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SYSTEMS AND METHODS FOR
PERFORMING ENDOMETRIAL ABLATION

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of US Provisional Application No. 62/002,082,
filed May 22, 2014, titled “Systems and Methods for Performing Endometrial Ablation”, which

is incorporated herein by reference.

INCORPORATION BY REFERENCE
[0002] All publications and patent applications mentioned in this specification are herein
incorporated by reference in their entirety to the same extent as if each individual publication or

patent application was specifically and individually indicated to be incorporated by reference.

FIELD
[0603] The present disclosure generally relates to uterine procedures incorporating a
distension media such as a fluid or a gas that could be used with endoscopic procedures or other
visualization systems such ultrasound or fluoroscopy. The present disclosure is particular suited
for endometrial ablation of the uterine lining. More specifically, the present disclosure relates to

endometrial ablation with a heated vapor.

BACKGROUND
[0004] Endometrial ablation (i.e., the removal or destruction of the endometrial lining of the
uterus) is used as an alternative to hysterectomy for treating menorrhagia, or other uterine
diseases. One prior technique for performing endometrial ablation employs a resectoscope (i.e.,
a hysteroscope with a built-in wire loop or other ablative devices) that is inserted transcervically
into the uterus, and uses radio-frequency electrical current (RF current) to remove or coagulate
the endometrial tissue. These standard techniques typically are performed in a hospital setting
and importantly utilize hysteroscopy for visualization of the procedure while treating the uterine
lining.
[0005] Some approaches make use of heated fluid to ablate the endometrium. For example,
early journal articles describe the use of steam to treat uterine hemorrhage. The use of steam for
this purpose was later discredited, apparently due to patient morbidity and mortality. See, e.g.,
Fuller U.S. Patent No. 6,139,571. More recent descriptions of the use of injecting hot fluid into
the uterus have been described. Uterine therapies employing a contained fluid have also been

described.
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[0006] In an effort to simplify the procedure, approaches have been developed that do not
require concurrent hysteroscopic visualization. In practice, many of these techniques
recommend that the physician or user employ hysteroscopy to visualize and inspect the uterine
cavity prior to performing the endometrial ablaticn procedure. In addition, hysteroscopy may be
employed at the conclusion of the endometrial ablation procedure as a method to inspect the
uterine cavity post treatment. During this hysteroscopic inspection, the physician is verifying
that the uterine cavity is not perforated although perforations may not be readily apparent even
with hysteroscopic visualization. In general, a physician seeks to avoid perforations for many
reasons including the potential for unintended injuries to neighboring organs and maintaining or
confining the treatment area to specifically the uterine cavity in the case of endometrial ablation
procedures.

[0007] Endometrial ablation techniques that do not require active hysteroscopic visualization
during treatment operation are commonly referred to as “blind” techniques since the physician is
using tactile feel, or markers and indicia on the endometrial ablation device to indicate proper
placement of the device in the uterine cavity. One of these particular devices utilizes a balloon-
based system using heated saline as the thermal energy source for the ablation of tissue. High
frequency, or radiofrequency (RF), energy has also been used to perform thermal ablation of
endometrial tissue. Current products for performing endometrial ablation include the
NOVASURE® procedure and a system marketed under the trade name THERMACHOICE®, by
Ethicon, Inc. of Somerville, N.J. Cryogenic ablation, or “cryoablation,” such as HER OPTION®
from American Medical Systems, Inc., is another endometrial treatment approach. All of the
products above are characterized as “blind” or not requiring direct hysteroscopic visualization
during the treatment.

[0008] In utilizing an endometrial ablation technology that does not require hysteroscopic
visualization, it would be beneficial to employ a test to verify that the uterine cavity is intact or
unperforated prior to performing the treatment. Such tests are referred to as uterine integrity
tests and these tests can be performed with endometrial ablation procedures and any procedure of
the uterus or hollow body cavity or organ. In addition, these tests can be used with hysteroscopic
procedures since a perforation may not be readily detected even under direct vision.

