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tioned through or along the elongate probe, wherein the
infusion lumen defines one or more openings along its
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flow reservoir or canister valve may be fluidly coupled
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agent and a modulation control unit may also be fluidly
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fluid communication with the at least one infusion lumen.
Additionally, a warming element may also be thermally
coupled with the reservoir or canister.
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APPARATLS AND METHODS FOR REGULATING CRYOGENIC

CROSS-REFERENCE TO RELATED APPLICATIONS
0001} This application clatms the benefit of priority to U.S. Application No,
14/265.799 filed April 30, 2014 and to U.S. Provisional Application No. 61/977 773 filed

April 10, 2014, each of which is mcorporated herein by reference in its entirety.

FIELD OF THE INVENTION
{0002} The present invention relates to medical devices. In particular, the present
invention relates to methods and apparatus for regulating the crvoablative treatment of

tISSHE regions.

BACKGROUND OF THE INVENTION
{0003} In the last few decades, therapeutic intervention within a body cavity or
lumien has developed rapidly with respect o dehivery of energy via radiofrequency
ablation. While successtul i several arenas, radiofrequency ablation has several major
downsides, including incomplete ablation, freguent lack of visualization during catheter
insertion, potential for overlap during treatment {with some areas recetving twice as muuch
energy as other areas), charring of tissues and requirements for frequent debridement,
frequent requirements for additional doses of energy after debridement, and potential
perforation of the body cavity or lumen due to the rigidity of the R¥ electrodes.
|0004} The carrent state of the art would benefit from mintmally mvasive devices
and methods which deliver thermal energy to a desired area or extract energy from a
destred area, in a consistent, confrolled manner that does not char or madvertently freeze

certain tissues or create excessive risk of unwanted organ or hunen damage.

[O045] Generally, devices for delivering controlled treatment may comprise an
elongate probe having a distal tip and a flexible length, at least one infusion lumen
positioned through or along the elongate probe, wherein the nfusion lumen defines one or
more openings along its length, a liner expandably enclosing the probe, an inflow

reservoir or canister valve fhudly coupled with a reservoir or canister containing a
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cryoablative agent, a modulation control unit fluid coupled with the inflow reservenr or
canister valve and m floid communmication with the at least one infusion lumen, and &
warming element thermally coupled with the reservowr or canister.

{0606} One method for ntilizing the treatment assembly for cryoablatively treating
tissue, e.g., uterine tissue, may generally comprising monttoring a temperature or pressure
of the reservoir or canister containing a cryoablative agent, maintaining the temperature
of the reservoir or canister at a predetermined level, positioning an elongate probe into a
body lumen to be treated, expanding a liner enclosing the probe into contact against the
body lumen, and infusing a cryoablative agent through a debivery lumen such that the
crvoablative agent passes into an mfusion lumen, through one oy more unobstructed
openings, and inte contact against an interior of the hner.

(0007} In controtling or modulating the flow of the cryoablative agent, the inflow
reservoir or canister valve which is fluidly coupled with the reservoir or canister may be
utilized. Such a valve may generally comprising a valve body, a reservolr interface
extending from the valve body and configured for fluidly coupling with the reservoir or
canister containing the cryoablative agent, a modulation control interface defined along
the body and configured for fluidly coupling to a modulation control interface, a valve
stemn seated within a valve stent channel defined within the valve body, an inflow lumen
defined through the valve body and extending between the reservoir interface and the
maodutation control interface, where the valve stem 1s movable between a first position
which obstructs the mflow lumen and a second position which opens the inflow lnmen, a
venting lumen defined through the valve body and extending between the reservoir
interface and a vent opening. and a veot piston which is movable between a first posttion
which obstructs the venting lumen and a second position which opens the venting lomen,
Alternatively, the valve stem may be configured to include three posttions including a
first position which obstructs the inflow lumen, a second position which opens the inflow
lumen, and a third optional position which opens the venting lumen.

{0008} To facilitate the liner expanding and conforming readily against the tissue
walls of the uterus, the liner may be inflated with a gas or liguid. Once the elongate shaft
has been introduced through the cervix and into the uterns, the distal opening of the shaft
may be positioned distal to the internal os and the liner mav be deploved either from
within the shaft or from an external sheath. The liner may be deployed and allowed to
unfurl or unwrap within the wterus. The coolimg probe may be mtroduced throngh the

shaft and into the Hoer mtertor. As the cryoablative agent {e.g.. cryoablative fhud) s
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intreduced into and distributed throughout the liner interior, the exhaust catheter may also
define one or more openings o allow for the crveablative fluid to vent or exhanst from
the mterior of the liner,

{0609} A coolant reservoir, e.g., nitrous oxide canister, may be fluidly coupled to
the handle and/or elongate shaft via a coolant valve which may be optionally controlled
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 a back pressure valve may
also include a pressure sensor where one or both of the back pressure sensor and/or valve
may also be in communication with the microcontroller.

{0010} Yet another variation of the treatment assembly may incorporate a housing
having a handle and a reservoir housing extending from and attached directly to the
handle. The sheath having the liner may extend from the housing while an actuator may
be located, for instance, along the handle to enable the operator to initiate the cryoablative
treatment. A reservoir or canister fully containing the ¢ryoablative fluid mayv be inserted
and retained within the reservoir housing. The reservoir housing andfor the handle may
further incorporate a reservour engagement control which may be actuated, e.g., by
rotating the control relative to the handle, to initially open fluid commumnication with the
reservolr or canister to charge the system for treatment.

o011} The reservolr or canister may be inserted into the reservoir housing and
into secure engagement with a reservolr or canister valve which may be coupled to the
reservoir engagement control. The valve may be adjusted to open the reservoir or
canister for treatment or for venting of the discharged crvoablative fluid during or after
treatment. An inflow modulation control unit (e.g., an actuatable solenoid mechamsm)
may be coupled directly to the reservoir or canister valve and the cryoablative fluid line
may be coupled directly to the modulation control unit and through the sheath and into
fliad communication within the liner.

6012} The modulation control unit 96 may be in electrical commumcation with
the microprocessor or controller via an electrical hue, The inflow of the eryoablative
fluid contained within the reservoir or canister may flow through an inflow ling within the
canister and throngh the reservorr or canister valve and modulation control unit and into
cryoablative fluid Hine for introdaction within the liner via infasion line. One or more
pressure measurement Hnes which are m fluid communication with the nterior of the
liner may extend through the sheath and m communication with corresponding pressure

3
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sensors which m turn are 1n electrical communication with microprocessor or controfler
via electrical hines. The pressure sensed by the measurement hnes mayv be due (at least in
part} to the expansion of the cryoablative fluid {e.g., nitrous oxide} which contacts the
mterior walls of the liner. Hence, microprocessor or controller may actively control the
modulation control unit i a corresponding manner based on the detected pressure values
within the liner sensed via pressure sensors.

0013} To maxumize patient comfort, the hner may be mitially mflated with air to
about, e.g., 140 mmHg, prior to the infusion of the cryoablative fluid. However, once the
cryoablative fluid is introduced into the hiner, the transition from air to the cryoablative
fluid may create a brief fluctuation in the intracavitary pressure, e.g., spike or dip 1n the
pressure. For istance, the pressure with which the crvoablatve fluid s inroduced may
initially be relatively higher, e g, about 140 mmHg. Over the course of the treatment
procedure, e.g., 150 second, the pressure within the liner may resalt in a relatively lower
presswre, e.g., about 95 mmHg.

0014} Hence, the internal pressure within the liner during treatiment may be
controlled by the microprocessor or controller which may modelate the reservoir or
canister valve via the modulation control unit {e g, a solenoid valve or other mechanism)
10 response to the intracavitary pressures sensed by the pressure sensors. This closed-
loop system may incorporate, for instance, doal pressure measuring tubes and
corresponding sensors as both a redundant safety system and to also identify possible
erroneous data points. The closed-loop control system can be controlled by a PID or non-
PID software algorithm via the microprocessor or controller. Additionally, the
modulation control unit may be used controlled by the microprocessor or controller to
control the flow rate of the cryoablative fluid duning the treatment procedure to optimize
ablation depth and minimize the amount of cryoablative fluid needed.

{0015} During or after the treatment procedure, the discharged cryoablative fluid
evacuated from the imerior of the hiner passes through the exhaust line which may run
throngh the handle and reservoir housing. Hence, a system for ensuring that the
discharged crvoablative Hlnid passing through the exhaust line 1s fully evaporated can be
mcorporated into the treatment assembly. A liguid exhaust trap which also functions as a
heatsink for converting any present liguid cryogen into a gas may be integrated, for
instance, directly into the reservoir housing or handle. Because the liquid exhaust trap
functions as a heatsink, the trap may be fabricated from a thermally conductive matenal
which also has a relatively large heat capacity, e.g., alumimun, copper, or other metals.

4
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In ather variations, plastics such as polvearbonate (which generally have heat capacities
greater than metals such as aluminom but relatively lower thermal condoctivity values)
may alse be utilized for fabricating the hquid exhaust trap. During use, as the discharged
cryoablative fluid from the liner passes through the exhaust line and into the fluid wap
portion of liquid exhaust trap, any liquid form of the cryoablative fluid may collect within
the fluid trap while the gaseous form may continue 1o be vented through the exhaust
lumen and out through the evaceating exhaust hine. The captured liguid may be
subsequently warmed enough by contact with the liquid exhaust trap to turn into a
saseous form for venting through the exhaust hine.

j0016] With the discharged cryvoablative fluid in a completely gaseous state, the
evacuating exhaust line may be vented to the swrrounding environment or optionally
coupled to a scavenging systam to collect the discharged gas to lunit exposure. Such
scavenging collection systems may incorporate features such as orifices or valves to
prevent any vacuum applied by the scavenging unit from mterfering with the
backpressure within the treatment device.

{6017} In further controlling the flow of the crvoablative flurd within the
treatment assembly, the reservoir or canister valve which is coupled directly to the
TESETVOLr OF canister may also incorporate a number of flow control features. One
variation of the reservoir or capister valve may include an integrated reservoir lnmen
insert extending from the reservoir interface for divect sertion juto the reservoir or
canister to facilitate the transfer of the cryoablative fluid throngh the valve and into the
treatment assembly. A reservoir seal may be incorporated to ensure a floid tight seal
between the reservolr or canister and the reservonr interface. The valve may include a
valve body which defined pathways for normal fluid flow as well gs a venting pathway
for emptving of the reservoir or canister.

{0018} The valve body may have the reservolr inerface extending from the body
for secure engagement with the reservoir or camister {e.g., via a threaded engagement).
The valve body may further include a modulation control interface which defines an
interface seal for securely conpling (e.g., via a threaded engagement) with a modalation
control interface extending from the inflow modulation control unit. A valve stem may
be seated within a valve stem channel defined within the valve body. The valve stem
may be secured to the valve body via a threaded engagement and a valve stem seal which

ensures a fluid-tight connection between the two components. The valve stem may be
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attached to a valve stem coupler which 1s connected to the reservoir engagement control
via & control member.

