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FIG. 5B

cryogenic fluid or gas may be introduced into a liner expanded within a body
lumen such as the uterine cavity. The liner may be intentionally sized to be
substantially larger than the typical size of the uterine cavity, e.g., 1.2 times
(or more), greater than the size of the uterine cavity into which the liner is in-
serted. Because the liner is sized intentionally larger than the body lumen to
be treated, the liner may never fully expand when deployed. But even with
folds or portions of the liner being folded upon itself, the liner may remain
sufficiently supple such that the resulting uncontrolled folds allow for com-
plete conformance of the liner against the anatomy of the contacted tissue.
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LINER FOR CRYOGENIC TREATMENT SYSTEMS
FIELD OF THE INVENTION

{0001 | The present invention relates to medical devices. In particalar, the present

mvention relates to methods and apparatus for hners which are used n therapeutic

4

devices for crvoablating Ussue in bodies with variable anatomy,

RACKGROUND OF THE INVENTION

{00062 In the last few decades, therapeutic intervention within a body cavity or

tomen has developed rapidly with respect to delivery of energy via radiofrequency

ablation. While successful in several arenas, radiofrequency ablation has several major
10 downsides, including incomplete ablation, [requent lack of visualization during catheter

insertion, potential for overlap during treatment {with some areas receiving twice as much

sneryy as other areas), charring of tssues and requirements for frequent debridement,

frequent requirements for additional doses of energy after debridement, and potential

perforation of the body cavity or humen dae 1o the rigidity of the RF electrodes.

o
173

{0003] The current state of the art would benefit from mimmally vasive devices
and methods which deliver thermal energy to a desired aved or extract ensrgy from a
desired area, n a consistent, controtled manner particularly in regions of the body which

have variable anatomy.

SUMMARY OF THE INVENTION
20 j0084] An elongate shaft may be introduced through the cervix and into the uterus
until the distal opeming of the shafl is positionsd distal 1o the internal o5 and a liner may
be deployed either from within the shaft or from an extemal sheath, The liner may be
deploved and allowed 1o unfurl or unwrap within the wterus allowing a coohing probe to

be introduced through the shafl and into the balicon interior, The cooling probe

3
A

positioned within the Hiner may be vantously confipured and may inclade further
VRMAons.

{0085 As the crvoablaiive fluid 1s miroduced mnto and distnibuted throughowt the
catheter humen, the exhaust catheler may also defline one or more epenings to allow for

the cryeablative thad to vent or exhaust from the catheter intenior and nto the mienior of

bk
—~
e

the balloon. A coolant reservorr, e.g., nitrous oxide canster, may be fluidly coupled to

1
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the handle and/or elongate shaft via a coolant valve which may be optionally controlled
by a microcontrolier. The coolant reservoir may be in flurd communication with the
cooling probe assembly and with the mterior of the liner. Additionally, an exhaust lumen

in communication with the elongate probe and having a back pressure valve may also

%43

include a pressure sensor where one or both of the back pressure sensor and/or valve may

also be in communication with the microcontroller.

[0006] Farther details of the various probes and assemblies which may be used

with any of the features described herein are described in the following U.S. Pat. Apps.

13/361,779 filed January 30, 2012 and 13/900.910 filed May 23, 2013,

10 Any of the embodiments describad herein
are intended o be used in any number of combinations with the featres of the devices
and methods described in these referenced applications.

{0607} Because the liner is used to contact the tissue and thermally conduct the
heat through the liner, the liner material may be compuised of various materials such as

15 polyurethane, fluorinated ethylene propvlene (FEP), polyether ether ketons (PEEK), fow
density polyethvlene, polyethylene terephthalate (PET), polyvimnvlidene fluonide (PVDF),
or any number of other conformable polymers. Moreover, the liner material may have a
thickness which remains flexible and strong vet sufficiently thermally conductive, e.g.,
about 0.0005 10 0.015 in or about 0.001 in. on average. Such a thickness may allow for

20 the liner t0 remain supple enough to conform desirably 1o the undertving tissue anatomy

and may also provide sufficient clarity for visualizing through the material with, e.g., a

hysterascope.

