US2014/023545

26/74

N >

Sy
NN 1
W .

SV oy §
s S8

§ 3
XA R e ™



WO 2014/189601

PRsS

%

& NN
& . Y
& RS “\\\\;.Q
3
CR \ A T
IR N SR
§ 08 9
NS X
Tad d hR
§T§F X
yoiv oS 3
¥OrEeEd Y
R i
P iE g y
Py i
Y3y RN oy
YA W &3
YUY a
LTIV
EOARBREY
S 1A
YAk
kY \ X
A
X,

27174

Sy

3
3,
IR N
KA o
RS 3 N,
N,

g

R

g N

R I
VY Yo T s
T )
\'tl\*§\\“\\\"\\\v 3
o
0
%N
XA
PR
a X N
3 VoA
& PR
% Y
& 13
i
R 33
p3 ¥ i
W § 3
W &
S &3
N, \\ § 7
\ ¢
e
\'\N“\»\“\-w"
-~
i A
VIR
NI |
Rt S,
e 3 Sk,
o sl
USRS Ny
o T el
¥
sy
=
g
N
.
A

N, X
o &
— ,\\M\\\N?\ NS
B

iy

¥

3

L

o

i, it
Y

Jimaans N

G
i
i o

s

PCT/US2014/023545

$
N

NG
Nodown:




WO 2014/189601

s

\,

arians
N
faseiivi

]

e
N.\\\“\Q\\_

PIRIRONY
R

v
Y1
Tl

™ R
RSt
N
o
W
O s
Rt
Y

AR
- by

& 3
e

A
sy

s
e

P sy <
o 3 e
AR SN AN
e R
& 3 Y
e Y
ey SR
o s
s

R
oo

g

PR

. o
Mriandannn

28/74

RS
o R
&

&

$

N SR,
N o i

~

N

SRRANA,

ST A
T RS
0

i S

Y
g

IR R

T e

R e
Ry 5
S N
o T N

y
i N

e

JETCEE
s

S
H
o \3\

o

oy
R

W

2,

e
o

o
Naaaaast

S
£
RAaand
R

™
\\\\\

N

Y

BN

NN
N
R

A e

AW
o
P

N

A

PCT/US2014/023545

s,
7

sttt b taiihs
3

rrrrrsssrrrrreets

z

A

%

1%
Prsoi st

PR

7
H
d
Z

Lresssnsseres

‘.\\“‘_\“\)\\\\\:

Fiaaaaans

S

RO
o N

R
N

v 7

,

&
S

o g
0

[

A
N

AR
N
S




WO 2014/189601 PCT/US2014/023545

289/74

N IS

oy
“
{
t
™
£
P
§
\3
3
H
N
e
\\;\
NN
A i E Y
N o .
o A, ¥ §
{ X N et o
{ ~ -
3 H SNL S
o i DeN L3
fed
R
G

REN e -
$ N &
: . %
§ & o 3
] N g B .
3 & o S
H e SR RS
3 N SRR $
3 R i3 RS
3 N R RO
A Ly
33
Nl
\5
e
o N o
S -
= = N o
N R SERRRERS N
RN AR TSt
o P N o - NN
o
&
Ay
« %
S N 13
N R
=
Towoinn,,
N
N
e
g
Nt A
N
3
Taessavng,
5y
. 23
&™) i
& b
N 3
S
T
e
ShE Rt «

~,

¥
Dy R
A § %
AN N
$3 Tl
N
.
Nanaiane
N
et
s
L.
i
N
iy e
et [PRESESN bW - RN
\‘\\Q o N _\.\\3 s o N
N2 %

N

n o 2 -
Namagaen o -
s N anan At



WO 2014/189601 PCT/US2014/023545

30/74

SRRy s

o

ol
Y,

%,
%
e
%
Yyiriaisor

e
DN e
AR
o™

A

i

s

SN

N & i
o PTG
3 ¥ RO 3
N, § § } 8
™ § N i by e
C o ¥ § i
X N N A 3
H DWiimma Y
>, & H pRe o} H
N e oy 3
R [N 3 )
N Y N 3 i
T N RO i
3 3 x N e S i
! 3 N 3 o 0y
Y 3 & A
\ N L e TN
NS 3 Nt § S N
1S & Y by
1 R ¥ & %A
RN £3 { Y3
& NN 38 1 R 3y 3
) b NN N NS R
§ ¥ X 3 & 3
i 3 Y3 3, & F
i k § 8 5 SF
kN i & F fN S
& F EANENMEPNEL,
o N =
o SN
TN
2§
'y
¥ s
O A
¥ R
ST
N N Y
B
b N
N
H
N
3
3
]
3
§
3 ™
R
R <
T ho

R

H

(S aggbesessesarsiSressetiiy,

Pd
A
S Y

rgrrr”

g

{

§

i ¥
i o
b

N

4

77

o

\\\\\:\"\\\\\\\\“.“{'