(0019} Duning use, the reservolr engagement control may be rotated (e.g., about
45 degrees) about the reservoir housing and/or the handle. This in turn may rotate the
control member and valve stem coupler which further rotates the valve stem refative to
the valve body and opens the valve stem seal. The opened valve stem seal then enables
the flow of the cryoablative fhud into the reservoir lnmen insert and into the proximal
inflow fumen located proximal to the valve stem, past the opened valve stem, and into the
distal mflow lumen for further passage into the wilow modulation control unit,

{0020} Actuation of the reservoir engagement control, control member, andfor
valve stem coupler may optionally send an electrical signal to the microprocessor or
controlier that the {reatment assemibly is charged with the cryvoablative fluid and ready for
a weatment procedure. Once the treatment procedure is completed and the inflow
modulation control unit has been optionally closed to any further mflow of the
crvoablative fluid, a vent pin may be actuated or pulled relative to the valve body to
release a vent piston. With the vent pwn secured mn the valve body, the vent piston may
seal a venting fumen but with the vent pin removed, the vent piston may freely translate
refative to the valve body thus allowing any remaining cryoablative fluid within the
FESErvolr or canister to vent through the venting tumen (with the valve stem still in its
open pasition) and into the environment or into & collection reservorr, as described herem.
{0021} Yet another feature which may be optionally incorporated into the
treatment assembly for controlling or modulating the flow of the cryoablative fluid may
inclnde an actuatable dome-shaped valve located within the exhanst block at a proximal
end of the sheath. Although shown and described as a dome-shaped valve, such g valve is
one of a variety of pneumatic and/or electro-mechanical valves that may be used to open
and close the exhaust gas pathway in the assembly described heremn. The exhaust block
may comprise in part a body which defines an exhauost lumen in fhud communication
with the interior of the liner. The exhaunst lumen may also be in fluid communication
with a pump/vacuum lumen which provides a channel for air for the smtial inflation of the
liner against the tissue surface prior to infusion of the cryoablative fluid.

{0022} The valve may generally comprise a dome-shaped flexible member
attached at its periphery to the body via attachment. The flexible member may further
include a seal which extends from a central portion of the concave surface of the flexible
member. The flexible member may be located within a pressunization chamber which

&
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aormatly exerts a pressure which is less than a deflection force required to collapse the
flexible member. When the treatment assembly 15 used to mutially puft the hoer with air
to force the liner into contact with the swrrounding tissue, the air may pass through the
pump/vacuum lumen and into the interior of the liner. The air within the pressurization
chamber may also be pressurized by the same pump such that the pressure increase
collapses the flexible member and forces the seal into contact against a corresponding
sealing lip tocated at an opening of the exhanst lumen adjacent to the seal.

{0023} When the mitial pressurization of the liner has been completed, the air may
bleed out of the lumens as well out of the pressurization charaber allowing the flexible
member to reconfigure into its opened domed shape and to release the seal from the
sealing Hip. This may then allow for the exbaust from the hiner interior to flow through
the exhaust lumen, through an exhaust chamber, and further into an exhaust lumen for
venting from the treatment assembly,

j0024] In further facilitating a treatment procedure, the liner may also be
configared to aid in its removal from the underlying tissue after a crvoablation treatment.
After the tissue has been freated, the liner may remain frozen on the anderlying utenine
tissue preventing removal of the liner from the patient’s bedy for up to several munutes.
The hner may be left 10 the patient for a period of time after the crvosblation treatment
until the tissue thaws as pulling the liner from the tissue prematurely may tear the liner;
however, leaving the hner in place may increase patient discomfort. Hence, to faciliiate
removal of the liner from the underlying frozen tissue, a number of different warming
technigues may be optionally implemented.

{0025} Cuculating a warm or room temperature fhud within the liner is one
method for thawing the liner and adjacent tissue to expedite the removal of the liner. A
gas (e.g., air, expanded helium, etc.) may be used instead of a hquid as a warming gas
may prevent the creation of a solid which could potentially block the exhaust gas
pathway. Additionally, use of a wanming gas may also slow the boiling-off of any
remaining crvoablative flnid as botling-off the cryoablative fluid too quickly could create
a pressure spike within the Bner. A Higoid with a freezing pomt lower than the boiling
point of the crvoablative fluid, such as nitrous oxide, may be utilized. 1t may also be
possible to use a liquid which has a relatively higher boiling point than the cryoablative
flund provided that all of the cryoablative fluid has previously boiled-off. Closing the
actuatable valve within the exhaust block and measuning the pressure mside the liner is
one way to detect if any of the cryoablative flwid remains where an mcerease 1 pressure

wa
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would indicate the presence of hquid cryoablative fluid still boiling~-off. Aside from
forming an tntegrated fhud lumen into the hoer, other mechanisms mav instead be
utilized to facilitate liner removal from the contacted tissue.

{0026} In these examples and any of the variations herein, a wire or heating
element which may be warmed or energized (e.g., infrared) may be located on the probe
shaft or positioned within the liner interior. Once the wweatment procedure has been
completed, the wire or heating element may be activated to warm the liner and the
adjacent comtacted tissue to facilitate the thawing of the tssue for removal of the liner.
{0627} Additionally andfor alternatively, the liner may be comprised of a
lubricious lingr or a separate noa-stick coating may be applied to the liner exterior. Itis
not unconunon for polymers such as urethanes, especially thin films, to stick together i
tightly-packed during sterilization, transportation and storage. The liner, being a thin
polvurethane film compressed into g sheath, may employ 8 lnbricious material or surface
to ensure that the Hner fully deploys and inflates following unsheathing.

[0028} Becaunse optimal ablation coverage and depths may not be uniform over
the entire contacted tissue region, the hiner may be adjusted in thickness over particular
regions of the liner to insulate predetermined tissue regions to result in tailored ablations.
Ablation depths may be shallower where the liner 15 relatively thicker due to less efficient
thermal transfer across the thicker areas.

0029} In yet another variation, the Hner may be designed with one or more
predetermined weak points. [f excessive tension were applied to the liner while it is
frozen to tissue, the liner could tear. By locating one or more weakened regions of the
liner near, e.g., the proximal connection to the probe shaft, the Hner may be designed to
tear specifically at the designated weakened regions which mav make retrieval of the
detached liner as a single piece relatively easter once the tissue fully thaws. In vet
another variation of the liner, the liner may be separated into several individual liners in a
multi-liner assembly.

[0030] In any of the variations described herein, the cooling probe may optionally
include a compressible tip having a collapsible opening dehined through the tip, The
compressible tip mav be positioned upon the distal tip of the probe located within the
mterior of the liner. Because the probe may be translatable within the liner and relative to
the sheath, the tip may present a soff and atraumatic surface i the event the probe s
advanced into contact against the mterior of the liner and underlying tissue surface to
prevent Hiner tears or trauma to the vienne tissue.

&
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0031} During a eryotherapy treatment, it is desirable to control the amount of the
eryoablative fluid delivered into and through the bner. A few of the parameters which
may affect the How rate and volume of the cryoablative {luid discharged from the
reservodr or canister may include temperature of the treatment assembly and reservoir or
canister as well as ambient temperature in which the assembly is used as such
temperatures can affect the internal pressure of the reservoir or canister. One method for
controlling the starting cryogen pressure 1s by designing the system 1o operate at the high
end of the temperature range and heating the reservoir or canister to a specified
temperature and corresponding wternal pressure. The beat could be supphied by a various
mechanisms such as an electrical heating element wrapped around the reservoir or
camister. In one vaniation, the electrical power for the heating element could be provided
by a battery within the device itself.

{0632} In another variation, the electrical power may be provided by a heating
cradie prior to device use. A separate warming cradle may define a recerving channel
sized to receive the reservoir housing of the treatment assembly. The cradle may further
include an electrical connector connected {0 an optional power supply (DC) {which may
be recharged) and/or the cradle may be electrically connected to a stationary power
supply via a power supply {AC) line. The cradle mav also incorporate an optional
stabilizing weight to provide for stability when the treatment assembly is docked within
the recerving channel.

{0633} The weatment assembly itself may incorporate a heating element (e.g., a
resistive heating element) which mav be wrapped pamially or entively around the reservoir
or canister. A laver of msulation may also be provided around the reservoir or canisier to
provide for a thermally stabilized warming enviromment. A temperature sensor {(e.g.,
thermocouple, thermistor, etc.) may also be meorporated for thermal contact with the
reservoir or canister for sensing the canister temperature. An electrical connector may be
located correspondingly along the reservoir housing for electrically contacting the
electrical connector positioned upon the cradle such that the cradle may provide electrical
power to the treatment assembly when docked within the cradle recetving channel,

{0034} With the heating element and temperature sensor so coupled to the
microprocessor or controller, the heating assembly may form a closed-loop system where
the microprocessor or controlier may be programmed via a software algorithm to control
the electrical power supplied to the heating element depending upon the measured
terperature of the temperature sensor such that the reservoir or canister 1s heated to a

9
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predetermined temperature or maintaimed within a predetermined temperature range prior
to a eryvotherapy treatment. The msulation may accordingly slow the rate of cooling of
the reservoir or canister and alse extend the avaulable time between the removal of the

treatment assembly from the cradle and the initiation of the treatment.

BRIEF DESCRIPTION OF THE DRAWINGS

{0035} Fig. 1A shows a side view of an inteprated treatment assenbly.
{0036} Fig. 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.

{0637} Fig. 1C shows a perspective view of a cryoablation assembly having a
handle assembly which may mtegrate the electronics and purp asserably within the
handle nself

[0038] Fig. 1D shows the bandle assembly in a perspective exploded view
iHlustrating some of the components which may be mntegrated within the handle.

{0639} Fig. 1E shows an example of the svstern operation during a pre-treatment

puff up process.

{0040} Fig. 1¥ shows an example of the svsten operation during a treatment
Process.
{0041} Fig. 1G shows an example of the system operation during a thawing and

VEniing process.

{0042} Figs. 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 translatgble
delivery line.

{0043} Figs. 3A and 3B show top and perspective views of the expanded liner
with four pairs of the open delivery ports exposed i apposed direction.

0044} Figs. 4A to 4C show side and assembly views of another variation of the
treatment assembly.

{0045} Fig. 5 shows a schematic #Hlustration of a treatment assembly having a
modulated inflow valve.

j0046] Fig. 6 shows a schematic ilusiration of a treatment assembly having a

ventilation trap which also acts as a heat sink.

10
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00471 Figs. 7A and 7B show examples of collection systems which can be used
to collect the discharged lignid or gas.