{0608} Omnce the balloon or liner is initially deploved, it may be expanded by an

nitial burst of @ gas, e.g., air, carbon dioxide, etc., or by the cryvogenic fluid. In

v
(¥

particular, the tapered portions of the balloon or liner may be expanded to ensure contact
with the uterine comua. The handle assembly may also be used to actuate and control a
longitudingl position of the coolimg probe relative to the elongate shafit and balloon or
liner. The pre-treatment infusion of air as well as the methods for treatment and thawing
may be utilized with any of the liner, probe, or apparatus variations described herein,

30 Moreover, the pre-treatment, treatment, or post-treatment procedures may be utilized
altogether in a single procedure or different aspects of such procedures may be used in
varying combinations depending apon the desired resulfs.

[0009] An mfusion line may pass from the handle assembly and along or within
the sheath and into the interior of the liner. The infusion line may be aligned along the

2
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probe such that the infusion line is parallel with a longitudinal axis of the probe and
extends towards the distal tip of the probe. Moreover, the infusion line may be posttioned
along the probe such that the line remains exposed to the corners of the hiner which
extend towards the comua. With the infusion Hoe positioned accordingly, the length of
the hne within the liner may have multiple openings formed along its length which act as
delivery ports for the infused cryogenic fluid or gas. A separate translating delivery ling,
e.g., formed of a Nuinol tebe defining an infusion lumen therethrongh, may be shidably
positioned through the length of the infusion line such that the delivery line may be
moved relative to the infusion line which remrains stationary relative to the probe.

{0010} The openings along the length of the infusion line may be positioned such
that the openings are exposed to the sides of the interior of the liner, e.g., cross-drilied.

As the crvogenic fluid or gas is introduced through the delivery line, the infused
cryogenic fluid or gas may pass through the infusion Hne and then out through the
openings defined along the infusion hine. By adjusting the transiational position of the
delivery line, the delivery line may also cover a selected number of the openings resuling
in a namber of open delivery ports as well as closed delivery ports which are obsirected
by the delivery line position relative to the infusion line.

{0611} By translating the dehivery line accordingly, the number of open dehivery
ports and closed delivery ports may be adjusted depending on the desired treatment length
and further ensures that ouly desired regions of the uterine tissue are exposed to the
infused cryogenic fluid or gas. Once the pumber of open delivery ports has been suitably
selected, the infused crvogenic fluid or gas mav bypass the closed delivery ports
obstructed by the delivery line and the fluid or gas may then be forced out through the
open delivery ports in a transverse direction as indicated by the infusion sprav direction.
The terminal end of the infusion line may be obstructed to prevent the distal release of the
infused fluid or gas from fts distal end. Although in other variations, the terminal end of
the infusion line may be left unobstructed and opened.

jo012] Turning now to the Hiner ftself, the liner may be formed to have, ez, a
nominal 0.001 . {or wore particularly 0.0012 in, +0.0004 / -0.0003) thick flexible
membrang such as polyurethane or PELLETHANE® (Lubrizol Advanced Materials, Inc.,
Cleveland, OH). The liner 20 may be optionally formed as a composite from one or more
sheets of material, e.g.. two sheets of membrane which are RF welded. When laid out in
a flattened shape, the liner may shaped in a manner which allows the liner to inflate or
expand into a contoared shape which conforms closely to a uterine cavity. The liner stself

3
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may be formed to have a untform thickness over the entive liner. Alternatively, different
portions of the Imer may also be formed 1o have differing thicknesses depending vpon the
destred degree of treatment along differing portions of the liner. For mstance, the liver
may have varying regions of thickness along proximal portions of the liner relative 1o
distal portions of the hner.

0813} Moreover, to facilitate smooth retraction of the sheath and consistent
deployment, the liner may be pleated to fold and collapse in 8 consistent manner.
Because of the thickness of the liner and #ts suppleness, the liner may conform against the
anatonmy of the contacted tissue surface. However, the hiner may be intentionally sized to
be substantially larger than the typical size of the uterine cavity which can average, e.g.,
about 10 ml tor relatively small cavities, about 20 mi for medium sized cavities, and
about 30 ml or greater for relatively large size cavities. For instance, the liner may be
sized to be, e.g., 1.2 vimes (or more), greater than the size of the uterine cavity into which
the liner is inserted. Because the liner iy be sized to be intentionally larger than the
uterine cavity to be treated, the liner may never fully expand when deploved within the
uterus.