[0009] Integrity tests employ saline or gas, preferably carbon dioxide gas, as agents to verify
if the uterine cavity is intact in regards to holding fluid or gas pressure. The gas or fluid is
supplied under pressure to the uterine cavity and a leak in the uterine cavity, whether it is a
perforation, an unsealed cervical canal, or the effect of excess fluid exiting the fallopian tubes,
can be discerned. Stern et al. (US 5,562,720) and Sampson et al. (US 6,554,780, US 6,743,184,
US 6,872,183, and US 7,063,670) describe such pressure techniques while other approaches

-2
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check for fluid imbalances between an input source and output collection using volume
measurements. Other approaches mention using flow rate and pressure measurements.

[0010] For monitoring the therapeutic energy application during the procedure, some
technologies monitor the internal pressure of heated saline within a balloon that is placed within
the uterus, or the impedance of radio frequency energy within the wall of the uterus. These
technologies have automatic termination steps if the pressure, impedance, or volume levels reach
certain thresholds. At the initiation of the procedures for all of the above mentioned systems, the
inaccurate placement and management of the therapeutic device by the physician within the
uterine cavity can reduce the ability to perform a safe and consistent ablation procedure. For
these technologies, the ability of the device to perform a complete endometrial ablation
procedure depends upon the tactile movements and placement of the device by the physician in
terms of depth of placement or achieving complete contact with the interior lining with the
delivery device mechanism. As an example, a radio frequency device deploys an RF array
within the uterine cavity. The depth of insertion can vary by patient and physician. By not
contacting the endometrium in more distal or proximal locations, the efficacy of the procedure
could alter or be affected. For thermal balloon procedures, a similar effect can occur due to the
depth of device placement. For both of the technologies, the system cannot provide information
or assessment for the proper and consistent placement of the device in the uterine cavity.
Alternatively, an amorphous ablation technology such as the free flow of heated saline does not
have this physical limitation however even this technology, known as Hydro Thermo Ablation or
HTA, relies heavily on the placement of the device by the physician to prevent leaking out of the
endocervical canal.

[0011] Systems that depend heavily on physician manipulation or intervention during the
procedure have been characterized as being “technique sensitive”. The requirement for a
physician to properly manipulate a delivery device and react appropriately before and during an
endometrial ablation procedure can lead to an increase of adverse events or unreliable patient
outcomes. This is particularly evident when threshold values prior to and during a procedure fall
within a range requiring physician intervention or adjustment.

[0012] The following describe a control system that overcomes these deficiencies for a
technology that provides vapor energy in combination with a number of unique and sequenced
steps designed to ensure patient safety and procedural consistency. The control system also
assesses delivery device placement and sealing within the uterine cavity and endocervical canal
by providing information for the physician when additional pressure within a sealing balloon at

the cervix may be needed.
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SUMMARY
[0013] An endometrial vapor ablation system, comprising a vapor generator, a uterine
ablation device coupled to the vapor generator, the uterine ablation device configured for
insertion into a uterine cavity of a patient, a control system coupled to the uterine ablation device
and the vapor generator, the control system being configured to automatically perform a pre-
procedural sterilization of the vapor generator and the uterine ablation device, the control system
configured to prep the uterine ablation device for vapor delivery, the control system configured
to test safety components of the uterine ablation device prior to and after insertion into the
patient, the control system configured to monitor the application of vapor energy, monitor
temperature reading at identified locations on the uterine ablation device, and the control system
being configured to implement shutdown of the vapor generator following vapor delivery.
[0014] In some embodiments, the electronic controller is configured to prompt an end user of
the uterine ablation device if the pre-procedural sterilization fails to initiate or complete.
[0015] In another embodiment, the electronic controller is configured to prompt an end user
of the uterine ablation device if the testing of the safety components indicates an error in the
system.
[0016] In some embodiments, the system further comprises a distal anchor balloon, a central
sealing balloon, and a proximal positioning balloon disposed on a shaft of the uterine ablation
device.
[0017] In one embodiment, the system further comprises a temperature sensor positioned
near the central sealing balloon and configured to measure a temperature inside an endocervix of
the patient.
[0018] In yet another embodiment, the system further comprises one or more pressure
sensors configured to measure a pressure of each of the distal anchor balloon, the central sealing
balloon, and the proximal positioning balloon.
[0019] A method of providing vapor therapy to a uterus of a patient is provided, comprising
the steps of sensing a fluid level of a vapor generator, heating the vapor generator to prepare a
condensable vapor, priming the condensable vapor through a uterine ablation device coupled to
the vapor generator to sterilize the uterine ablation device, comparing a pressure sensor value
within the uterine ablation device to a pressure sensor value within the vapor generator, verifying
the integrity of a plurality of positioning and sealing balloons of the uterine ablation device,
delivering condensable vapor from the uterine ablation device into the uterus, and during the
delivering step, monitoring a temperature in a cervix of the patient and automatically terminating
delivery of condensable vapor if the temperature exceeds a threshold value.