(0048} Fig. 8 shows a cross-sectional side view of a cylinder valve which may be
integrated with the handle of the assembly.

{0049} Fig. 9 shows a cross-sectional side view of an actuatable exhaust valve
which may be mtegrated with the handle of the assembly.

0050} Fig. 10 shows a partial cross-sectional view of a liner having an integrated
lumen for introducing a warming liquid or gas to facilitate liner removal.

{0051} Figs. 11A and 11B show an example for fabricating the liner having the
integrated lumen.

052} Figs. 12A and 128 show respective top and side views of a liner having an
integrated tether or wire for facilitating liner removal.

{0653} Figs. 13A and 13B show respective top and side views of the tether being
tensioned and the release of the liner from the tissue surface.

0054} Fig. 14 shows a top view of another variation of the liner having a tether or
wire extending through a guide hole defined through a tab on the exterior of the hner.
{0055} Fig. 15 shows a top view of vet another variation of the liner having a
tether or wire extending through a channel dehined along the liner.

[8056} Fig. 16 shows a top view of yet another variation of the liner having a
tether or wire extending through several guide holes.

{0057} Fig. 17 shows a top view of vet another variation of the liner having a
tether or wire extending around a periphery of the lingr.

{0058} Fig. 18 shows a top view of vet another vaviation of the Imer having a
tether or wire coupled to a distal end of the exhaust tubing,

{0059} Fig. 19 shows a top view of another variation of the liner having insulated
regions defined along one or both sides of the liner.

{0060} Fig. 20 shows a top view of another variation of the liner having regions
configured to have predetermined weakened areas.

0061} Fig. 21 shows a top view of another vanation of the assembly having
multiple liners.

0062} Figs. 22A and 22B show top views of another variation of the cooling
probe having a compressible tip to present an atravmatic surface to the lner interior and

tissue surface.
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j0863] Fig. 23 shows a partial eross-sectional side view of a treatment assembly
incorporating particular materials to facilitate posttioning of a probe relative to the
interior of a deploved lmer.

{0064} Fig. 24 shows a schematic illustration of a treatment assembly optionally

including a temperature controtled cradle.

DETAILED DESCRIPTION OF THE INVENTION
{065} The cooling probe 22 as well as the balloon assembly may be vanously
configured, for instance, i an integrated treatment assembly 18 as shown in the side view
of Fig. 1A. In this variation, the assembly 10 may integrate the elongate shaft 18 baving
the liner or balloon 20 extending therefrom with the cooling probe 22 positioned
translatably within the shaft 18 and liner 28, A separate translatable sheath 12 may be
positioned over the elongate shaft 18 and both the elongate shaft 18 and sheath 12 may be
attached to a handle assembly 14, The handle assembly 14 may further comprise an

actuator 16 for controlling a translation of the sheath 12 for hiner 20 delivery and

deployment.
|0066] With the sheath 12 posttioned over the elongate shaft I8 and haer 20, the

assembly 18 may be advanced through the cervix and into the uterus £'T where the sheath
12 may be retracted via the handle assembly 14 to deploy the liner 20, as shown in Fig.
1B. As described above, once the hner 28 is mitially deployed from the sheath 12, it may
be expanded by an mitial burst of a gas, e.g., air, carbon dioxide, ete., or by the
crvoablative fluid. In particular, the tapered portions of the hiner 20 may be expanded to
gnsure contact with the uterine cornu. The handle assembly 14 mav also be used to
actuate and control a longitudinal position of the cooling probe 22 relative to the elongate
shaft 18 and hiner 20 as indicated by the arrows.

{0067} In another variation of the treatment assembly, Fig. 1C shows a
perspective view of a cryoablation assembly having a bandle assemibly 24 wlich may
integrate the electronics and pumyp assembly 28 within the handle tiself. An exhaust tube
26 may also be seen attached to the handle assembly 24 for evacuating exhausted or
excess cryoablative Thud or gas from the liner 20, Any of the ¢ryoablative fluids or gases
described herein may be utilized, e.g., compressed liquid-to-gas phase change of a
compressed gas such as nitrous oxide {(N,O), carbon dioxide (CO4), Argon, etc. The

cooling probe 22 may be seen extending from sheath 12 while surrounded or enclosed by
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the liner or balloon 20. Hence, the handle assembly 24 with coupled cooling probe 22
and hiner 26 may provide for a single device which may provide for pre-treatment puti-up
or inflation of the lmer 20, active cryoablation treatment, and/or post-treatinent thaw
cycles.

j0068] The handle assembly 24 may also optionally Incorporate a display for
providing anv number of indicators andfor alens to the user. For mstance, an LCD
display may be provided on the handie assembly 24 {or to a separate control unit
connected to the handle assembly 24) where the display counts down the treatment time
1 seconds as the ablation is occwring. The display may also be used to provide
measured pressure of temperature readings as well as any number of other indicators,
symbols, or text, etc., for alerts, instructions, or other indications. Moreover, the display
may be configured to have multiple color-coded outputs, e.g., green, vellow, and red.
When the assembly is working through the ideal nse case, the LED may be displaved as a
solid green color. When the device requires user input (e.g. when paused and needing the
user to press the button to re-start treatment) the LED may flash or display vellow.
Addittonally, when the device has faulted and treatment 1s stopped, the LED may flash or
display a solid red color.

{0669} Fig. 1D shows the handle assembly 24 in a perspective exploded view to
itlustrate some of the components which may be integrated within the handle 24. As
shown, the hiner 20 and sheath 12 may be coupled to a sheath bearing assembly 32 and
stider base block assembly 34 for controlling the amount of exposed treatment fength
along the cooling probe 22 (and as described in further detail below). An actuatable
sheath conirol 36 may be attached to the slider base block assembly 34 for manually
controlling the treatment length of the cooling probe 22 as well. Along with the
electronics and pump assembly 28 {which may optionally incorporate a progranmunable
processor or controller in electrical communication with any of the mechanisms within
the handle 24), an exhaust valve 38 {e.g., actuated via a solenoid) may be coupled to the
exhaust ling 26 for controlling not ouly the cutflow of the exhausted cryvoablation fluid or
zas hut also for creating or increasing a backpressure during treatment, as described in
further detail below.

{0670} In one example of how the handle assembly 24 mayv provide for treatment,
Figs. 1E to 1G ilustrate schematic side views of how the components may be integrated
and utilized with one another. As described herein, once the sheath 12 andior hiner 20 has
been advanced and mnitially introdaced into the pierus, the liner 20 may be expanded or
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inflated m a pre~treatment puff up to expand the liner 20 into contact against the uterine
tissue swrfaces in preparation for a cryoablation treatment. As illustrated i the side view
of Fig. 1E, a pump 38 integrated within the handle assembly 24 may be actuated and a
valve 42 (e.g., actuatable or passive) fluidly coupled to the pump 38 may be opened (as
indicated schematically by an “0O7 over both the pump 38 and valve 42} such that ambient
air mav be drawn in through, e.g., an air filter 40 integrated along the handle 24, and
passed through an air ine 44 withmn the handle and to an exhaust block 46, The exhaust
block 46 and air line 44 may be fluidly coupled to the rubular exhaust channel which
extends from the handle 24 which is further aitached to the cooling probe 22, As the air
is introduced into the interior of the liner 20 (indicated by the arrows), the lner 20 may be
expanded into comtact against the surrounding wterine tissue surface.

{6071} A cryoablative fluid Line 48 also extending into and integrated within the
handle assembly24 may be fluidly coupled to an sctuatable valve 58, e g, actuated via a
solenoid, which may be manually closed or automatically closed {as indicated
schematically by an “X" over the valve §6) by a controller to prevent the introduction of
the eryvoablative fhud or gas mnto the liner 20 dunng the pre-treatment liner expansion.

An mfusion Line 52 may be fluidly coupled to the valve 58 and may also be coupled along
the length of the sheath 12 and probe 22, as described in further detail below. The
exhaust valve 30 coupled to the exhaust line 26 may also be closed (as indicated
schematically by an “X” over the valve 30) manually or automatically by the controller to
prevent the escape of the air from the exhaust block 46,

{0672} During this initial liner expansion, the liner 20 may be expanded in a
gradual and controfled manner to minimize any pain which may be experienced by the
patient in opening the yterine cavity, Hence, the liner 20 may be expanded gradually by
metering in small amounts of air. Optionally, the pump 38 may be programmed and
controlled by a processor or microcontroller to expand the liner 20 according to an
algorithm {e.g., e.g. ramp-~up pressure quickly to 10 mm 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 liner 28 may be expanded to a volume which is just sufficient to 1ake
up space within the uterine cavity. After the initial increase in pressure, the pressure
within the liner 20 may be optionally increased in bursts or pulses. Moreover,
visualization {e.g., via a hysteroscope or abdomunal ultrasound) may be optionally used
during the controlled gradual expansion to determine when the uterine cavity is fally open

and requures vo further pressunzation. In yet another vanation, the liner 28 may be
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cyclically inflated and deflated to fully expand the liner. The mnflations and deflations
may be partial or full depending vpon the desired expansion.

(0073} In vet another alternative vanation, the system could also use an amount of
air pumped into the liner 20 as a mechanism for detecting whether the device s in a false
passage of the body rather than the uterine cavity to be treated. The system could use the
amount of time that the pump 38 is on 1o track how much air has been pushed into the
limer 20, If the pump 38 fails to reach certain pressure levels within a predetermined
period of time, then the controller may indicate that the device is positioned within a false
passage. There could also be a himit to the amount of air allowed to be pushed into the
liner 20 as a way to detect whether the probe 22 has been pushed, e.g., out into the
peritoneal cavity. 1f too much air is pushed into the hiner 20 {e.g., the volume of air
tracked by the controller exceeds a predetermined level) before reaching certain
pressures, then the controller may indicate the presence of a leak or that the liner 20 is not
fully constrained by the uterine cavity. The liner 28 may also incorporate a release
feature which is configured to rupture if the liner 20 is not constrained such that if the
svstem attempts to pump up the hiner 20 to treatment pressare {e.g., 140 mmHg). the
release feature will rupture before reaching that pressure.

{0074} Once the liner 20 has been expanded sufficiently into contact against the
aterine tissue surface, the cryoablation treatment may be nitiated. As shown in the side
view of Fig. 1F, the air pump 38 may be turned off and the valve 42 may be closed (as
indicated schematically by an “X” over the pump 38 and valve 42) to prevent any further
infusion of air into the liner 28, With the cryvoablative fluid or gas pressurized within the
line 48, valve 50 may be opened {as indicated schematically by an “07 over the valve 5)
o allow for the flow of the crvoablative fluid or gas to flow through the infusion line 52
coupled to the valve 84, Infusion hine 82 may be routed through or along the sheath 12
and along the probe 22 where it may introduce the crvoablative finid or gas within the
mterior of liner 20 for infusion agamst the liner 20 contacted against the surroanding
tissue surface.