{0014} Because liner is constrained from fullv expanding within the uterus, folds
or portions of the liner may overlap upon itself over the surface of the liner in contact
against the surrounding tissue. This is particularly so since the material of the liner may
he non-distensible so as 1o prevent the full deployment of the liner within the aterine
cavity. Even with folds or portions of the liner being folded upon itself] the liner may
remain sufficiently supple such that the resulting uncontrolled folds allow for complete
conformance of the liner against the anatomy of the comtacted tissue. Moreover, the
thickuess of the liner may allow for the heat to he sufficiently conducted from the
undertying tissue through, e.g., 1 to 3 lavers of the hiner, which may result in an overall
thickness through the folded liner lavers of, e.g., 0.001 to 0.003 i,

[B615] While the Imer may be oversized to enable the liner to delibevately fold
apon or aver itself when contacting the underlying tissue, the formation of the folds or
portions may occur randomly over the expanded hiner. Ahernatively, portions of the hoer
may be optionally pleated or folded such that liner expansion may preferentially cause
these pleated or folded sections to fold against the swrrounding tissue surface. Having the
liner intentionally sized to be larger than the wterime cavily {or any other body lumen) into
which the Liner is placed may not only ensure that the liner 15 inhibited from over-
expanding, but this also keeps the liner mewbrane from distending, particularly when

4
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frozen, so as to prevent or inhibit the liner from fracturing or ripping during or after

treatment.
BRIEF DESCRIPTION OF THE DRAWINGS
o016} Figure 1A shows a side view of an integrated treatment assembly.
[0017} Figure 1B shows an example of the assembly advanced through the cervix

and into the uterus where the sheath may be retracted via the handle assembly to deploy
the balloon.

jo018] Figure 1 shows a perspective view of a ervoablation assembly having a
handle assembly which may integrate the electronics and pump assembly within the
handle itself.

{6619} Figure 1D shows the handle assembly in g perspective exploded view
ilustrating some of the components which may be muegrated within the handle.

0020} Figures 2A and 2B show cross-sectional side views of yet another
variation of a cooling probe which utilizes a single infusion line in combination with a
transiatable dehivery hine.

{021} Figures 3A and 3B show top and perspective views of the expanded liner
with four pairs of the open delivery ports exposed in apposed ditection,

o622} Figures 4A and 4B show top and perspective views of a liner ilustrating
its curved features when flattened and expanded and then deployed i a consistent
manner.

j0823] Figure 4C shows a perspective view of a liner which may be pleated to

fold and collapse in a congistent manner,

o024} Figure SA shows the liner in its compacted shape when first deployed or
expanded.
[0025] Figure 5B shows an example of the Iiner having portions folded upon iself

when expanded nto full conformance within the uterus,

0626} Figure 3C shows an example of the liner when fully expanded to its
maximum configuration outside of the uterus.

{00271 Figure 5D shows a partial cross-sectional end view of the liner folded upon

itself when expanded mio contact against the tissue surface.



DETAILED DESCRIPTION OF THE INVENTION
[0028] In treating an expandable and/or variably sized body lumen sach as the
aterus, a device generally having a cooling probe and a reconfigurable liner may be

advanced within the body lumen and expanded into contact agamnst the interior tissue

%43

surface. The liner may be configured to conform against the interior tissne surface and to

resist rupture at low and high temperatures. For example, the liner when expanded may

have a shape which approximates the body lumen in which it is inflated and/or come in

various sizes to acconmmaodate different patient anatomies. The liner may be formed to

taper and have two rounded portions for expanding into inthmate contact at the utering

10 coran without painful deforaation or distention of the uterus af a pressure, e.g., less than
1530 mmHg,
{3029} Moreover, the liner may have a wall which is relatively thin (e.g., 0.040 in.
or less) to facilitate thermal conduction through the liner material. The Imer may also be
sufficiently thin such that folding of the iner on wself does not create a significant

15 thermal barrier alfowing for an even ablation in the event that a non-compliant liner is
ased. Generally, once the elongate shaft has been miroduced through the cervix and mto
the uterus, the distal opening of the shaft may be positioned distal to the internal os and
the hiner may be deploved either from within the shaft or frony an external sheath
{described below in further detail). The liner may be deployad and allowed to unfurl or

20 unwrap within the uterus, A cooling probe may be mtroduced through the shaft and into

the liner mterior.