WO 2014/189601 PCT/US2014/023545

31774

S 3
\ A RRCSANERELE
A
YN
2 b3 ! “
}\ s R
N3 3 R
™G ¥ .
TN R
N ’ &3
3 N 3
O 3 ~
\\_ . §
R Lty X
. 3 X
§\ ;S 3 N
Mo Rl
&
ey it
NSO S
3 TR
A 0y 9 P
s R Bl
o ? TN
o Gaed TN
- oo N
RN RN 1
e Ny 3
& T T sy 3
L % ¥
& g i
Y8 N
R Y
R .
1A Y3
3 S
X b -~
RS S
e
R
1]
N 3
A Nt
3
bl
MR 3
gt ;
RSN .
RRTY 3 ¥y
; Y3
X E
S UEEREX TR
RN
e 3
N .‘-\\\\\\
RN NRRAY N
$
bt
e
S
R A
$
W Ko,
&
&
N S
ol
Dy
et
W IR
oY e
N R
N S .
[N R S
O SR JEEL
R § ¥ Y
3 T Sl %
< TOA N SO 3
R L SRS S o
S 3 $OEss
Y% XN g
\' S \ & w_$
s 3 o o~
B
AR kg W
$%
RN H
NN 3
SR A
H k
Nox, o L ki
N e e
A & X 3
3




WO 2014/189601 PCT/US2014/023545

32/74

R N
« NS S S
{ Y
o Wi
e -~ Y » o
T [y
o gl
YRS 33
s ax
R B N
e TNt o,
FR A FOCTUCOC S SRS ;‘Le PR TR Y .
foiyl ™ o H
N =N RS 3
aSRaead Avaiias H
H
H
1
5} e § g\
PEORRR
N { \
N H N
e i ¥
& 3 H
N 3 3
Rt 3 E
&3 : i L Bt Nt
pRE = b2 SRS 3. %
83 gl N i ol
™™ \‘“\\ \:\\\.\\;‘ Ny \‘\\\\\
B % & S L
= RS O3 L3 \\\\\
S SNy
3 Y
e R
-
& B
SRR
X
N
§ SRR SOOI
S .. 3
NS e NEY "
R St N Rt
g B
& N
{3
sy sy vy
~ FIERRE N S 1
s Y RN i
3 FE N 3
W R H
Y F 3
o RSN i i
H b %
- N 3 &
e o 3 3 3
N ety i 1. { ek
3 y i W N
R 3 . W 423
1 seaapng N Y
1T g
X ToEed N O
N R N
e ~ b :
:‘ . HM Rainaod *Heaansan 3
FRT T e RS
X T3y e
in o o
R A {
N
i o 3 .
3\,. S
iey i
NG A 4
oy a i &
LAY A&y RSN N
v R = R TE




PCT/US2014/023545

33/74

WO 2014/189601

g G
7. %% %
Sy
Yrkl % s

A

B e

%
“,
2 P .
} psees’ ;
4
H
; ;
7
P Foramamnesiin e,
3 %,
; \ ks
rbetociceceipiginaiiiigaceiiiiiiiits
1 %

rd
loressssssopasessgsocoooaseessd

i
4
ocgec /
.\
¥
4 /
%
% £
R TIITEEIRSY S
S e e e,
o F %
% L oo,
5 V0sess REN
2 Froveed P H % Yrrordh
H : [ Z
H i H 7z
7 z # 7 5
7 Gwrrrarnriprs, sl 3
b Frnnsnssessisasasiesosassssdtnsnd, 7
lcceeesseseoceeesresisaniiosssiioss,
\\\ % 4

B

i gl 2 s s .
voserrrrscossisseseecrst NN % 7 A A
) 7 ", % "
s Vi % 5 %
Y H % % 3
% Y e
A 4 % ¥
Y 2 3 3
2 4 7 ¥
3 H 4 2z
7 Govrrceriiooosiresecooes:
5 ] 4 2
P4 % 7
PO S5y 7 P Ve BRI
e i 4 7 o
oSSR SRR S SO PIPII IS S b O e \o«\\‘\mx\\\tt\\\\t\.\::::v:.::..\.\\ N
& & &k .\\n\\\\\\\\\\\\\\\V\\\\\\\\\\\\\\\\\\\\

R

N
NN

N

N

N SNRY

XY
BN
o
N

arrssassassassisossssossostsy

B ress0sssssiassosessss

N
3

BRI

Fanananaahs




WO 2014/189601

e ‘\
R
3 o
ol B
3 N
N
A I

Z
K]
7
1

ey

i
7
grodorrey

7

JEeTeE

N

AN
YA
Yy
33
AR

R

34

174

%

$

N

N,
B

&
AN
&8
Y
¥
N
R

ARSI LRS00 0000000

4

;

",

o

H

S T,

AR,
o ~

=

z,

Wi

N

Ay

FRUCRENS
-~ -

%
\\‘\\s\\\-""\l‘

JEVCEUSN R

>

i
ranrnrrssrs s ssss oS hssss

N

AN
e
R

PR e

TN ey

AR,
. e

NN

RN
o Wy

- o
s o
o

e

b
N
3
3
X
1
N
3
3
By
3
N
3
3
S
3
3
Y
by
N
e
3
e
3
3

=

ANV

N e
o N

2 %
A

AL

R
AR

(RN

3
S,

AR

IS
S
3§ S

R
_\.w“““w\\\
st

RSV ]
3
< S
R Smaasen o Y
2 S
e NES N
Namana it N
N
3
3
b
N
o N
SN N
N
X3 3
o 3
§
N
&
&
B