0875} During treatment or afterwards, the exbaust valve 30 may also be opened
{as indicated schematically by an “O” over the valve 30} to allow for the discharged fluid
or gas to exit or be drawn from the hner interior and proximally through the cooling probe
22, such as through the distal tip openmng. The fluid or gas may exit from the liner 28 due
to a pressure differential between the liner interior and the exhaust exit andfor the fluid or
gas may be actively drawn out from the hiner mtenior, as described in further detail heremn.
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The spent fluid or gas may then be withdrawn proximally through the prabe 22 and
through the lumen surrounded by the sheath 12, exhaust block 46, and the exhaust tube 26
where the spent fluid or gas may be vented. With the treatment fluid or gas thus
mtroduced through infusion line 82 within the liner 20 and then withdrawn, the
cryoablative treatinent may be applied uninterrupted.

{8076} Once a treatment has been completed, the tissue of the wterine cavity may
be permitted to thaw. During this process, the cryoablative fluid delivery is halted
through the infusion line 52 by closing the valve 38 {as indicated schematically by an “X”
over the valve 503 while continuing to exhaust for any remaining cryoablative fluid or gas
remaining within the liner 20 through probe 22, through the lumen surrounded by sheath
12, and exhaust line 26, as shown in Fig. 1G. Optionally, the pomp 38 and valve 42 may
be cycled on and off and the exbaust valve 30 may also be cycled on and off to push
ambient air into the liner 20 to facilitate the thawing of the liner 20 to the uterine cavigy.
Optionally, warmed or room temperature air or fluid (e.g., saline) may also be pumped
into the liner 20 1o further facilitate thawing of the tissue region.

{0077} As the spent cryoablative fluid or gas is removed from the hiner 28, a dnp
prevention system may be optionally incorporated into the handle. For mnstance, a passive
system incorporating a vented trap may be integrated into the handle which allows
exhaust gas to escape but captures any vented Hiquid. The exhaust line 26 may be
elongated to allow for any vented liquid to evaporate or the exhaust line 26 may be
convoluted to increase the surface area of the exhaust gas tube to promote evaporation.
{0078} Alternativelv, an active system may be integrated into the handle or
coupled to the handle 24 where a heat sink may be connecied to a temperature sensor and
electrical circuit which is controlled by a processor or muicrocontroller. The heat sink may
promote heat transter and causes any liquid exhaust to evaporate. When the temperature
of the heat sink reaches the boiling temperature of, e.g., nitrous oxide {around -86 °C), the
handle may be configured to slow or stop the delivery of the crvoablative fluid or gas to
the uterine cavity.

0879} 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. 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 varving combinations depending upon the desired results.
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[0080} Additionally and/or optionally, the handle 24 may incorporate an
ortentation sensor to factlitate mamtaining the handle 24 n a desirable ortentation for
treatment. One variation may mcorporate a ball having a specific weight covering the
exhaust line 26 such that when the handle 24 is held in the desirable upright orientation,
the treatment may proceed uninterrupted. However, if the handle 24 moved out of its
desired orientation, the ball may be configured to roll out of position and trigger a visual
and/or auditory alarm to alert the nser. In another variation, an electronic gyroscopic
sensor may be used to maintain the handle 24 in the desired oriemation for treatment.
{0081} Figs. 2A and 2B show cross-sectional side views of yet another variation
of a cooling probe which utilizes a single infusion bing in combination with a transiatable
delivery lime. To accommodate various sizes and shapes of wterine cavities, the cooling
probe may have a sliding adjustment that may be set, e.g.. according to the measured
length of the patient’s uterine cavity. The adjustment may move along the sheath along
the exhaust tube as well as the delivery line within the infusion line. The sheath may
constrain the liner 20 and also control its deployment within the cavity,

[6082] In this variation, an mfusion hne 52 (as described above) may pass from
the handle assembly and along or within the sheath and into the mterior of liner 28. The
infusion line 52 may be aligned along the probe 22 such that the infusion line 32 s
parallel with a longitudinal axis of the probe 22 and extends towards the distal tip 66 of
the probe 22, Moreover, the infusion line 52 may be positioned along the probe 22 such
that the line 52 remains exposed to the corners of the liner 20 which extend towards the
cornua. With the infusion ling 52 positioned accordingly, the length of the line §2 within
the liner 20 may have multiple openings formed along its length which act as delivery
ports for the infused crvoablative flud or gas. A separate translating delivery hine 64,
e.g., formed of a Nitinol tube defining an infusion hwnen therethrough, may be shdably
positioned through the length of the infusion line 32 such that the delivery line 64 may be
moved {as indicated by the arrows in Fig. 2A) relative to the infusion line 52 which
remains stationary refative to the probe 22.

0083} The openings along the length of the mfusion line 52 may be positioned
such that the openings are exposed to the sides of the mterior of the liner 20, e g, cross-
drilled. As the cryoablative fluid or gas 1s introduced through the delivery line 64, the
infused cryoablative fluid or gas 68 may pass through the infusion line 52 and then out
through the openings defined along the infusion line 32, By adjusting the translational
position of the delivery line 64, the delivery line 64 may also cover a selected number of
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the openings resulting m a number of open delivery ports 60 as well as closed delivery
ports 62 which are obstructed by the delivery line 64 position relative to the infusion hine
82, as shown in the top view of Fig. 28.

{0084} By translating the delivery line 64 accordingly, the number of open
deltvery ports 60 and closed delivery ports 62 may be adjusted depending on the desired
treatment length and further ensures that only desired regions of the uterine tissue are
exposed to the mfused crvoablative {luid or gas 68. Once the number of open delivery
ports 60 has been suitably selected, the infused cryoablative fluid or gas 68 may bypass
the closed delivery ports 62 obstructed by the delivery hine 64 and the fluid or gas may
then be forced out through the open delivery ports 68 In a transverse direction as
indicated by the infusion spray divection 70. The terminal end of the infusion line 52 may
be obstructed to prevent the distal release of the infused fluid or gas 68 from its distal end.
Although i other variations, the terminal end of the infusion line 52 may be left
unobstructed and opened.

j0085] Figs. 3A and 3B show top and perspective views of the expanded liner 20
with four pairs of the open delivery ports 60 exposed in apposed direction. Because the
infused fluid or gas 68 may be injected into the lmer 208, e g., as a liquid, under relatively
hugh pressure, the injected crvoablative iquid may be sprayed through the open dehvery
ports 68 in a transverse or perpendicular direction relative to the cooling probe 22. The
laterally infused crvoablative fluxd 70 may spray against the interior of the tiner 20 {which
is contacted against the surrounding tissue surface) such that the cryoablative liquid 78
coats the interior walls of the liner 20 due to turbulent flow causing heavy mixing. As the
cryoablative hiquid 70 coats the liner surface, the sprayed hquid 78 may absorb heat from
the tissue walls causing rapid cooling of the tissue while also evaporating the Hiquid
cryogen to a gas form that flows out through the cooling probe 22. This rapid cooling and
evaporation of the cryoablative liquid 78 facilitates the creation of a fast and deep
ablation over the tissue. During treatment, the temperature within the cavity typically
drops, e.g., -86° C, within 2-3 seconds after the procedure has started. While the imerior
walls of the hner 20 are first coated with the cryoablative liquid 78, a portion of the
cryoablative liquid 70 may no longer change phase as the procedure progresses.

{0086} While four pairs of the open delivery ports 60 are shown, the number of
exposed openings may be adjusted to fewer than four pairs or more than four paus
depending on the positioning of the delivery line 64 and also the number of openings
defined along the infusion Iime 52 as well as the spacing between the openings.
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Meoreover, the positioning of the openings may also be adjusted such that the spraved
Liquid 78 may sprav in alternative directions rather than laterally as shown, Additionally
and/or alternatively, additional openings may be defined along other regions of the
infusion line §2.
{0687} Further variations of the treatment assembly features and methods which
may be utilized in combination with any of the features and methods described herein
may be found in the following patent applications:

US Pat. App. 13/361,779 filed January 30, 2012 (US Pub. 2012/0197245);

US Pat. App. 13/900.916 filed May 23, 2013 (US Pub. 2013-0296837),

US Pat. App. 147019898 filed Septemiber 6, 2013 (US Pub. 2014/0012156);

US Pat. App. 14/019,928 filed September 6, 2013 {US Pub. 2014005648},

US Pat. App. 14020265 filed September 6, 2013 (US Pub. 2014/0003649);

US Pat. App. 14/020,306 filed September 6, 2013 (US Pub. 2014/0025055);

US Pat. App. 14/020.350 filed September 6, 2013 (US Pub. 2014/0012244);

US Pat. App. 14/020,397 filed September 6, 2013 (US Pub. 2014/0012243);

US Pat. App. 14020452 hled September 6, 2013 (US Pab. 2014400036350);

US Pat. App. 14/086,050 filed November 21, 2013 (US Pub. 2014/0074081 ),

US Pat. App. 14/086.088 filed November 21, 2013 (US Pub. 2014/0088579}; and

US Pat. App. 14/029,641 filed September 17, 2013,
| 0088} Each of the patent applications above s incorporated herein by reference
in its entirety and for any purpose herein.
{0089} Yet another variation of the treatment assembly 88 is shown in the side
and partial cross-sectional side views of Figs. 4A and 4B which llustrate a housing 82
having a handle 84 and a reservoir housing 88 extending from and attached divectly to the
handle 84, Fig. 4C further 1Hustrates a perspective assembly view of the treatment
assembly 80 and some of its components contained internally.
{0090} The sheath 12 having the liner 20 may extend from the housing 82 while
an actuator 86 may be located, for instance, along the handle 84 to enable the operator w0
initiate the cryoablative treatment. A reservowr or canister 92 fully containing the
cryoablative agent (as described herein) may be inserted and retained within the reservoir
housing 88. The reservolir housing 88 and/or the handle 84 may further mcorporate a
reservoir engagement control 98 which may be actuated, e.g., by rotating the control 26
relative to the handle 84, to initially open flud communication with the reservoir or
camister 92 to charge the system for treatment.
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o091} The reservoir or canister 92 may be inserted into the reservoir housing 88
and Into secure engagement with a reservoir or canister valve 94 which may be coupled to
the reservoir engagement control 98, The valve 94 may be adjusted to open the reservolr
or canister 92 for reatment or for venting of the discharged cryoablative agent during or
after treatment. An inflow modulation control unit 96 {e.g., an actuatable solenod
mechanism) may be coupled directly 1o the reservoir or canister valve 94 and the
cryoablative flnd hine 48 may be coupled directly to the modalation control unit 96 and
through the sheath 12 and mto fluid communication within the liner 20, as described
herein.