{0630} Further details of the various probes and assemblies which may be used

with any of the features described herein ave described in the following U.S. Pat. Apps.

13/361,779 filed January 30, 2012 and 13/900,916 filed May 23, 2013,

v
(¥

Any of the embodinents described herein
are intended to be used in any number of combinations with the features of the devices
and methods described n these referenced apphications,

{0031} Becanse the liner is used to contact the tissue and thermally conduct the
heat through the liner, the liner material may be coraprised of various materials such as
30 polvurethane, fluorinated ethvlene propylene (FEP), polvether ether ketone (PEEK), low
density polyethvlene, polvethylene terephihalate (PET), polyvinvlidene fluoride (PVDF),
or any number of other conformable polymers. Moreover, the liner material may have a
thickness which remains flexible and strong yet sotficiently thermally conductive, e g,
about 0.0005 to 0.013 . or about 0.801 in. on average. Such a thickness may allow for

&
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the liner to remain supple enough to conform desirably to the underlying tissue anatomy
and may also provide sufficient clanty for visnahzing through the material with, eg.
hysteroscope.

{0032} The cooling probe 22 as well as the balloon assembly may be varicusly
configured, for instance, in an integrated treatment assembly £8 as shown in the side view
of Figure 1A, In this variation, the assembly 16 may integrated the elongate shaft 18
having the balloon or hiner 20 extending therefrom with the cooling probe 22 positioned
translatably within the shaft 18 and balloon or liner 28, A separate translatable sheath 12
may be positioned over the clongate shaft 18 and both the elongate shaft 18 and sheath 12
may be attached to a handle assembly 14, The handie assembly 14 may forther comprise
an actuator 16 for controlling a translation of the sheath 12 for balloon or liner 28 delivery
and deplovment. The sheath 12 may be configured 1o have a diameter of e.g., S.5 mm or
less, to prevent the need for dilating the cervix.

{0033} With the sheath 12 positioned over the elongate shaft I8 and balloon or
liner 28, the assembly 10 may be advanced through the cervix and imto the uterus UT
where the sheath 12 may be refracted via the handle assemibly 14 to deploy the balloon or
liner 20, as shown in Figure 1B. As described above, once the balloon or liner 20 s
inttially deployed from the sheath 12, it may be expanded by an mitial burst of & gas, e.g.,
air, carbon dioxide, gic., or by the crvogenic fluid. In particular, the tapered portions of
the balloon or liner 20 may be expanded to ensure contact with the uterine comnu. The
handle assembly 14 may also be used to actuate and control a longitudinal position of the
cooling probe 22 relative to the elongate shaft 18 and balloon or liner 20 as indicated by
the arrows.

ja034] o another vanation of the treatment assembly, Fipure 1C shows a
perspective view of a cryoablation assembly having a handle assembly 3¢ which may
integrate the slectronics and pump assembly 34 within the handle itself. An exhaust tube
32 may also be seen attached to the handle assembly 30 for evacuating exhausted or
excess cryoablative fluid or gas from the liner 28, Any of the crvogenic fluids or gases
described herein may be utilized, e.g., compressed liquid-to-gas phase change of a
compressed gas such as nitrons oxide (NLO3, carbon dioxide (COz), Argon, etc. The
cooling probe 22 may be seen extending from sheath 12 while surrounded or enclosed by
the baltoon or liner 20. Hence, the handle asserably 3¢ with coupled cooling probe 22

and hiner 28 may provide for a single device which may provide for pre-treatment pufi-up
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or mflation of the liner 20, active cryoablation treatment, and/or post-treatment thaw
cveles.