SRR
i N
2
>

N S

JERERINSEN

RN

Ny

A

PCT/US2014/023545

.
NI ) N
BORIEE A ALS
SN ]
] ;

Y
33
Ao

o

ey




PCT/US2014/023545

WO 2014/189601

35/74

e
%

l.\\\,x\\.\t o, \\\

R RN

RN

ety & SN
K3 ¥ ST
R e d S
NG Nl N
N % {
Y
Y p
3 .
X X

N

5 o
QA



WO 2014/189601 PCT/US2014/023545

36/74

RN
3
RASNRS

%
A
=z

Sy,
LHs

ey

Yl Fugdl Gt

ey
A

Ly
R
Noadne



WO 2014/189601 PCT/US2014/023545

3774

\ *

AN
e S
e Ry

3 o
X ™ AR A
e Rt RS
PR SR M N
;‘\ & \\ RO N \ \.\\\\\\
&3 S S N
$.8 XX & & Sl
>
&3 Y b
N PR s hY
§3d [ § A
§ o3 H § \
3§ R § 3
HE § 3 i i
¥l S S i
N N 3 3
Y3 {3 s 3
1 ¥ od 3
A H KA S
) N §
LR o8 &
1A § ¢ o
A § 3 \
R & F X &
RN &E NN
N N PR
Nor, Ny R, o
S AN AR o
~ o M- R
Nvanana=s
< .
S N
H
N N
i i
N A\ s
i 3 1 $
b 3 ¢
. N R ¥
Al p =% 3 ¥
RN X Sk g
p 3
{ R
5 3 i 3 % 3
N 3 i H % N
& 1 N 3 £y ¥
& 3 3 3 X3
i ¥ ¥ 13
PR - N \\ 3
3
Y3
B
33
3
R X
Y3
LN
R 2 T
N AR i3 o
S SR
. 3
AT, Y N
3 N
H NNNARN
3 N
ssneny < < 3 § §\
s X Y s N
3 3 R} N
H 3 H N
R 3 kS 3
N 3 hS 3
Ry i 3 S 3
3 3 N
3
: — R R o Y i
\“\«“\\\\\ \..\““}‘\\\. &\\ & “\“\“\:\\\- {\\\ H
- ) i
¥
5 . ¥
b i 3
¥ 3 \ §
N & 3 N B
R 3 ¥
3 Sy
& o

S




WO 2014/189601

e

oorieriitd
o,
v

i
s

Pt e
Pt e
B

¥

v

S
e

-

e
s
Htts

Soso Pt

S

$55554

38/74

§
RS
o
st
ey
S o
Sy N
o] \- .
& X 3
Ry R
[ X
L \
% X Ry
i y
% 3 N

R—-—

PCT/US2014/023545

¥
%
RN

" 3
> R
. ) caanarere raaa, 3 rEEt UL 3
1 Ry S R \\\\\\\\\\'\\\\s\\\s Y3
= AR NS
N N N AENLY A nY 11
i IEITEE Y & R S SRR 3
i ; WG LAEEREEEEY QA 3
1 ¥ WY VIVERRLEE Y MY by
¥ PN i IvAR NN Y b
] H R : 11 : X
: L JLIRIAY & SNIEAINE Y i
20 Ataatacivavataastivad ¥ X
RS = = AR RRRARY - ¥ o
2 8 : SNTERR Ly p
TR R H
TR o
N
4

ey
pored
N
R
DN
:
Sa
S
SR
¢ 5 ;@
& & N N S
R — $ & <
S S Sy X
S B 3 e
S A 08 § SN
o Sanaaninananieasiniaaasannad
GF FT et
3 SN 3 E
3 R &
s EENE W
P I ¥
PSS PN
PESEY YW
RER 3
R L
PR X
R \
3
N \ 3 3
B N > o N
A ) §
R ———_—— s e ¥
SR RS TS XN RN R SR RVE R AAR N ENRE RNV SRR R VR A ANRIRAS
S
-\\“-
R
e

»
R
N
PN



PCT/US2014/023545

WO 2014/189601
74

39/

3% P
ot AR
ananaaans g S SNAN G F
e RN ™,
b &
by g
& X ¥
= i b
2 s & RSRRRERTE - B i aa
SR
o = o
&
ROy “‘s‘

asirsa

“bopepit

R KNSR

A

JRNN

et

e
]
e

B
RIS

o
e o
RN o
o
Py
g o -
SO a Wl
N S &
D AT ey TR R
33 AR
N Nt T At N



WO 2014/189601 PCT/US2014/023545

40/74

)
sy
rd

/

//“:

s

%, .
PeAr i gsraerreserre it

S
3 &“\\‘
g
e
N
-
N
FI
Lo
N
NN
....... Y%
3
k ENSNSREN
i )
N N
3
DNy
R
- N st ‘-.-‘““\“ ik -~