[0020] In some embodiments, the threshold value comprises 44 degrees C.

-4 -
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BRIEF DESCRIPTION OF THE DRAWINGS
[0021] Figs. 1A-1D illustrate one embodiment of a uterine ablation device.
[0022] Fig. 2 shows an embodiment of a uterine ablation device inserted into a uterus.
[0023] Fig. 3 illustrates an integrity test of the uterine ablation device.
[0024] Fig. 4 illustrates a patency test of the uterine ablation device.
[0025] Fig. 5 charts the relationship between outflow valve pressure, uterine cavity pressure,

and flow through a uterine ablation device.

DETAILED DESCRIPTION
[0026] Fig. 1A illustrates a uterine ablation device 100 sized and configured to access the
endometrium of a uterus and to deliver a heated vapor to the uterus to ablate uterine tissue. The
device can be configured to ablate and treat the endometrial lining of the uterus as an alternative
to hysterectomy for treating menorrhagia or other uterine diseases. In some embodiments, the
device 100 can be configured to gain access to the uterus by being inserted through a cannula or
hysteroscope. The device 100 can include shaft 102, handle 104, distal tip 106, vapor ports 107,
distal anchor or distal balloon 108, central or sealing balloon 110, proximal or positioning
balloon 112, and connection lumens 118, which can couple the uterine ablation device to a
control system (not shown) comprising a computer, a vapor generation system, and mechanisms
configured to inflate and deflate the balloons as well as control the delivery and removal of
integrity gas/fluid and vapor from the device. Additionally, connection lumens 118 can connect
device 100 to a vapor generator or vapor source 121, gas/fluid source 122, pressure regulator
124, and flow meter(s) 126. In some embodiments, the vapor generator 121 can include an
integrated electronic controller configured to control all aspects of the uterine ablation device,
including vapor generation and delivery. In other embodiments, the controller is located in other
components of the device, or comprises a separate control unit, such as a computer, smartphone,
or tablet that is electronically coupled to the device. Vapor ports 107 near the distal tip 106 of
the device can be fluidly coupled to the connection lumens 118 via inflow and outflow lumens
(not shown). The vapor ports, inflow and outflow lumens, connection lumens, gas/fluid source,
pressure regulator, and flow meters can be configured for testing the integrity of the patient’s
uterus, proper placement of the device, and verifying the presence of flow between the inflow
and outflow lumens of the device. Thermocouples and/or temperature sensors can be disposed in
various places within or outside the uterine ablation device, including within or near the inflow

and outflow lumens of the device. The thermocouples can be configured to measure temperature
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information relating the flow of fluid and/or gas in the device, as well as the temperature within
patient body cavities.