[0092} During or after treatment, the discharged crvoablative fluid may be
evacuated through the exhaust block 46 contained within the housing and then through
the exhaust line 98 coupled to the exhaust block 46. The exhaust line 98 may extend
through the handle 84 and the reservoir housing 88 and terminate at an exhaust line
opening 108 which may be attached to another exhaust collection line, as further
described herein.

(6093} INFLOW MODULATION CONTROL

{0094} The reservoir or canister valve 94 and modulation control unit 96 are
further iHlustrated 1 the schematic view of Fig. S which shows the modulation control
unit 96 in electrical communication with microprocessor or controtler 110 {which may be
part of the electronics and pump assernbly 28) via electrical hine 116, As shown, the
inflow of the cryoablative agent 128 contained within the reservoir or canister 92 may
flow through an inflow line 122 within the canister 92 and through the reservoir or
canister valve 94 and modulation contrel unit 96 and into eryoablative fluid line 48 for
mtroeduction within the hner 20 via infusion hne 82, as described herein,

{0095} One or more pressure measurement lines 118 which are m fluid
communication with the interior of the liner 20 may extend through the sheath 12 and in
communication with corresponding pressure sensors 112 which in turn are in electrical
conwnuication with microprocessor or controtler 110 via electrical lines 114, The
pressure sensed by the measurement lines 118 may be due {at least in part) 1o the
expansion of the cryoablative agent 128 (e.g., nitrous oxide) which contacts the mterior
walls of the liner 20, as described herein. Hence, microprocessor or controller 118 may
actively control the modulation controf unit 96 in a corresponding manner based on the

detected pressure values within the liner 20 sensed via pressure sensors 112,
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[0096] It is desirable o control the pressure within the liner 28 when positioned
within the uterine cavity to minimize patient discomfort while stmultancously ensuring
that the liner 20 remains fully deployed and in contact with the endometnal tissue. A
pressure of about, e.g., 140 mmHyg, is near the maximum pressure typically used during a
hysteroscopy and 1s well-tolerated by most patients. However, other endometrial ablation
devices mayv have operating pressures of up to 180 mymHg to 220 munHg (or more) but
such therapies typically require that the patients recetve sedation due to hyperthermic
ablation and high uterine pressures.

{0097} Hence, to maximize patient comfort, the liner 20 mayv be initially inflated
with air to about, e.g., 140 mmHg, prior to the infusion of the crvoablative agent 120, as
also described herein. However, once the eryo crvoablative genic agent 120 is introduced
into the lner 28, the fransition from air to the cryeablative agent 120 may create a brief
fluctnation in the intracgvitary pressyre, .., spike or dip in the pressure. For instance,
the pressure with which the cryoablative agent 128 is introduced may imtially be

relatively higher, e.g., about 1530 mmHg. Over the course of the treatment procedure,

~

e.g., 150 second, the pressure within the hner 20 may result in a relatyvely {ower pressare,

Lt

e.g., about 93 mmHg.

{0098} Various factors may have an influence on the pressure fluctuation over the
course of the trearment procedurs. For example, the initial pressure within the reservoir
or camister 92 {e.g., nitrous oxide cvlinder or tank) may have an impact on the pressure
within the Hner 20 during trearment. Conditions such as ambient temperature and/or
temperature of the reservoir or canister may also have an influence. For instance, the
warmer the device temperature, the greater the cylinder presswre and cryoablative agent
128 flow rate and, correspondingly, the greater the intrauterine pressure.

{0099} Hence, the intemal pressure within the liner 28 during treatment may be
controlled by the microprocessor or controller 110 which may modulate the reservoir or
canister valve 94 via the modulation control unit 96 {e.g.. a solenoid valve or other
mechanism) in response to the intracavitary pressures sensed by the pressure sensors 112,
This closed-loop system may incorporate, for instance, dual pressure measuring tubes 118
and corresponding sensors 112 as both a redundant safety system and to also identify
possible erroneous data points. The closed-loop control system can be controlled by a
PID or non-PID software algorithm via the microprocessor or controlier 118
Additionally, the modulation control unit 96 may be used controlled by the
microprocessor or controller 110 to control the flow rate of the cryoablative agent 120
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during the treatment procedure to optinnze ablation depth and minimize the amount of
cryoablative agent needed.

{1100] EVACUATION CONTROL

{0101} During or after the treatment procedure, the discharged cryoablative agent
£26 evacuated from the interior of the liner 20 passes through the exbaust line 98 which
may run through the handle 84 and reservoir housing 88, as further shown in the
schematic ilustration in Fig. 6. At some pomt during a cryoablation procedure, it may
not be uncommon for the cryoablative agent still in a liquid phase to appear in the exhaust
gas passing through exhaust line 98, Having the exhaost remain in droplets of hquad
aitrous oxide could potentially pose a hazard to patients by coming into contact with the
patient’s or user’s skin and larger drops of the liquid cryoablative agent could potentially
cause burns. Hence, a system for ensuring that the discharged cryoablative agent passing
through the exhaust line 98 is fully evaporated can be incorporated into the treatment
assembly.

{0102} In the variation shown, a liquid exhaust trap 130 which may also function
as a heatsink for converting any present hquid oryogen into a gas may be integrated, for
instance, directly into the reservorr housing 88 or handle 84. Such a liquid exhaust trap
136 may generally include a fluid trap 134 near the bottom portion of the hqwd exhaust
trap 130 where the exhanst line opening 100 may be positioned. An exhaust tumen 132
may extend within the liguid exbaust trap 130 from the Huid trap 134 and the exhaust
lumen 132 may forther define an opening which is clear of anv fluid which may collected
within the floid trap 134, An evacuating exhaust Hine 140 may be coupled to an opening
138 in commurication with the exhaast lumen 132

{0103} Because the liquid exhaust trap 130 may function as a heatsink, the wap
136 may be fabricated from a thermally conductive material which also has a relatively
large heat capacity, e.g., aluminom, copper, or other metals. In other variations, plastics
such as polycarbonate (which generally have heat capacities greater than metals sach as
aluminum but relatively lower thermal conductivity values) may also be wtdized for
fabricating the hqud exhaust trap 130, Other factors such as weight and mannfactuning
processes are further considerations in designing the hiquid exhaust trap 130.
Additionally, a fan may also be incorporated mto the liquid exhaust trap 130 to facilitate
thermal energy exchange with the envivonment. During use, as the discharged
crvoablative agent from the liner 20 passes through the exhaust hine 98 and into the fluid
trap 134 portion of hqud exhaust trap 130, any haquid 136 form of the cryoablative agent

&
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may collect within the fluid trap 134 while the gasecus form may continue to be vented
throngh the exhanst lumen 132 and out through the evacuating exhaust line 148, The
captured hquid 136 may be subsequently warmed enough by contact with the liquid
exhaust trap 130 to turn into a gaseous form for venting through the exhaust lumen 132.
{6104 Additionally andfor alternatively with respect to the liquid exhaust trap
139, the evacnating exhaust line 140 may form a length of tubing, e.g., 5 fi., which may
optionally be convoluted m configaration and which could be used to provide sufficient
surface area and a pathway to facilitate heat exchange with the environment and promote
the evaporation of any liquid cryoablative agent.

{8105} With the discharged cryoablative agent in a completely gaseous state, the
evacuating exhaust line 140 may be vented to the surrounding environment or optionally
coupled to a scavenging system to collect the discharged gas to lunit exposure. Figs. 7A
and 7B show assembly views of examples of collection bags which may be optionally
used with the treatment assembly. Scavenging systems may incorporate features such as
orifices or valves to prevent any vacuum applied by the scavenging unit from interfering
with the backpressure within the treatment device.

{1106} Fig. 7A shows an inflating collection bag 150 which 1s expandable in
width coupled to the evacuating exhaust line 140 via a disconnect valve 152 {e.g..
unidirectional valve}. The collection bag 156, which may be reusable or disposable, mayv
be supported via a pole 156 and may also incorporate a release plug 154 which may allow
for the venting of the collected gas during or after a treatment procedare is completed.
10107} Similarly, Fig. 7B shows an accordion-tvpe collector 160 also supported
via a pole 156 and a connector 166 attached to the collector 160, The evacuating exhaust
line 148 may be removably coupled to the collector 160 via a disconnect valve 162 (e.g.,
umdirectional valve} and may also incorporate a release plug 164 for venting any
collected gas during or afier a treatment procedure. The vertically-expanding collector
£60 may define a bollow passageway through the center of the vertical bellows which
allows for the connector 166 {2.g., rigid rod or flexible cord) to pass through and support
the base of the collector 160, The counector 166 also prevests the collectar 160 from
falling over to a side when inflating. As the gas enters through the bottom of the collector

160, the bellow may inflate upward.

[6108] INFLOW AND VENTING CONTROL
{0109} In further controlling the flow of the crvoablative agent withmn the

treatment assembly, the reservolr or canister valve 94 which 15 coupled directly to the

-
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reservoir or canister ¥2 may alse incorporate a number of flow centrol features. ¥
shows a cross-sectional side view of one variation of the reservoir or canister valve 94
which may mclude an integrated reservoir lumen insert 176 extending from the reservoir
interface 172 for direct insertion into the reservoir or canister 92 to facilitate the tansfer
of the hiquid cryoablative agent through the valve 94 and into the treatment assembly. A
reservoir seal 178 may be incorporated to ensure a fluid tight seal between the reservoir
or canister 92 and the reservon interface 172, The valve 94 may include g valve body
176 which defined pathways for normal fluid flow as well as a venting pathway for
emptying of the reservoir or canister 92.

0110} The valve body 170 may have the reservoir interface 172 extending from
the body 170 for secure engagement with the reservoir or canister 92 (e.g., via a threaded
engagement). The valve body 178 may further include a modulation control interface 174
which defines an interface seal 206 for securely coupling {e.g., via a threaded
engagement} with a modulation control coupler 204 extending from the inflow
modulation control unit 96, A valve stem 186 may be seated within a valve stem channel
188 defined within the valve body 178, The valve stem 186 may be secured to the valve
body 170 via a threaded engagement 192 and a valve stem seal 190 which ensures a fluid-
tight connection between the two components. The valve stem 186 may be attached to a
valve stem coupler 196 which is connected to the reservoir engagement control 90 via a
control member 194,

{0111} During use, the reservoir engagement control 98 may be rotated (e.g.,
about 45 degrees) about the reservolr housing 88 and/or the handle 84, This in turn may
rotate the control member 194 and valve stem coupler 196 which forther rotates the valve
stem 186 relative to the valve body 178 and opens the valve stem seal 202, The opened
valve stem seal 202 then enables the flow of the crvoablative agent Into the reservoir
lumen insert 176 and into the proximal inflow lumen 180 located proximal to the valve
stewn 186, past the opened valve stem 186, and into the distal inflow humen 182 for further
passage inte the inflow modulation controf unit 96.