WO 2014/189601 PCT/US2014/023545

41/74

s .
T o
0 FRRENDEN

RO

p <
- by &
< \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\'Q\\§ \‘\\\ 3
o PRI R
i N S S § 3 Y\\\
Voo XY § R ———————— N
P e et N
. \ x \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ks\\s\\\ss\\sss\\}
N RSN <
S¥ny ity g i N
N EE TR AR § ™Y
<N 2 AL LA LA AN LA A AL A LA LA LA A TR A A A A A AN, Y 3
N o SRS P A T AR X DR
R RSN O R RARRARARRRRRRN ¥ g
N W Rty - 3 i & AN
* iy ¥ % :
T i
% SOSIIIINAAARNALIANARY o
Ny
3

&

\\\\\<\\\~—\\
e

-

3
&
N
S o
b
X N
3 3
X 3
3 N
3 3
by 3
N 3
N 5
3 X
3 3
3
by
3
3
3
3
3
§
oot
R
N




PCT/US2014/023545

WO 2014/189601

42174

S,

s
Ry

R

o

N

TN
AR

N

o s
AN

~

Nay

X

T TSN

>
R AN Y
RN

)
2

7

%,
"
s,

% A
T el A

S

2

i rrrrs

RRSER)

I,
e

Y oo
SO

“\.
A

errrererarey,

<o

e
eecert”

e

g, F
5 s N
P A - - e, ”
BGGLBS e, il
%

VA ASA A e etire,
%, roeriirssarassires, IR
W ., 7%

Ve +

o

4

"

e

R RN

R

S

e,

o

Pros,

Kaad
;

rs

£ <

R

; AN s 5 Do Sy 3 i

erpiyeslyectyesbnidgesenseiWseroeri Bgorns G
Z 2 7

7

: ,\‘.\\\‘.‘.w\\\mh.\.\\,\\\\\\\\.\\o. \\\\\\\\\\\\\\\\\\.VN\\&\\“\\‘\\\“\\\\\\\\\\\\\\\\\\\\\\\\\\\\M\\\\\\\\\\\\\

o Y
o AR i,
st

IS L I

4
e e S b a s sy

7




WO 2014/189601 PCT/US2014/023545

43/74




PCT/US2014/023545

44474

O O s 2r AT 1 )

5

>

WO 2014/189601

174

31




WO 2014/189601 PCT/US2014/023545

45/74

FIG. 50C



WO 2014/189601 PCT/US2014/023545

48/74

385 i 212

FiG. 51A

FIG. 518



WO 2014/189601

397~ &»399
ANEC

47174

40T~ B 403

L

415

¥
40017 N\ iwm
413#‘”{ {f““’ e d 17

X

%

419

407"

FIG. 52A

PCT/US2014/023545

39?\#399
MR C
09~ g 403

L4

A 2

~4 41

~
7\

e

T A

I

L

b
B

FiG. 52B



WO 2014/189601

Lo
[an]
o

PCT/US2014/023545

48/74

447

42\57,’?42'9 401 397 385
$o "j N 388
- 5%
D
a7 431 2:?33
FlG. 53A
425 429 385

447

L

A

T /:( . N 389
N




WO 2014/189601 PCT/US2014/023545

48/74

W1

R

4358~

FIG. 54B

FIG. 54C



WO 2014/189601 PCT/US2014/023545

50/74
178 443 441 441
N A N A 4N
& S00000G6

S8 QBLO0BLGGOO &ﬂSéé&&é&&f&&éﬁE]
PRLAUBRELRVPIIAI VRLIVVIAIL L2222 88%

G, 55A

443 441 443

N
== =] LI I]ﬂ][][@,[]

449 449

FiG. 558

FIG. 55C



WO 2014/189601 PCT/US2014/023545

51/74
212\
485 4867
b L
461 s 483
s
{ / ol
=
s
FIG. 56A
465\
475 469 471 473 461

L) S ]

3

]
o
-

M

-~
s
~

FIG. 568



WO 2014/189601 PCT/US2014/023545

5274

475 T 469 471 473 461

¢ I

| EA AR A A S AL A i A A WA A A A A A A A A A A A AW

S N N '

FIG. 56C



WO 2014/189601 PCT/US2014/023545

53/74

FiG. 57

T e 32




WO 2014/189601 PCT/US2014/023545

54/74

FIG. 59A
211 !
o
463 e
212 467 g N
D2 A )
219
A% pieg) 221 {§
47 4=t o
.

FIG. 598



WO 2014/189601 PCT/US2014/023545

55/74




PCT/US2014/023545

WO 2014/189601

56/74

g %
&4 %
: A
ey prtin,,
Groes ecennfy,
oo 4
e
” :
3
A%
Ty R
A% 5
R Y
: 1 \\\\\s:\\{:\.\
i "
%
P T 2
3% 3
R LTI T r SV PP PP by [ 7
z % % [ 7 : ¥
S Govececersecveseciececeereissrert i
Pl : 4
S Drnsssersrsososecereresesesceoocececeisins %
77 5 PRI E ISR L E 0100, 7
T 4 % 3 %
\n " Y i rrersnisinsassssnsssarissiist H
;7 s £ %
7 sieenanareair?l Z 4
;o z i iigrieoret i Lehrrs
AT it
iz it et A L
7 S ' 4 4 £g
77 ¢
ﬂ
e
A
%
g p
5 %
o % et
i vneny s
) H
e, % :
: 4
:
% H e
) ‘o . %
R e, % g
%y 13
%5 4,
T 7
v % '3 g
% 7 7
5% Z '3 Vel
4% ; / porest,
i3 i ¢ :
it ; 7 w0
A 7 7 4 H “Crrt
S ; %
it H ?
K 3
\\“ Lovesrasnnn i n s i B R I N R R I s ) 7 9,
1 7 7 %%
t7 : Yo
;4 % Z o
g ez
;g ; $ .
' rerers e Y, ’ 7z
iz it O riir P trprrsrrerisereisopeon? %%
1 ot e v p e Y, \\\\\
s L e kbt 4 ot ., Sy *
77 o A
i FAVA Sy
7 7 &
ra
A
3
£