[0027] The flow meter can be any flow meter as known in the art, including a thermal mass
flow meter, an ultrasonic flow meter, a paddlewheel, or a variable area flow meter. In one
embodiment, an ultrasonic flow meter that utilizes transit time and Doppler flow readings is
advantageous since it is a non-contact system that does not need to physically interact with the
fluid or gas media being employed in the integrity test. An ultrasonic flow meter can be easily
adaptable to the exterior dimensions of an inflow lumen. In addition, a drip chamber within the
inflow lumen can be used to manually visualize or record drips or flow from the fluid source as
the integrity test indicates a sealed uterine cavity. In some uterine procedures, it may be
advantageous to use other types of fluid besides saline including Lactated Ringers, non-isotonic
solutions for certain electrosurgical procedures, gels, foams, fluids of varying viscosity for some
ultrasonographic procedures, or other fluids used in uterine procedures.

[0028] In one embodiment, a one way valve can be placed in the inflow lumen on either side
of the flow meter relative to the gas/fluid source. The one way valve can allow for the flow of
gas/fluid (e.g., saline) from the gas/fluid source to the device and uterine cavity. The one way
valve should not interfere with the operation of the flow meter and its readings. In operation, the
uterine cavity is a muscle that can undergo significant contractions during the integrity and
patency tests. These contractions can push the fliid retrograde back through the saline lumen
and past the flow meter. In doing so, flow meter measurements can become difficult to interpret
or may produce sinusoidal waves in the output readings. The placement of the one way valve in
the inflow lumen can eliminate retrograde fluid flow and stabilize readings for the flow meter
during episodes of uterine contractions.

[0029] Handle 104 can be an ergonomic handle and can include features and controls for
using the device (e.g., buttons, levers, indicia for providing feedback for depths of insertion,
valves, etc.), including features for controlling inflation of balloons 108, 110, and 112, and for
controlling the delivery and removal of integrity test gas/fluid and heated vapor from the device.
The handle can also include features and controls for testing the integrity of the patient’s uterus,
proper placement of the device and verifying the presence of flow between the inflow and
outflow lumens of the device.

[0030] The balloons described herein can be any type of flexible balloon, such as rubber,
latex, urethane, silicone, PET, LDPE, parylene, nylon, PE, combinations of these polymers, or
can be manufactured from any other suitable material as known in the art. It should be noted that
in some embodiments, the distal anchor comprises a balloon, but in other embodiments, the

distal anchor comprises an expandable anchor or expansion mechanism, such as expandable
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frames, filters, nets, or cages, or non-expandable components that increase the diameter of the
shaft of the uterine ablation device. For purposes of this disclosure, however, the distal anchor
may be referred to as a distal anchor or as a distal balloon.

[0031] Shaft 102 can be configured to deliver a heated vapor from a remote boiler (not
shown) through the device and out of vapor ports 107 in distal tip 106. The shaft can also be
configured to return vapor that has exited the device, including bodily fluids, uterine materials,
and condensate back through the vapor ports and into the shaft. In Fig. 1A, vapor ports 107 are
illustrated as including both the vapor delivery and vapor return ports. However, in other
embodiments, the vapor delivery ports can be separate and distinct from the vapor return ports.
For example, vapor delivery ports are intended to provide an even distribution of heated vapor
through a cavity, and may comprise small lumens or holes on the end of the shaft. The vapor
return ports, in contrast, are intended to return used vapor and condensate, and may comprise
larger slots to prevent blood, tissue, etc. from blocking or clogging the return lumen. The device
comprises inflow and outflow gas and/or fluid delivery channels to conduct uterine integrity and
patency tests. In some embodiments, the lumens to deliver and return vapor are the same as the
channels to deliver and return gas and/or fluid for the uterine integrity and patency tests.

[0032] Referring still to Fig. 1A, uterine ablation device 100 is shown in a collapsed delivery
configuration, with distal balloon 108, sealing balloon 110, and positioning balloon 112 deflated
to reduce the cross sectional diameter of the device and can be 6 mm in diameter during insertion
or smaller. When the device is in the delivery configuration, the reduced profile allows for easier
access to through the vagina, cervical canal, and cervix to gain access to the uterus, and provides
reduced patient discomfort during insertion. In seme embodiments, the outer dimensions of the
uterine ablation device are such that introduction of the device into the uterine cavity can be
achieved without the need for mechanical or pharmacological dilation of the os prior to device
introduction.