{0112} Actuation of the reservoir engagement control 99, control mermber 194,
andfor valve stem coupler 196 may optionally send an electrical signal to the
microprocessor or controller 110 that the treatiment assembly 80 is charged with the
cryoablative agent and ready for a treatment procedwre. Once the treatment procedure is
completed and the mflow modulation control unit 96 has been optionally closed to any
further inflow of the cryoablative agent, a vent pin 198 may be actuated or pulled relative
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to the valve body 178 to release a vent piston 208, With the vent pin 198 secured in the
abve body 170, the vent piston 200 may seal a venting lumen 184 but with the vent pin
198 removed, the vent piston 200 may freely translate relative to the valve body 178 thus
allowing any remaining cryoablative agent within the reservoir or canister 92 1o vent
through the venting lumen 184 {with the valve stem 186 still in its open position) and mto
the environment or into a collection reservolr, as described heremn.
{0113} Additionally, a pressure rehief mechanism 208 may be optionally
incorporated into the valve body 170 to function as a burst valve or other pressure release
wmechanism for safety purposes.
{0114} Yet another feature which may be optionally incorporated into the
treatment assembly for opening and closing the exhaust gas pathway to facilitate graduoal
pressurization of the liner and uterine cavity with filtered air as well as the application of
vacuum to the liner and nterine cavity following the infusion of the crvoablative fluid
may be seen in the partial cross-sectional side view of Fig. 9 which ilfustrates an
actuatable dome-shaped valve located within the exhaust block 46 at a proximal end of
the sheath 12, The exhaust block 46 may comprise in part a body 210 which defines an
exhaust lumen 212 in fluid communication with the interior of the liner 20. The exhaust
lumen 212 may also be in flud communication with a pump/vacuam lumen 214 which
provides a channel for air for the initial inflation of the liner 20 against the tissue surface
prioy to infusion of the cryoablative agent,
{0115] Although shown and described as a dome-shaped valve, such a valve is
one of a variety of pneumatic and/or electro-mechanical valves that may be used to open
and close the exhaust gas pathway in the assembly described herein. The valve may
generally comprise a dome-shaped flexible member 220 attached at its periphery to the
body 210 via attachment 226, The flexible member 220 may further include a seal 224
which extends from a central portion of the concave surface of the flexibie member 220
The flexible member 220 may be located within a pressurization chamber 222 which
normatly exerts a pressure which is less than a deflection force required to collapse the
flexible member 2200 When the treatment assembly 1s used to inttially pulf the hiner 20
with air to force the Hiner 20 into contact with the survounding tissue, the air may pass
through the pump/vacuum lumen 214 and mnto the interior of the liner 20. The air within
the pressurization chamber 222 may also be pressurized by the same pump such that the

pressure increase collapses the Hlexible member 220 and forces the seal 224 mto contact
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LA



LA

10

o
(¥4

WO 2015/156914 PCT/US2015/017585

against a corresponding sealing lip 228 focated at an opening of the exhaust lamen 212
adjacent to the seal 224

{0116} When the mitial pressurization of the liner 20 has been completed, the air
may be removed by releasing the pressure within the pressurization chamber 222
allowing the flexible member 220 to reconfigure into its opened domed shape and to
release the seal 224 from the sealing lip 228. This may then allow for the exhaust from
the liner imtenior to flow through the exhaust lumen 212, through an exhaust chamber 216,
and further mto an exhaust lumen 218 for venting from the treatment assembly, as

described herein.

{0117} LINER REMOVAL
{0118} In further facilitating a treatment procedure, the liner may also be

configured to aid m its removal from the underlying tissue after a crvoablation treatment.
After the tissue has been treated, the liner 20 may remain frozen on the underlying uterine
tissue preventing removal of the liner 28 from the patient’s body for up to several
minutes. The liner 20 may be {eft in the patient for a period of time after the cryvoablation
treatment untd the tissue thaws as pulling the hiner 28 from the tissue prematurely may
tear the liner 28 however, leaving the liner 20 1 place may increase patient disconfort.
Hence, to facilitate removal of the liner 20 from the onderlying frozen tissue, a number of
different warming techniques mayv be optionally implemented.

{0119} Circulating a warmt or room temperature Huid within the liner s one
method for thawing the liner 20 and adjacent tissue to expedite the removal of the liner
20, A gas (e.g., air, expanded helium, etc.) may be used instead of a hiquid as a wanming
gas may prevent the creation of a solid which could potentially block the exhaust gas
pathway, Additionally, use of a warming gas may also slow the boiling-off of any
remaining cryoablative liguid as boiling-off the eryoablative liquid too quickly could
create a pressure spike within the liner 28. A liquid with a freezing point lower than the
boiling point of the cryoablative agent, such as nitrous oxide, may be utifized but may not
be required. 1t may also be possible to use a lignid which has a much higher boiling poiat
than the cryoablative fluid provided that all of the cryvoablative fluid has previously
boiled-off. Closing the actuatable valve within the exhaust block and measuring the
pressure inside the liner is one way to detect if any of the cryoablative fluid remains: an
increase in pressure would indicate the presence of liquid cryoablative Buid still boiling-

off.
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{01204 One variation is shown in the partial cross-sectional top view of Fig. 10
which shows a iner having a warnming fluid tumen 230 integrated with the hner 26 and
cooling probe 22. The warming fluid lumen 238 may be formed integrally with the distal
portion of the liner 20 and extend proximally through the interior of the liner 20 and/or
cooling probe 22, During the cryoablation treatinent procedure, the warming fluid lumen
230 may remain in a flattened configuration which is non-obstructive to the introduced
cryoablative agent. However, once the cryoablation treatment has been completed and
the liner 26 is to be removed from the wterus UT, a fluid 232 (e.g., saline, water, etc)
which may be warmed may be wtroduced into the warming Huid lumen 238 from outside
the patient body such that the fluid 232 flows through the fumen 230 and the liner 20
intertor and out the distal portion of hiner 20 through a lumen opening 234 and into direct
contact agamst the tissue surface and the exterior of the liner 20. The flid 232 may
warm the contacted frozen tissue and facilitate the release of the liner 20 from the tissue
surface as the fluid 232 pushes the liner 20 away from the frozen tissue. The flud 232
may be introduced continuously or mtermittently {e.g., via a syringe, pump, or by the
treatment assembly itself) while the liner 20 1s retracted from the uterus UT and out of the
patient body. For fluid cirenlation external to the liner 20, a liquid may be used over a
gas because of the relatively higher heat transfer rate wlnch is possible with a liguid.
{0121} Figs. 1A and 11B illustrate one variation for fabricating the liner 20 with
an integrated fluid lomen 236, The hiner 20 may first be formed to include a lumen 236
which protrudes distally from the distal end of the liner 28, as shown in the top view of
Fig. 11A. Once such a liner has been formed, e.g., via RF welding, the fluid lnmen 230
may be mverted such that i passes through the inferior of the liner 20, as shown in the top
view of Fig. 11B, This variation iflustrates one example for incorporating a fluid lumen
with the liner 20; however, any number of other methods may be utilized as well

{0122} Aside from forming an integrated fluid lumen into the liner, other
mechanisms may instead be utilized to facilitate liner removal from the contacted tissue.
Figs. 12A and 12B diastrate top and side views, respectively, another variation of a liner
28 incorporating a tether or wire 240 {e.g., Kevlar, Nylon, ete.) which may be positioned
externally of the liner 20 such that it lies between the surrounding tissue and liner
exterior. Initially, the tether or wire 240 may be loosely looped over the liner 20 to
prevent any interference from the tether or wive 248 for hner deployment. Alternatively,
the tether or wire 240 may be integrally formed with the liner 20 material itself or the
tether or wire 240 may be attached along the interior surface of the liner 20 In either
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case, the tether or wire 240 may be attached at shaft attachment points 242 while
extending over the entire length of the biner 20 when deploved against the tissue.

{0123} Once the hiner s ready to be removed from the uterine tissue, the tether or
wire 240 may be tensioned either via a control mechanism on the device handle or via
simply pulling on the device. The variation shown m the top and side views of Figs. 13A
and 13B ilustrate how retraction of the sheath 12 mav tension the tether or wire 246 such
that the liner 20 may begin to pull away 244 from the tissue. The presence of the tether or
wire 240 may help to ensure that the liner 20 remains attached to the treatment assembly.
The distance 246 that the hiner 20 has siretched during sheath retraction 12 may be seen
Fig. 13A. The tether or wire 240 may continue to be tensioned until the Hiner 20 has
pulled entively from the tissue sarface.

{0124} In vet another variation, Fig. 14 shows a top view of a liner 28 which may
mcorporate a goide hole 250 at a distal end region of the liner 28, The tether or wire 246
may pass externally of the liner 28 into and through the guide hole 258 such that the
tether or wire 240 mayv remain looped around the liner exterior.

{1125] Fig. 15 shows yet another varniation where a guide tube 252 may be
integrally formed with the liner material either externally or mternally of the liner 28,
The guide tube 252 may extend laterally along the distal portion of the liner 20 such that
the tether or wire 240 may be looped securely through the guide tube 252,

{0126} Fig. 16 shows yet another variation where two or more gude holes 254
may be formed along the interior of the liner 20, The tether or wire 240 may be attached
to a secondary tether or directly to each of the guide holes 254

{6127} Fig. 17 shows vet another variation where a peripheral channel 256 may be
formed around the periphery of the liner 20 such that the tether or wire 240 extends
through the peripheral channel 256 entirely around the liner 20.

{0128] Fig. 18 shows yet another variation where the two or more guide holes 254
formed along the liner mterior with a tether 258 extending between the holes 234 may
also be attached to the probe 22. Retraction of the probe 22 may tension the distal end of
the liner 20 1o facilitate its release from the tissue.

{0129} In these examples and any of the variations herein, a wire or heating
element which may be warmed or energized (e.g., infrared) may be located on the probe
shaft or positioned within the finer 26 interior. Once the treatment procedure has been
completed, the wire or heating element may be activated to warm the liner 20 and the
adjacent contacted tissue to faciliate the thawing of the tissue for removal of the liner 20.
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10136} Additionally and/or alternatively, the liner 28 may be comprised of a
lubricious liner or a separate non-stick coating may be applied to the hner exterior. Itis
not unconymon for pelvmers such as urethanes, especially thin films, to stick together if
tightly-packed during sterilization, transportation and storage. The liner 20, being a thin
polvurethane film compressed into a sheath, may employ a fubricious matenial or surface
to ensure that the Hiner 20 fully deplovs and inflates following unsheathing. For instance,
the fabricity of the liner 20 may be increased through the formulation of the vrethane
blend used 10 make the thin film. Diatomaceous earth may also be wtilized as an additive
to the liner matenial to make the surface wregular to prevent the film from sticking to
itself. Lubricants can also be added 1o the intertor and/or extertor of the liner 20 1o
increase its lubricity and prevent the liner from sticking to itself after being sheathed.
Siticone ol and talc are examples of two possible lubricanis. Swrface lubricanis can also
be applied 1o the film before or after the liner is RF-welded.