et




PCT/US2014/023545

WO 2014/189601

57774

i
g

N

N
3

e L A

e

%
%
K3
2

3
H
%
¥
]
i
H
H
:
3
o
H
;.
A \“
¥
7
e
7
b
7
b
4
;/
’4
4
Hoosss
o
s
5 S,
5 5%
B 7o
P Fteas
R :
; ey, P
g i -
v sy, 4 H
Srny % :
OIS e )
“rsi, e et
i

vy, 7
DR

e

B R T R T

% 7

R

v z

5

R e e e e e b

5,

R
A rrpresss
7 .

T

e,

;.
P

Nk

7
1
R 7
LAY 7
o H
PR /
A 7
A 7
i ¥
i 7 7
47 i
S 2
% H
S b3
P
SN
iz
‘
S
S
I
Jog
P
7z
[
§
L7

o i

iSRRI IO L s bbb 0
e

s AR g p
g 2

s

P

P Trensarsis?

E \\\w\\\\\.“\.....:\\\\\.t\\\\\\.\.

7

P

4,

%

z 2

-\..m .\l.nni..-...\\.

4 %
Db i e phie R e
7

H

H

i

AN




PCT/US2014/023545

WO 2014/189601

58/74

. \NN

Zonsi
b

P

P

TR

N
&

P

e

s
7 7

BPIIR el

\4\“\

s <%
s,

u B g G G Gy R e

7
H
4
4
B O R

e B R e B R e pi i b S B 4 e e R g e A S e Wy i i

%
’
E
3
?
¢
?
5

7
F

%

z
Z %
Grrzess



WO 2014/189601 PCT/US2014/023545

58/74

RN
X
O

B . \\\g..-' \\}\

g L Py P s

JNREEERRSN

S aanidaanye

Py o sy Ny Ty g g A o g O gt g e

L
3
3
3
o 3 0
N 3 < WY
) Y S
X $¥3
R R
o £1 N
. K DOV
P
i3
N Ao

g e g g p g P i i P g P P e

T

ey

P

i
o B

S A S
¥ A

NN

o

AR R g

7

e

S

o Ty Pt P A

AR RN A

RN

e



PCT/US2014/023545
60/74

WO 2014/189601

o,
%

N

o
N
N
X,

AN

TR

Y
3
$
&
s

3

Pt
e berpr s,

SR

!

ety
Sttty
rteiny,

et

L% wan
>

o

Pt tan G5

2

] . .
? 23 o 7
7 : 5%
v\“ 2 oty 27
P ¥ 2
i 7
2 5
7
% 2 Y
, 24
bni
APt % % e
P v % I
W Y : bh
3 5 .
P % o %
A,
R
s
“
2
: y s
R 1 \\ 7 w
s i % ..
; &m\w\ Fangf
’ %
i oty 7
% .. e ¥
2 a5 erhose
%7 &
“ prp 00 s, % %
Yty s "oy, 5 %
2dsipssnri % % . .
7 7 2 irrien iAo

Z
rs "



PCT/US2014/023545

61/74

WO 2014/189601

PR COLCOI IO 10085 sy

. ey, 2
i
% H ppeersatorieiiiny,
", s 3
iren, 9
3 7
% iecsesccatisialy | F 1
) “tre,
A 3 ar A & Daiiro,
%5 55 e, Gorrrrt orssie,
m ““ i ot %, > S \\?‘\
2 1 5 “. 4 Y
ik , b . H 1
7 %, 7
s
%
4 3
% st
: »
3 Fore, 7
% Gy, %
2 o rem,
2 %,
5 . 4
% [ ey,
% prrr e«\\\\\.o
> 25 ,
% z 2
25 - Frtirr

_

B R AR RO SO

P

"o .
Fotres
i e
ot

enfectsrst



WO 2014/189601 PCT/US2014/023545

62/74

o :':_*“:: e At
Y =

N N

\\\“‘:\
A
s SR
SN, = Q\\\\\\
Dt peon) B
e v
The P
X :i\\\\:\
e < SN, x
&Y N s 5
3} k RN 3“ N
Y ; i 3
N P R
ARNENEN e s
N y
3oy N
.. : N 3%
T Sedowe - Naedoon

e

oy
T3 v

Y
3 N3

Y

e i

S UORRREELL

SRR S
NN 3 ““““ v N
R SRR IRRRES N




WO 2014/189601 PCT/US2014/023545

83/74

o 3
NER

N i Je®
N RS o H o
LRI 3 RN
% ; 3
S 3 i3
RSN
e
e
A3

P 21N

N

; SRS
< . X
i
. K
A, N
Sl §
S N
£ §
;¥ N
§
S
X
JUNERRACENE - T
e -t AR
e NN AR X
] Q\\\._
B y
- R ——_ N N
SRR SRR
STy NN
et S ———— Naad
NN e ERRVIRIIRE RIS o
1% W
Sadae - B RS
S v 3 B SRR
Nandt
X
S X >
}“\\ o IR OSSO PRRURRURRRRIRNS S s
5 R .
B PR TN "t e