{0635] The handle assembly 30 may also optionally incorporate a display for
providing any number of indicators anddor alerts to the user. For instance, an LCD
display may be provided on the handle assembly 30 (or to a separate control unit
connected 1o the handle assembly 30) where the display counts down the treatment time
in seconds as the ablation is cccurring. The display may also be used to provide
measured pressure or temperature readings as well as any number of other indicators,
svmbols, or text, ete., for alerts, instructions, or other indications. Moreover, the display
may be configured to have multiple color-coded outputs, e.g., green, yellow, and red.
When the assembly is working through the ideal use case, the LED mav be displayed as a
solid green color. When the device requires user inpot (e.g. when pavsed and needing the
user to press the button 1o re-start treatment) the LED may flash or display yellow,
Additionally, when the device has faulied and treatinent is stopped, the LED may flash or
display a solid red color.

[6036] Figure 1D shows the handle assembly 38 in a perspective exploded view to
iflustrate some of the components which may be integrated withmn the handle 38, As
shown, the liner 20 and sheath 12 may be coupled to a sheath bearing assembly 38 and
slider base block assembly 40 for controlling the amouat of exposed treatment fength
along the cooling probe 22 (and as described 1o further detail below). An actuatable
sheath control 42 may be attached 1o the slider base block assembly 40 for manually
controlling the treatment length of the cooling probe 22 as well. Along with the
electronics and pump assembly 34 {which may optionally incorporate a programmable
processor or controller in electrics! conwnunication with any of the mechanisms within
the handle 38}, an exhaust valve 36 (e.g., actuated via a solencid) may be coupled to the
axhaust line 32 for controling not only the outflow of the exhausted crvoablation fluid or
gas but alzo for creating or increasing a backpressure during treatment, as described in
further detail below.

8037} Altersatively, an active system may be integrated jato the bandle or
coupled to the handle 30 where a heat sink may be connected to a temperature sensor and
electrical circuit which is controlled by a processor or microcontroller. The heat sink may
promote heat transfer and causes any hiqud exhaust to evaporate. When the temperature

of the heat sink reaches the boiling tomperature of, ¢.g., nitrous oxide {around -89 *(C}, the
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handle may be configured to slow or stop the delivery of the eryogenic fluid or gas to the
utering cavity.

{0638] The pre-treatment infusion of air as well as the methods for treatment and
thawing mayv be utilized with auv of the liner, probe, or apparatus varations described
herein. Moreover, the pre-treatment, treatment, or pest-treatment procedures may be
utilized altogether in a single procedure or different aspects of such procedures may be
nsed in varying combinations depending upon the desired results,

{0039} Additionally and/or opuionally, the handle 30 may incorporate an
orientgtion sensor to facilitate matntaining the handle 30 in a desirable ortentation for
treatment, One variation may incorporate a ball baving a specific weight covering the
exhsust ine 32 such that when the handle 30 15 held in the desirable upright ortemation,
the reatment may proceed uninterrupted. However, if the handle 38 moved out of its
desired oriemation, the ball may be configured to roll out of position and trigger a visual
and/or auditory alarm to alert the user. In another variation, an electronic gyroscopic
sensor may be used to maintain the handle 36 in the desired orientation for treatment.
o040} Figures 2A and 2B show cross-sectional side views of vet another
variation of a cooling probe which utilizes a single infusion line in combination with a
translatable dehvery hine. To accommodate various sizes and shapes of ntenine cavities,
the cooling probe mayv have a sliding adjustment that may be set, e.g., according 1o the
measyured length of the patient’s uterine cavity. The adjustment may move along the
sheath along the exhaust tbe as well as the delivery line within the infusion line. The
sheath may constrain the liner 20 and also control i#ts deplovment within the cavity.
{6041} In this vaviation, an infusion line 38 (as described above} may pass from
the handle assembly and along or within the sheath and into the interior of liner 26, The
infusion line 88 may be aligned along the probe 22 such that the infuston line 50 s
parallel with a longitudinal axis of the probe 22 and extends towards the distal tip 58 of
the probe 22, Moreover, the infusion line 80 mav be positioned along the probe 22 such
that the line 58 rematins exposed to the corners of the liner 28 which extend towards the
cornua. With the infusion line 80 positioned accordingly, the length of the line 30 within
the liner 20 may have multiple openings formed along its length which act as delivery
ports for the infused crvogenic fluid or gas. A separate wranslating delivery line 56, e.g.,
formed of a Nitinol tube defining an mfusion hanen therethrough, may be shdably

positioned through the length of the infusion line 50 such that the delivery line 56 may be