[0033] Fig. 1B illustrates the uterine ablation device 100 of Figs. 1A with all three balloons
inflated, including distal balloon 108, central sealing balloon 110, and positioning balloon 112.
The central balloon can be inflated with a fluid, such as saline, or alternatively, can be inflated
with air. Although three balloons are depicted in Fig. 1B, in other variations one, two, four, or
more balloons may be provided, and other balloon shapes may be used. The positioning balloon
can be inflated with a room temperature medium, a cooled medium, or alternatively, a heated
medium. In some embodiments, the central sealing balloon comprises a length along shaft 102
of approximately 15mm to 25mm. The central balloon can be disposed on the shaft between the
distal balloon or anchor and the proximal balloon. In some embodiments, the central balloon is

adjacent to both the distal balloon and the proximal balloon. In other embodiments, there is a
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small gap or space between one or more of the balloons. The length and position of the central
balloon on the shaft ensures that when inflated, the central balloon seals the cervix off from the
uterus near the internal os, but the balloon does not extend into the uterus or into the vagina of
the patient. The central and proximal balloons can comprise any diameter, but preferably should
have a diameter large enough to be able to engage the walls of the cervix and/or the vagina in the
average female patient. For instance, the central balloon may have an inflated outer diameter of
10mm and accommodate 9.5 psi of pressure in actual use. The proximal balloon can have a
larger diameter, such as 17mm and a lower inflation pressure of 7 psi.

[0034] Fig. 1C is another view of the uterine ablation device 100 including some additional
features. Check valve 144 can connect a vapor delivery conduit to the handle of the device,
allowing vapor or other ablation media to be delivered from into the handle. Valve 128¢ can be
a balloon valve configured to control the flow of media through an outflow lumen of the device.
The outflow lumen can be used, for example, to remove gas or fluid media from the uterus to a
waste container, which will be described in more detail below. Tenaculum stabilizer 146 can
also be seen on the device 100 and can be configured to provide a mechanism to hold a
tenaculum and vapor probe handle to maintain position relative to the cervix.

[0035] Fig. 1D is another view of the uterine ablation device 100, further illustrating a tip
cover 148 disposed over the distal portion of the shaft of the device, including the distal, central,
and sealing balloons, and the vapor ports and distal tip. The tip cover can be used in pre-
procedure pressure sensor and balloon checks prior to inserting the device in a patient, which
will be described in more detail below.

[0036] One embodiment of a pre-procedure check will now be described. In one
embodiment, the uterine ablation device is activated by the user and the necessary accessories
and device are attached to the vapor generator. Upon attachment of the device handle to the
generator, the accessories are sensed and registered by the electronic controller of the uterine
ablation device. Various sensors in the device, such as a water ion sensor and fluid level sensor
can provide sensed data to ensure that the proper fluid and amount of fluid have been added to
vapor generator and gas/fluid source. The uterine ablation device can then prepare the vapor
generator to perform an ablation procedure by heating the generator to its operating levels and
priming steam throughout the internals of the system for a prescribed period of time, ranging
from 1 to 5 minutes. The internals can include delivery and return vapor paths within the uterine
ablation device. The running of vapor at an appropriate temperature and pressure throughout the
internal equipment for a prescribed period of time ensures that the equipment is sterilized for use

in a medical procedure. In one embodiment, during this sterilization process, the system can
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prevent connection of the vapor delivery conduit of the device to avoid disruption of the
sterilization cycle.

[0037] Once sterilization is complete and the vapor delivery conduit is connected, it can be
locked into place to prevent inadvertent disruption or disconnection during the rest of the
procedure. The vapor delivery conduit of the uterine ablation device can then be pre-heated by
allowing vapor to circulate within the vapor delivery conduit. The temperature can then be
monitored by a thermocouple in a return path of the generator or a return path of the uterine
ablation device. Once completed, the device can notify the user that the generator unit is ready
for the next step in the preparation process, or the device can automatically move on to the next
step in the preparation process.