WO 2014/189601 PCT/US2014/023545

64/74

ot
4
%

7
I

orer

oy
Y

3
!
{
i
i
i
i
i
i
i
i
i

Seopgrerey,
b4
H
H

=

e

{ i
N 3 =%
b iy
o Bt N
R
R
R
i
§
3 H
i H
W i i
e i H
N H
ey § i
A& = N %
S, 53 X
By
'\\\\\\\\“‘\“
& iy
TN R SR
N o
. -
Ay FaeeY
PN N
P
N
D
3
w
X
s
ANNANNN
o )
3¢ NN
i §
e E NN
et N R
N \\\\\“"‘ "

T SRR
NN N 3 B AR
b \.\\\ SRR
A T
R

RSN RRR RN




WO 2014/189601 PCT/US2014/023545

65/74

i

e

e

e

Sy
Sy

e
RO
Svene”
S
NN
o
W
by B S
e S "
Y P
3 :
i N
3 3%
3 X
+F AR
Y
By
M
]
X

A

SRS
ISy

ANt

N
S8
¥
&
R
P
3
33
Rl

$i
N
yid
T3
S § H
3 . N
) ™ i
N N
R N
3 N
\.‘\\‘ 3
R N
i N
i 1
N 23
¥ 3
H 3
PSRN R M
Y 3 Y R
st it
&8 A
by
33
S
e
Pt
o
R
§ 8
NER
73
Nooed®
NN
S
N
S
L e
Mt MY
ST
o
N S
My




WO 2014/189601

ved

i art e

“
- 3 Y
B o e

ey

e

LNUREREES

4

Ky

Tt

sy

o sba i

it

5

S8

3
\\\\‘

ANMRAAY

%

RN
Nt

7

rs0rdy

e

2.

PSS

Frvreserizose.

E

g

e

5557

N,
N,
N

At rer s,

P

%

F et

‘Z://"

st

66/74

SN
MG

z
E”

Liitor e

%
Aodenstansis

v

LA

Feesi;

y
G bree

h

is O s

i
N b
v
3
N
R
RARONY
& ~ & %
& W
S T8
RRRe S RS
SRR
Y@
B
N

R

RS

A PV
RN

N N,
it R ST

b

s,
“Lrgeors
752935

.

BRECPRRRRCREA

ey,

PCT/US2014/023545

E&.\“\“ R

N

4,

i,
e

hpiess,

Nl
SNy,
NN

BN
R
R
Noces®
RN

R
RN
Rl

hosel




PCT/US2014/023545

WO 2014/189601

67174

resrnrssssr e esssien,

‘,
%
5
A

N
e

0y

s

R

]
3
1
3
N
1
&
=Y
o
g
3
H
N
H
§
H

7o,

RO

& CECERNERVRReE:

&

H
H
i

ANINAI AARARL IMNanet AnaNa aanant aeaasi hasaas Taaaaas

v

o proereen

s

Y
2

N,

H
H
H
H
H
H
H
H
2
4
7
4

%

pesnesnsissshnnnniasiiisiey,
S RSSO T

% %
et tirrine st

ey

Nantnssnantssay

Fea,

G
Yy )
a4

>
7%
Y
2 d
srpiasi

%

. 7
¥z
Ytrrre



WO 2014/189601 PCT/US2014/023545

68/74

S
YA
Aoedet
SN
S
SN
O
>
S
NG
e X
NN '\‘\\\\\‘
NES NE
R N
EREEN sl
. SR
0 W SN o
Ny W, N
4 doood
AN }-\ S
W% ; et
R \ gl
SN SN
T 3
PR s
A
- s
RERY S
S FoEy
Neaed Y&
N Nonpis®
Ao AN
Ly S5
R N
Nl Rl

S
SN

B
NS




WO 2014/189601

B
SN
N vy

SRRSO RIS S S 1 120005
s
i
B

L

&
§
§
§
¥
s
§
3
N
b

it ia,,

RIS

~ .
Pt i
NN s
AN A T

68/74

PCT/US2014/023545

oy
%
{
H
3
H
H
M &
5
‘\«‘
2
Ny
~F V\;.\k
3 o N
4 By ¥
§ :
'\{ bl
3 N
& <
3 2
y B
15N
‘\&\\\\l“““-
e

ke

; comieny i}y
ERAARAAR AR 3
3 i
N, 3
iy
3t
S N
Y i1
'y
e )
S R
S i
§
088 3

R A

NN
Nl

NSy
B
A

S AN
FR
3 \\\
Nt
R
Y
X
Aoy



WO 2014/189601 PCT/US2014/023545

W a4

211

235"