{8131} Another method for preventing the liner from sticking to itself 1s to keep
the liner 20 unsheathed until just prior to delivery and deplovment. A simple liner folding
tool can be included within the sterile package to enable the user to easily load the liner
26 into the sheath in is pleated configuration. In order to prevent the device from being
used prior to the sheath being advanced over the liner 20, the position of the sheath may
be used as an input in a system check algorithm.

{0132} Because optirnal ablation coverage and depths may not be uniform over
the entire contacted tissue region, the liner 20 may be adjusted in thickaness over particular
regions of the liner 20 to msulate predetermined tissue regions to result in tailored
ablations. Ablation depths may be shallower where the liner 28 is relatively thicker due
1o less efficient thermal transfer across the thicker arcas. One example 18 shown ta the
top view of Fig. 19 which dlustrates the liner 20 having insulated regions 260 of the liner
{e.g., thicknesses greater than 0.0012 m.), for instance, near the distal portions of the liner
such as pear the wterine cornua and lower segment when the liner 28 is deploved within a
aterine cavity. Alternatively, multiple lavers of the membrane may be utilized where
liner thickness 1s to be increased. Having the thickened regions 260 msulate the
contacted tissue may help to prevent intrautering adhesions. Another variation may
mclude a liner 20 having, for mnstance, quilted pockets filled with air or gas to insulate
targeted regions and reduce ablation depth and possibly even coverage.

{0133} In vet another variation, the liner 20 may be designed with one or more
predetermined weak ponts, as shown in the top view of Fig. 20, If excessive tension
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were apphied to the liner 20 while it 1s frozen to tissue, the liner 28 could tear. By
locating one or more weakened regions 278 of the hoer 20 near, e.g., the proximal
connection to the probe shaft, the liner 20 may be designed to tear specifically at the
designated weakened regions 270 which may make retrieval of the detached liner 26 as a
single piece relatively easier once the tissue fully thaws. Itis preferable that the liner 26
remain intact when tension is applied during the removal of the device from the patient
body. However, it may be advaniageous to have designated weakened regions 270 1o
prevent too much force from being applied to the uterine tissue. The location of the
weakened regions 270 may also be chosen to facilitate removal of the liner 20 as a single
piece after the uterus has warmed following a crvotherapy treatment,

{0134} In yet another variation of the liner, the liner may be separated into several
individual ners in a multi-liner assembly, as shown i the variation of Fig. 21. Because
it is not yncommon for uterine cavities to be arcuate, septate, bicornuate or have other
abnormalities, the liner may be configured to have two more hiners which could be
deploved simultaneously. Such a multi-liner probe may deliver different crvotherapy or
hyperthermic therapies to different parts of the uterus, if so deswed. In the vanation
shown, a single probe shaft 280 may include a first cooling probe 282 and a second
cooling probe 284 extending at an angle from the probe shaft 280, The cooling probes
282, 284 may each have a respective first liner 286 and second liner 288 where gach liner
may be deploved to function in the same manner as described herein. Moreover, while
two separate liners are shown, other variations may include more than two individual

liners depending upon the desired treatment results.

10135 PROBE CONTROL
{0136} In any of the variations described herein, the cooling probe 21 may

optionally include a compressible tip 294 having a collapsible opening 292 defined
through the tip 298, as shown in the top view of Fig. 22A. The compressible tip 290 may
be positioned upon the distal tip of the probe 22 located within the imterior of the hiner 20.
Because the probe 22 may be translatable within the liner 20 and relative to the sheath 12,
the tip 290 may present a soft and atraumatic surface i the event the prohe 22 s
advanced mto contact against the interior of the liner 20 and underlying tissue surface, as
shown in Fig. 22B, to prevent liner tears or trauma to the uterine tissue UT. Ifthe tip 290
is compressed against the hiner 20 and/or tissue, the opening 292 may expand laterally to

increase in diameter. In alternative vanations, any number of relatively soft materials
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which can withstand the temperature of the eryvoablative agent may be utilized and other
shapes and structures may also be utilized.

{0137} Aside from the tip contacting the interior of the liner 28, the cooling probe
22 uself may become inadvertently buried or wged into the anterior or posterior tissue
surface of the uterus UT when deployed within the uterine cavity. This is due to the
oriemation of the uterus UT which is typically angled relative to the vaginal opening of
the patient {(anteverted or retroverted) as well as along the body of the uterus UT stself
{anteflexed or retroflexed), as shown in the cross-sectional side view of Fig. 23. With the
sheath 12 introduced through the cervix CV and reteacted and the hiner 20 deploved and
expanded into contact within the uterine cavity, the cooling probe 227 may have a
tendency to be urged mto the posterior tissue wall of the wterine cavity when advanced or
adjusted into position within the liner mterior, as lustrated. However, the cooling probe
22 is preferably located at a central position within the expanded liner interior, as
iflustrated, 1n order to allow for the uninhibited tnfusion of the cryoablative fluad from the
infusion line 52. Having the probe 22 placed directly against the liner interior and
andertying tissae wall may obstruct the infusion line 82 potentially resulting in an uneven
ablation pattern in the tissue.

10138} Hence, the cooling probe 22 mayv be fabricated from a material such as
annealed stainless steel which may provide the probe 22 with improved ductility due to 1ts
nimimized internal stresses. This improved ductitity allows for the probe 22 to flex
refative to the sheath 12 away from the walls of the liner interior and contacted tissue
walls such that the probe 22 may be centered within the expanded liner 20 particularly in
the reduced temperature environment during cryoablation. The use of fully annealed
stainless steel may facilitate the posttioning of the probe 22 within the liner 20 due in part
to the slots defined along the probe 22 but also due to the material properties. For
mstance, the probe 22 fabricated from annealed stainless steel may have, e.g., a 0.006 in.
wall thickness, selected to minimize overall device diameter while mamtaining sufficient
hoop-strength to prevent it from being crushed or kinked in-use. Annealing the slotted
stainless steel exhaust tube may also improve its cyclic fatigue hife compared 1o a half-
hard or a full-hard material.

{0139} In vet other variations, rather than utilizing annealed stamnless steel, other
shape set materials may be used. For instance, a simple steel cannula or a more complex
articulating cannula which may incorporate multiple mdividual elements which are
flexible 1 a fivst state and optionally locked mto a particular configuration in a second
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state may also be used although not necessary. However, it 18 desivable that the cannuia
takes the shape of the uterine cavity within the sagittal plane of the patient and uterus UT
without being biased to either the anterior or posterior side of the uterns UT. Provided
that the cannula flexes with the shape of the werus UT, holds its flexed position during
the cryoablation treatment, and also has substantial radial strength to prevent crushing

and/or kanking of its shape, any number of shape set materials may be utilized.

{01404 RESERVOIR TEMPERATURE CONTROL
{0141} During a cryotherapy treatment, it is desirable to control the amount of the

cryoablative agent dehivered into and through the hiner 200 A few of the parameters which
may affect the fow rate and volume of the crvoablative agent discharged from the
reservolr or canister 92 may include temperature of the treatment assembly 80 and
reservoir or canister 92 as well as ambient temperature in which the assembly 88 15 used
as sych temperatores can affect the internal pressure of the reservoir or canister 92.
Unless controlied by other methods, the flow rate of a pressurized crvogen is generally
controlled by the internal pressure of the vessel in which the cryvoablative agent is
coptained. Thus, m order to be able to deliver a consistent crvoablative therapy over a
range of device and room temperatures, controlling either the inflow rate or starting
temperature and pressure of the cryogen 1s desirable.

{0142} One method for controlling the starting crvogen pressure is by designing
the system to operate at the high end of the temperature range and heating the reservoir or
canister 92 to a specified temperarure and corresponding internal pressure. The heat
could be supplied by a various mechanisms such as an electrical heating element wrapped
around the reservoir or canister 92. In one vaciation, the elecirical power for the heating
element could be provided by a battery within the device itselfl

{0143} In another variation, the electrical power may be provided by a heating
cradle 316 prior to device use, as shown in the exemplary schematic side view of Fig. 24,
A separate warming cradle 316 may define a recetving channel 318 sized to receive the
reservoir housing 88 of the treatment assembly 80, The cradle 316 may further include an
electrical connectar 320 connected to an optional power supply (DC) 322 {which may be
recharged) and/or the cradle 316 may be electrically connected to a stationary power
supply via a power supply (AC) line 326. The cradle 316 may also incorporate an
optional stabifizing weight 324 to provide for stability when the treatment assembly 88 15

docked within the receiving channel 318,
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{0144 The treatment assembly 88 iself may incorporate a heating element 300
{e.g., a resistive heating element) which mayv be wrapped partially or entirely around the
reservair or canister 92, A layer of msulation 304 miay also be provided around the
reservoir or canister 92 to provide for a thermally stabilized warming environment. A
temperature sensor 302 (e.g., thermocouple, thermistor, ete.} may also be incorporated for
thermal contact with the reservolr or canister 92 for sensing the canister temperature. An
electrical connector 314 may be located correspondingly along the reservoir housing 88
for electrically contacting the electrical connector 320 positioned upon the cradle 316
such that the cradle 316 may provide electrical power to the treatment assembly 88 when
docked within the cradle recetving channel 318.

{0145] A connection sensor 312 may be electrically connected to the connector
314 such that the sensor 312 may provide a signal via connection line 318 to the
microprocessor or controller 118 indicating that the treatment gssembly 84 has been
docked and is able to receive power from the cradie 316, The heating element 308 may
also be electrically coupled to the microprocessor or controller 110 via heating element
line 306 and the temperature sensor 382 may likewise be coupled to the microprocessor
or controller 110 via temperature sensor line 308,

10146} With the heating clement 300 and temperature sensor 302 so coupled to
the microprocessor or controlier 118, the heating assembly may form a closed-loop
systemn where the microprocessor or controfler 110 may be programmed via g sofiware
algorithm to control the electrical power supplied to the heating element 300 depending
upon the measured temperature of the temperature sensor 302 such that the reservoir or
canister 92 is heated to a predetermined temperature or maintained within a
predetermined tempergture range prior to a crvotherapy tregtment. The insulation 304
may accordingly slow the rate of cooling of the reservoir or camster 92 and also extend
the available time between the removal of the treatment assembly 88 from the cradle 316
and the inttiation of the treatment.