9
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moved {as indicated by the arrows in Figure 2A) relative to the infusion line 58 which
rentaing stationary relative to the probe 22

{0642} The openings along the length of the infusion line 38 may be positioned
such that the openings are exposed to the sides of the interior of the liner 20, e g, cross-
drilled. As the cryogenic fluid or gas s introduced through the delivery line 56, the
infused crvogenic fluid or gas 60 may pass through the infusion line 50 and then out
throngh the openings defined along the infusion line 38, By adjusting the translational
position of the delivery line 56, the delivery line §6 may also cover a selected number of
the openings resulting in a number of open delivery ports 32 as well as closed delivery
ports 34 which are obstructed by the delivery ling 36 position relative 1o the infusion line
50, as shown in the top view of Figare 2B.

{0043 By translating the delivery line 56 accordingly, the number of open
delivery ports 52 and closed delivery ports 84 may be adjusted depending on the desived
treatment length and further ensures that only desired regions of the uterine tissue are
exposed o the mfused crvogenic fluid or gas 60. Once the number of open delivery ports
52 has been suitably selected, the infused cryogenic fluid or gas 68 may bypass the closed
delivery ports 54 obstructed by the delivery line 56 and the fluid or gas may then be
forced out through the open delivery ports 52 in a transverse direction as indicated by the
infusion spray dirsction 62, The terminal end of the infosion line S8 may be obstructed to
prevent the distal relegse of the infused fluid or gas 60 from its distal end. Although in
other variations, the terminal end of the infusion Hine §¢ may be left unobstrucied and
opened.

{0044} Figures 3A and 3B show top and perspective views of the expanded liner
28 with four pairs of the open delivery ports 52 exposed i apposed direction. Because
the mnfused fluid or gas 60 may be injected nto the liner 28, e.g., as a liquid, under
relatively high pressure, the injected crvogenic Liquid mayv be sprayed throngh the open
delivery ports 82 in a transverse or perpendicular direction refative to the cooling probe
22, The laterally infused crvogenic fluid 62 may spray against the interior of the Hiner 20
{which is contacted against the surrounding tissue surface) such that the crvogenic Hguid
62 coats the interior walls of the liner 20 due to turbulent flow cansing heavy mixing. As
the crvogenic Hiquid 62 coats the liner surface, the sprayed liquid 62 may absorb heat
from the tissue walls causing rapid cooling of the tissue while also evaporating the hqud
crvogen to a gas form that flows out through the cooling probe 22. This rapid cooling and
evaporation of the cryogenic Hguid 62 facilitates the creation of a Tast and deep ablation
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over the tissue. During treatment, the temperature within the cavity typically drops, e.g., -
89° (| within 6-7 seconds after the procedare has started. While the mterior walls of the
liner 28 are first coated with the crvogenic hquid 62, the eryogente liquid 62 may no
longer change phase as the procedure progresses,

[0845] Turning now o the liner itself, the liner may be formed to have, ez, a
nominal 0.001 m. {or more particufarly 0.0012 in. +0.0004 / -0.0003 ) thick flexible
membrane such as polvurethane or PELLETHANE®R (Lubrizol Advanced Materials, Inc.,
Cleveland, OH). The liner 20 may be eptionally formed as a composite from one or more
sheets of matenal, ez, two sheets of membrane which are RF welded. When laid out in
a flattened shape, the liner 20 may shaped in 2 manner, as shown n the 10p view of Figure
4A, which allows the hner 20 to inflate or expand mto a contowred shape which conforms
closely to a uterine cavity, as shown in the perspective view of Figure 4B, Figure 4A
shows one example of a flattened liner 20 which gently tapers from the opening 0 &
curved shape forming a first curved portion 70A and a second curved portion 768
opposite to the first curved portion 70A. The liner 20 may hence taper gently from a first
width W1, e.g., about 2.4 in., down to a second width W2, e.g., abowt 0.3 in., overa
Jength L1 of, e.p., about 3.5 in. The neck may form a length 1.2, e.g., about 0.9 in.