211

235"

452

==

450"

FiG. 90B




WO 2014/189601

468
4

PCT/US2014/023545

¥\

480

482

460~

470

FiG. 918

480

P

482

482

464

466

P AN




WO 2014/189601 PCT/US2014/023545

72174

5N
[5)]
fon]
Ea
o
Fed

Y
ral
Y
e

A// i 4 1 /f ;;;4?4
480—17 462

e P, 464

Vg ————
4822 /. P P ST

.
-\J
(6]
%ﬁ
3
(E;E}
o
n.\!
o0

4686

48@_.,_«?’”? RN NN \E::
A ¥
48217 o p
v A0 2

FiG. 91k



WO 2014/189601 PCT/US2014/023545

73/74
490~ 4_{3
~\
©  —
Ve lizaey B
L 462
7 464
Vs
V] - - SH
4822 _ /. 2 2 466
475/”2/’.2; u\ai?ﬁ
FlG. 92A
490~

} L L L Ll L A
4O }(if‘»\ AN NN & Y
/ e 464
/|
7, 462
4827 o i
yavd e £ 466




PCT/US2014/023545

WO 2014/189601

7474

6 Old

0Ls AR

s1eidhu0s s 1esl] apoRy

A
_

s Hne}

BPOY Wwwwmu\ 5
\,_1Bsodsig

el ..n&o&% wmﬁmqmaw )

U e e yeo! sydulene ™

usunees ] ynd Ausws 00}

7 B g
. eyl sejeab
_2Inssdld

SPOW

i JBUNT J uchng
e S - 1= V-1 T3 Ty
uonng 488N

s8%584d

Jesn

SPOW 188l Ww .................... o8 &@Qmim.......u

80%

UORNG 7,

sassayd — (  SPOn

Bl 18],
dryeis

mwam\,m —
o dries

w0\ 209
pasemod
BOABC]

Y asne
JBSN S .ﬂ:;u

$15

SPOW
12841

WIGH peuoeal
SBM

SPOW

BN B
asdes
SPUN0ES Gl



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US14/23545

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - A61B 18/02 (2014.01)
CPC - A61B 18/02

‘According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

IPC(8) - A61B 18/02 (2014.01)
CPC - A618B 18/02; USPC - 606/21

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the intemational search (name of

data base and, where practicable, search terms used)

MicroPatent (US-G, US-A, EP-A, EP-B, WO, JP-bib, DE-C,B, DE-A, DE-T, DE-U, GB-A, FR-A); Google Scholar; ProQuest Dialog;
Medline/PubMed; Espacenet: ablate, aperture, balloon, boil, catheter,
expansion, fluid, gas, gassif*, inflate, interval, liquid, lumen, opening, period, pressure, probe, purge, rinse, time, vapor, vent, wash

clean, cryoablate, cryogen, debris, duration, evaporate, expand,

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2012/0197245 A1 (BURNETT, DR, et al.) August 2, 2012; figures 2, 4, 21A, 22A, 24, 36B, 1,2,4,6-19, 21
38B; paragraphs [0009], [0025], [0028], [0029], [0111], [0113], [0116], [0142], [0161], [0163], | --——mmmememmmeemmoms
Y [0190], [0193], [0219], [0225] . . 3,5,20
Y US 2005/0215989 A1 (ABBOUD, M, et al.) September 29, 2005; paragraphs [0043], [0047], 3,20
[0051], [0058] )
Y US 6547784 B1 (THOMPSON, T, et al.) April 15, 2003; figure 8; column 3, lines 58-61; column | 5
7, lines 34-45
A US 5776129 A (MERSCH, SH) July 7, 1998; figure 5; column 5, lines 47-61 1-21
A US 2007/0088247 A1 (BILWEIS, M, et al.) April 19, 2007 figures 3a, 3b; paragraph [0145] 1-21
A US 2012/0136343 A1 (BURNETT, DR, et al.) May 31, 2012; figures 2, 3, 7, 8; paragraphs 1-21
[0030}-[0056]
A US 2011/0082453 A1 (FISCHER, G, et al.) April 7, 2011; figures 1-4, 11-13; paragraphs 1-21
[0091]-[0139] :

D Further documents are listed in the continuation of Box C.

[l

* Special categories of cited documents:

“A”  document defining the general state of the art which is not considered
1o be of particular relevance

“E” earlier application or patent but published on or after the international
filing date .

“L”  document which may throw doubis on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0” document referring to an oral disclosure, use, exhibition or other
means

“P” document published prior to the international filing date but later than

the priority date claimed

ernational filing date or priority
ﬁllcatlon but cited to un erstand -
e invention

“T” later document published after the int
date and not in conflict with the ap,

the principle or theory underlying t

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“y”

document of particular relevance: the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

wy

“&” document member of the same patent family
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims uhder Article 17(2)(a) for the following reasons:

1. I:I Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. E] Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1.

Group |: Claims 1-21 are directed toward a tissue treatment system comprising deliver an.ablative fluid into an interim of the liner via the
infusion lumen. :

Group i Claims 22-30, 89-101 and 165-180 are directed toward a method of ablating tissue.
Group IlI: Claims 31-58 are directed toward a medical device for treating a tissue of a body cavity using an ablation agent.