{0147} The microprocessor or controlier 118 may be further programmed to alert
or mdicate {e.g., anditory or visual) 1o the user that the treatment should be initiated
before the sensed temperature (and pressure) of the reservoir or canister 92 drops below a
set point temperature desired for completion of a full cryotherapy treatment. An auditory
andfor visual indicator {e.g., lights, alarms, or other visual or auditory cues) may also be
incorporated to the device assembly 80 and/or cradle 316 to indicate to the user that the
device assembly 88 is actively heating or has reached s target temperature or pressure.
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In vet another variation, the nucroprocessor or controlier 118 controlling the heating of
the reservorr or camster 92 can be located m the cradle 316, The reservoir or canister 92
or pressure mput would have to be supplied via a direct electrical connection or a wireless
connection between the cradle 316 and device assembly 88.

j0148] In vet another variation for maintaining the reservoir or canister 92 at a
predetermined temperature, one or more heating elements may instead be located in the
cradie 316 and used to transfer thermal energy to the reservonr or canister 92, The
microprocessar or controfler 110 {or an additional microprocessor) may be located in the
cradie 316 in clectrical communication with the one or more hegting elements,

{0149} In vet another variation, the cradle 316 may be configured to both heat and
cool the reservoir or canister 92, A thermoelectric unit {e.g., Peltier device) or other
source of refrigeration {e.g., cooler, tce bath, etc.) may be used to cool the reservoir or
canister 92 to the destred temperature range. In the case of a thermoelectric unit, such a
device may be used to both cool or heat the reservoir or canister 92, In either case, the
various components of the closed-loop control system could be located either in the
device 80 or cradle 316 as described herein.

{150} While specific variations are described, it is intended that each of the
features described above may be combined in any number of different combinations and
such combined features are intended to be within the scope of this disclosure. For
instance, the treatment gssembly 88 shown in Figs. 4A-4C may mcorporate each of the
features such as the reservoir or canister valve 94 and modulation control unit 96 (as
shown in Figs, 5 and 8) as well as the liguid exhaust trap 130 (as shown in Fig. 6) and
exhaust collectors 130 or 160 {as shown in Figs. 7A and 7B} into a single embodiment.
The treatment assembly 80 may also incorporate the valve located within the exhaust
block 46 {as shown in Fig. 9) as well as any of the liner removal variations as shown in
Figs. 10 to 18, Furthermore, the features of Figs. 19 to 22B may also be mmcorporated into
a single embodiment as well. The additional feature of a probe 22 or device utilizing
annealed stainless steel {as shown in Fig. 23) may also be incorporated into the single
embodiment as well, Addittonally, any embodiment incorporating any of the various
combinations may be optionally utilized with the features of a reservoir temperature
control assembly and cradle 316 {(as shown mn Fig. 24).

{6151} While iltustrative examples are described above, it will be apparent to one
skilled in the art that various changes and modifications may be made therein. Moreover,
varions apparatus or procedures described above are also intended to be nislized in
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combination with one another, as practicable. The appended clauns are intended to cover
all such changes and modifications that fall within the true spirit and scope of the

nvention.
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CLAIMS
What is claimed s
1. An mflow reservoir or camster valve, comprising:

a valve body;

L

a reservoir intertace extending from the valve body and configured for fhudly
coupling with a reservoir or canister containing a cryoablative agent;

a moduiation control interface defined along the body and configured for fluidly
coupling to a modulation control coupler;

a valve stem seated within a valve stem channel defined within the valve body;
10 an nflow lumen defined through the valve body and extending between the
veservoir mterface aud the modulation control mterface, where the valve stent i1s movable
between a first position which obstructs the inflow lumen and a second position which
opens the mlow lumen; and

a venting lumen defined through the valve body and extending between the

o
L

reservoir interface and a veut opening.

2. The valve of claim | further comprising a reservoir humen insert extending

from the reservoir interface.

20 3. The valve of claim | further comprising a vent piston which 1s movable
between a first position which obstructs the venting lumen and a second position which

opens the venting lumen,

4, The valve of claim 3 flrther comyprising a removable locking mechanism

25 which is posittonable 1o obstruct movement of the vent piston.

5. The valve of ¢laim 1 further comprising 8 reservoir engagement conirol which
15 coupled to the valve stem, wherein actuation of the reservoir engagement control

moves the valve siem from its first position fo its second position.
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6. The valve of claim 3 further comprising a microprocessor in electrical
conununication with the reservoir engagement comtrol such that actuation of the reservon

engagement control 1s indicative to the mucroprocessor of an open reservoir or canister.

7. The valve of claim 1 further comprising a modulation control unit engaged

with the modulation control interface.

8. The valve of claim 7 wherem the modulation control unit comprises a

aciuatable solenoid valve.

Q. The valve of claim 1 forther comprising a microprocessor in electrical

communication with the inflow reservoir of canister valve,

13 The valve of claim 9 further comprising one or more pressure of temperature

sensors in communication with the microprocessor.

11 The valve of claim 1 further comprising:

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

at least one infusion lomen positioned through or along the elongate probe and in
fluid communication with the mflow lumen, wheren the infusion lamen defines one or
more openings along its length; and

a liner expandably enclosing the probe.

12, The valve of claim 11 further comprising at feast one dehvery lumen shidingly
positioned through or along the infusion lumen, wheremn translation of the delivery lumen
refative to the infusion lumen controls a number of nnobstructed openings along the

fusion lumen.

13, The valve of claim 11 further comprising an exhaust tumen in fluid

communication with the elongate probe.

14, The valve of claim 13 further comprising a liquid exhaust trap m thad

communication with the exhaust lumen.
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15, The valve of claimi 13 further comprising an exhaust collector in fhwid

conumunication with the exbaost lumen.

16, The valve of claim 13 further comprising an actuatable valve in fluid

comumunication with the exhaust lumen.

17. The valve of claim 11 further comprising a fhud lumen defined through an
interior of the liner while fluidly isolated from the interior and where the fluid lumen is in

communication with an exteror of the hner.

18 The valve of claim 11 further comprising at feast one wire or tether attached

to the hner, wherein tensioning of the wire or tether retracts the liner.

19, The valve of claim 11 further compiising an atraumatic tip attached to a distal

end of the probe.

20. The valve of claim 11 further comprising a cradle which is configured to

receive a handle assembly enclosing the reservolr or canister.

21, The valve of clatm | further comprising a warming element in thermal

commuunication with the reservolr or canister.

22. A tssue freatment system, comprising:

an elongate probe having a distal tip and a flexible lenpth;

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

a liner expandably enclosing the probe;

an mflow reservoir or canister valve fluidly coupled with a reservoir or canister
containing a cryoablative agent;

a modulation control unit flaid coupled with the inflow reservoir or canister valve
and in fluid communication with the at least one infusion lumen; and

a warming element thermally coupled with the reservoir or camster.

38



LA

10

o
(¥4

WO 2015/156914 PCT/US2015/017585

23, The system of claun 22 further comprising a microprocessor in electrical

conprunication with the inflow reservorr or capstster valve and modulation control unit.

24. The system of claim 23 wheremn the microprocessor is in electrical

communication with the warming efement.

25, The system of claim 22 further comprising at least one delivery lumen
shdingly positioned through or along the infusion lumen, wherein translation of the
delivery lumen relative to the mfusion hunen controls a number of unobstructed openings

along the infusion lamen.

26, The system of claim 22 further comprising an exhaust lumen i floid

communication with the elongate probe.

27. The system of claim 26 further comprising a Bguid exhaust trap in fluid

commumication with the exhaust lumen.

28. The system of claim 26 further comprising an exhaust coliector in flud

conununication with the exhaust lumen.

29, The system of claim 26 further comprising an actuatable valve in fluid

communication with the exhaust fumen.

30, The system of claim 22 further comprising @ fluid humen defined through an

L

intertor of the liner while fluidly isolated from the interior and where the fluid lumen is in

communication with an exterior of the liner.

31, The system of claim 22 further comprising at least one wire or tether attached

to the liner, wherein tensioning of the wire or tether retracts the hoer.

32, The system of claim 22 further comprising an atraumatic tip attached to a

distal end of the probe.
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33, The system of claim 22 further comprising a cradle which is configured to

recetve a handle assembly enclosing the reservolr or canister.

34. A method of treating tissue, comprising:

monitoring a temperature of pressure 0f a reservoir or canister containing a
crvoablative agent;

maintaining the temperature or pressure of the reservoir or canister at a
predetermined level;

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

expanding a liner enclosing the probe into contact against the body lumen; and

miusing a cryoablative agent through a delivery Iumen such that the cryoablative
agent passes into an infusion lumen, through one or more unobstructed openings, and into

contact against an interior of the liner,

35, The method of claim 34 further comprising adjusting a position of the
delivery lumen relative to the 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 unobstructed by the delivery lumen.

36. The method of claim 34 Auther comprising matntaining the temperatare of
the reservoir or canister via a warming element in thermal communication with the

FESErVOIr OF Canister.

37. The method of claim 34 wherein monitoring a temperature Comprises
momtoring the temperature via 8 microprocessor in electrical communication with a

temperature sensor in thermal communication with the reservoir or canister.
38. The method of claim 34 further comprising monitoring a flow of the
eryoablative agent frony the reservoir or canister via an inflow reservorr or camster valve

fluidly coupled with the reservoir or canister.

39, The method of claim 38 further comprising modulating the fow of the

crvoablative agent through the mflow reservoir or canister valve via a modulation control
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unit fluid coupled with the inflow reservoir or canister valve and in flnid communication

with the mfusion lumen

40, The method of claim 34 further comprising passing exhaust gas from the
interior of the liner into an exbaust lumen in flind communication with the elongate

probe.

41, The method of claim 40 further comprising passing the exhaust gas through a

liguid exhaust trap v fluid communication with the exhaust lamen,

42, The method of claim 40 fiwther comprising collecting the exhaust gas i an

exhaust collector in fluid communication with the exhaust lumen.

43 The method of claim 34 further comprising introducing a warming liquid or

zas between an exterior of the hner and a contacting tissue surface.

44. The method of claim 34 further comprising urging an exterior of the liner

from a contacting tissue surface via a wire or tether.

45, The method of claim 34 fiwther comprising supporting & handle assembly
F g su 8 )

containing the reservoir or canister via a cradie assembly.

46. The method of claim 34 wherein expanding a liner comprises mnfusing one or

more puffs of air mto the liner until the liner conforms to the body lumen.
47, The method of claim 35 wherein adjusting a position of a delivery lumen
comprises translating the deltvery lumen through the infuston lumen to selectively

obstruct the ong or more openings.

48, The method of claim 34 wherein infusing a crvoablative agent comprises

infusing nitrous oxide into the interior of the liner.
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fiuid coupled with the inflow reservoir or canister valve and in fluid communication with the at least one infusion lumen; and a warming
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is lacking. .

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



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - claims
	Page 39 - claims
	Page 40 - claims
	Page 41 - claims
	Page 42 - claims
	Page 43 - claims
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - drawings
	Page 66 - drawings
	Page 67 - wo-search-report
	Page 68 - wo-search-report
	Page 69 - wo-search-report