{0040} The region between each of the first and second curved portions 70A, 70B
may also be curved to have a radius R1 of, e.g., about 3.5 in., while curved portions 704,
788 may also be curved to each bave a radius R2 of, ¢.g., about 0.3 in. The portion of the
liner proximal to the portions 70A, 70B may also have a radius R3, e.g., about 1.1 in., and
an oppositely radiused portion of radius R4, e.g., about 8.0 in. The region between the
liner 20 and neck may further bave a radius RS g about 0.2 in.

0047} The liner 20 itself may be formed to have a uniform thickness over the
entire liner. Alternatively, different portions of the liner 20 may alse be formed to have
differing thicknesses depending upon the desired degree of treatment along differing
portions of the liner 20, For mstance, the liner 20 may have varyving regions of thickness
T1, T2, T3 along proximal portions of the liner relative to distal portions of the liner.
[oa48] Moreover, to facilitate smooth retraction of the sheath and cousistent
deployment, the liner 20 mav be pleated to fold and collapse in a consistent manner, as
shown in the perspective view of Figure 4C. The liner 20 may be pleated, e.g., using a
fixtare during manufacturing.

0049} Because of the thickness of the hner 20 and its suppleness, the liner 20
may conform agamst the analomy of the contacted tissue surtace. However, the liner 20
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may be intentionally sized to be substantially larger than the typical size of the utesine
cavity which can average, e.g., about 10 mi for relatively small cavities, about 20 mi for
medium sized cavities, and about 30 mi or greater for relatively large size cavities. For
instance, the liner 20 may be sized to be, e.g., 1.2 times (or more), greater than the size of
the uterine cavity into wiach the liner 20 is to be inserted. Because the liner 28 may be
sized to be intentionally larger than the wterine cavity to be treated, the liner 28 may never
fully expand when deployed within the wterns UT. An example is iHlustrated in the side
views of Figures 5A to 5C. Figure 5A shows the liner 20° m its compacted shape when
first deployed or expanded. Figure 5B shows an example of the liner 20" when expanded
inte full conformance within the sterus UT and Figure 53C shows an example of the liner
20" when fully expanded to its maximum configuration outside of the uterus UT. The
profile of liner 20°°° is provided for companson against the constrained expansion of the
liner 20°" within the uterus UT.

{0050} Because liner 207" is constramed from fully expanding within the uterus
UT, as shown in Figure 5B, folds or portions 80 of the liner 20° may overlap upon iiself
over the surface of the liner o contact against the surrounding tissue. This is particulardy
s0 since the material of the liner 28”” may be non-distensible so as to prevent the full
deployment of the liner 207 within the uterine cavity UT.

B0} In other variations, the liner may be optionally distensible so that the liner
is able to be stretched to accommodate a bady humen which may be larger thao the liner.
For instance, the liner may have an internal volume of, e.g.. 40 ml, when the liner is
axpanded but un-distended or un-stretched. For body lumens baving a volume greater
than 40 ml, the liner may be optionally expanded uniil stretched to, e g., about 400 mi
when pressurized to less than 20 mmHg, to ensure contact with the tissue surfaces before
the liner ruptures. Even with such a distensible liner, the liner may stili have folds or
portions 80 which mayv overlap upon itself over the surface of the Hiner in contact with the
surrownding tissue without having any appreciable effect on the thermal heat transfer
across the folds.

jaas2] Even with folds or portions 80 of the liner being folded upon iself] the
liner 2077 may remain sufficiently supple such that the resulting uncontrofled folds allow
for complete conformance of the lner 207 against the anatomy of the contacted tissue, as
shown i the partial cross-sectional end view of Figure 3. Moreover, the thickness of

the Hner 20°° mav allow for the heat to be sufficiently conducted from the underlying
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tissue through, eg., | to 3 layers of the lmer, which may result in an everall thickness
through the folded hiner layers of, e g, 0.001 to 0.003 inches.