-***_ Please see Extra Sheet -***-

I. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:I As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees. .

3. D As only some of the required additional search feés were timely paid by the applicant, this international search report covers |
only those claims for which fees were paid, specifically claims Nos.:

4. W No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-21

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)
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-**+_ Continuation of Box No. lli - Observations where unity of invention is lacking -***-

- Group IV: Claims 59-88 and 116-135 are directed toward a tissue treatment system comprising infusing a cryoablative fluid through the
delivery lumen such that the fluid passes into the infusion lumen, through the unobstructed openings, and into contact against an interior

of the liner. \
Group V: Claims 102-115 are directed toward a liner configured for expansion within a uterine cavity.

Group VI Claims 136-156 are directed toward a tissue treatment system comprising an infusion lumen that defines one or more
openings along its length; and a controller which is programmed to infuse a cryoablative fluid or gas into an interior of the liner via the
infusion lumen at a pressure of up to 150 mmHg and for a period of time of up to 150 seconds.

Group VII: Claims 157-164 are directed toward a method of treating tissue comprising infusing a cryoablative fluid or gas at a limited flow
rate through the delivery lumen.

Group VIII: Claims 181-211 are directed toward a method of treating tissue comprising monitoring one or more pressure sensors while
the cryoablative fluid or gas is infused into the interior via the infusion lumen. '

The inventions listed as Groups I-VIII do not relate to a single general inventive concept under PCT Rule 13.1 because, under

PCT Rule 13.2, they lack the same or corresponding special technical features for the following reasons: the special technical features of
Group | include evacuate the ablative fluid from the liner, infusing an ablative fluid through a delivery lumen such that the fluid passes
into an infusion lumen and into the liner to contact an interior of the liner, which are not present in Groups [I1-Vill; the special technical
features of Group Il include applying a negative pressure within the interior of the liner such that the liner is pulled in a normal direction
away from the tissue surface, which are not present in Groups | and IlI-VIII; the special technical features of Group Il include at least
one delivery lumen siidingly positioned in the infusion lumen, wherein translation of the delivery lumen relative to the infusion lumen
during the flow of the ablation agent permits selectively directing flow of the ablation agent through one or more of the plurality of
openings to selectively ablate the tissue in contact with one or more of the respective wall'sections, which are not present in Groups I-I|
and IV-VIII; the special technical features of Group IV include infusing a cryoablative fluid through the delivery lumen such that the fluid
passes into the infusion lumen, through the unobstructed openings, and into contact against an interior of the liner, which are not present
in Groups I-Ill and V-VIII; the special technical features of Group V include a flexible membrane which is configured to have a flattened
shape when in an unexpanded configuration and a contoured shape which conforms to the uterine cavity when in an expanded
configuration, wherein the membrane in the expanded configuration has a length which tapers from a first width to a second width which
is smaller than the first width and which is sized to receive an instrument therethrough into an interior of the membrane, wherein the first
width comprises a first curved portion and a second curved portion opposite to the first curved portion such that the membrane between
the first and second curved portions defines a first region having a first radius, wherein the membrane proximal to the first and second
curved portions further defines a second region having a second radius different from the first radius, and wherein the membrane
proximal to the second region further defines a third region having a third radius which is opposite relative to the second radius, which
are not presentin Groups I-1V and VI-VIII; the special technical features of Group VI include a controller which is programmed to infuse a
cryoablative fluid or gas into an interior of the liner via the infusion lumen at a pressure of up to 150' mmHg and for a period of time of up
to 150 seconds, which are not present in Groups -V and VHI-VIil; the special technical features of Group VIl include infusing a
cryoablative fluid or gas at a limited flow rate through the delivery lumen such that the fluid passes into the infusion lumen, through the
unobstructed openings, and into contact against an interior of the liner such that a temperature within the interior of the iiner drops to -89
C within 6 to 7 seconds of introducing the fluid or gas, which are not present in Groups |-Vl and VIii; the special technical features of
Group VIIl include monitoring one or more pressure sensors while the cryoablative fluid or gas is infused into the interior via the infusion
lumen, which are not present in Groups I-VIi.

The common technical features of Groups I-VIll are a liner configured for expansion.

However, this common technical feature is disclosed by US 2012/0197245 A1 to Burnett et al. (hereinafter ‘Burnett). Burnett discloses a
liner configured for expansion (inflatable liners may be used to insulate the cryogenic fluid; figure 49).

Since the common technical feature is previously disclosed by the Burnett reference, the common feature is not special and so
. Groups |-VIil lack unity. ’

The additional common technical features of Groups I-VIil are a method/system of treating tissue with ablation.

However, this common technical feature is disclosed by the Burhett reference. Burnett discloses a method/system of treating tissue with
ablation (a tissue treatment system with a reservoir having an ablative fluid in fluid communication with the at least one introduction
lumen; claim 1). .

Since the common technical feature is previously disclosed by the Burnett reference, the common feature is not special and so
Groups |-Vl fack unity. . :

Form PCT/ISA/210 (extra sheet) (July 2009)
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