{0053} While the liner 28 may be oversized to enable the liner 20 to deliberately
fold upon or over itself when contacting the underlving tissue, the formation of the folds
or portions 8 may occur randomly over the expanded liner. Alternatively, portions of
the Hiner 20 may be optionally pleated or folded such that liner expansion may
preferentially cause these pleated or folded sections to fold agamnst the surrounding tissue
surface. Having the liner intentionally sized to be larger than the uterine cavity UT {or
any other body lumen) 1uto which the liner is placed may not only ensure that the liner is
inhibited from over-expanding, but this also keeps the iner membrane from distending,
particularly when frozen, so as to prevent or inhibit the liner 20 from fracturing or ripping
during or after treatmernt.

{0054} While illnstrative examples are described above, it will be apparent to one
skilled in the art that vartous changes and modifications may be made therein. Moreoves,
various apparatus or procedures described above are also intended 1o 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:

1. A tissue treatment system, comprising;

an clongate probe having a distal tip and a flexible length;

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

at least one delivery lumen slidingly positioned through or along the at least one infusion
lumen, wherein translation of the at least one delivery lumen relative to the at least one infusion lumen
controls a number of unobstructed openings along the at least one infusion lumen; and

a liner enclosing the probe such that the at least one delivery lumen is slidingly positioned
through or along the at least one infusion lumen while enclosed within an interior of the liner, where
the liner is expandable from a delivery configuration to an expanded configuration which is sized to be
greater than a body lumen to be treated, and

wherein the liner defines a suppleness such that expansion of the liner within the body lumen
causes portions of the liner to fold upon itself while conforming against a tissue surface of the body

lumen.

2. The system of claim 1 wherein the liner is sized to be larger than a uterine cavity.

3. The system of claim 2 wherein the liner is sized to be at least 1.2 times greater than the

uterine cavity into which the liner is inserted.

4. The system of claim 1 wherein the liner is configured to fold upon itself in an uncontrolled

manner against the tissue surface.

5. The system of claim 1 wherein the liner is configured to have pre-formed folds or pleats

such that the portions of the liner are folded in a controlled manner against the tissue surface.

6. The system of claim 1 wherein the portions are folded to form between 1 to 3 layers of the

liner.

7. The system of claim 1 wherein the portions are folded to a thickness of between 0.001 to

0.003 1n. of the liner.
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8. The system of claim 1 wherein the delivery lumen comprises a Nitinol delivery tube

slidingly positioned through the infusion lumen.

9. The system of claim 1 further comprising a reservoir of a cryoablative fluid in fluid

communication with the delivery lumen.

10. The system of claim 9 wherein the cryoablative fluid comprises nitrous oxide or argon.

11. A tissue treatment system, comprising:

an clongate probe having a distal tip and a flexible length;

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

at least one delivery lumen slidingly positioned through or along the at least one infusion
lumen;

a liner enclosing the probe such that the at least one delivery lumen is slidingly positioned
through or along the at least one infusion lumen while enclosed within an interior of the liner, wherein
the liner is expandable from a delivery configuration to an expanded configuration which is sized to be
greater than a body lumen to be treated; and

a reservoir of a cryoablative fluid in fluid communication with the delivery lumen,

wherein the liner defines a suppleness such that expansion of the liner within the body lumen
causes portions of the liner to fold upon itself while conforming against a tissue surface of the body

lumen.

12. The system of claim 11 wherein the liner is sized to be larger than a uterine cavity.

13. The system of claim 11 wherein the liner is sized to be at least 1.2 times greater than the

uterine cavity into which the liner is inserted.

14. The system of claim 11 wherein the liner is configured to fold upon itself in an

uncontrolled manner against the tissue surface.

15. The system of claim 11 wherein the liner is configured to have pre-formed folds or pleats

such that the portions of the liner are folded in a controlled manner against the tissue surface.

15
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16. The system of claim 11 wherein the portions are folded to form between 1 to 3 layers of

the liner.

17. The system of claim 11 wherein the portions are folded to a thickness of between 0.001 to
0.003 in. of the liner.

18. The system of claim 11, wherein translation of the delivery lumen relative to the infusion

lumen controls a number of unobstructed openings along the infusion lumen.

19. The system of claim 11 wherein the delivery lumen comprises a Nitinol delivery tube

slidingly positioned through the infusion lumen.

20. The system of claim 11 wherein the cryoablative fluid comprises nitrous oxide or argon.

16
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