[0038] While the sterilization or vapor priming process is occurring, a pressure sensor of the
uterine ablation device can be registered, and the pressure reading from the sensor can be
compared with a reference sensor within the generator unit. Furthermore, the controller can test
the integrity of the three balloons (e.g., distal, central, and sealing) on the device. The system
will not allow the process to continue unless all parameters tested meet specifications. In one
embodiment, the distal, central, and sealing balloons can be inflated inside the tip cover 148 to a
test pressure and checked for leaks. The tip cover can be supplied on the uterine ablation device
to also protect the product during shipping and handling within the procedure room. With the tip
cover on and the distal, central, and sealing balloons inflated, a chamber created inside the tip
cover is pressurized with air through a lumen of the device to compare a pressure sensor reading
of the device to a reference pressure sensor in the vapor generator.

[0039] The electronic controller can be configured to prompt the user if the pre-procedural
sterilization of the vapor generator or the uterine ablation device is not initiated or completed
correctly. The controller can also be configured to prompt the user if the distal, central, and
sealing balloons have leaks, or if the pressure and/or temperature sensors indicate a problem with
the uterine ablation device or the vapor generator. In some embodiments, the electronic
controller can prevent the delivery of condensable vapor to the patient if any of the pre-
procedural checks or preparation steps indicate a problem or fail to complete.

[0040] Upon passing the testing of the pre-procedure checks described above, the controller
and vapor generator can perform a fluid priming operation to run saline or another fluid through
the uterine ablation device in preparation for insertion into the patient. During fluid priming,
proper operation of the device can be verified by checking signal strength in the flow sensor and
establishing a reference zero flow. The user can then be notified by the system that the uterine
ablation device can be inserted into the patient. The tip cover is removed from the distal end of

the device prior to insertion.
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[0041] Placement of the ablation device of Figs. 1A-1D will now be described. The distal tip
of the ablation device can be inserted past an external os into the cervical canal of the patient,
and past an internal os of the patient to gain access to the uterus. In one embodiment, the distal
balloon can be positioned within the uterus distal to the internal os, the sealing balloon can be
positioned at or proximal to the internal os and extending into the cervical canal, and the
positioning balloon can be positioned within the cervical canal and extending proximally into or
towards the vagina.

[0042] Once the distal tip of the ablation device is disposed within the uterus, just distal to
the internal os, the distal balloon can be inflated to the desired pressure. In some embodiments,
the balloon can be inflated to a pressure of up to approximately 20 to 30 psi so as to prevent
accidental withdrawal of the ablation device from the uterus. It should be noted that at this point,
the distal balloon is positioned slightly past the internal os of the cervix. Inflation of the distal
balloon can later serve as an anchor to prevent the device from sliding proximally out of the
uterus. The user or physician can tug gently on the device to confirm that the distal balloon is in
the uterine cavity.

[0043] After inflating the distal balloon, the proximal balloon can be inflated to cause the
device to assume a positioned configuration, with the distal balloon fully seated against the
internal os and the positioning or proximal balloon expanded within the cervix and extending
past the external os into the vagina. As the proximal balloon is inflated, the balloon can expand
outwardly from the cervix into the relatively unconstrained space of the vagina, which creates a
compression force that pulls the device and the distal balloon proximally to engage against the
interior portion of the internal os (also known as the cervical ostium or cervical os).

[0044] Fig. 2 illustrates ablation device 100 inserted into the uterus of a patient with balloons
108, 110, and 112 inflated as described above. Once the distal and proximal balloons are
inflated, the central balloon can be inflated to provide additional sealing along the length of the
cervical canal. The middle balloon can also be the location of a thermocouple or temperature
sensor configured to sense temperature readings in the cervix. If these temperature readings
reach a threshold value, such as greater than 44 degrees C, the controller can automatically pause
vapor delivery to avoid patient injury. This thermocouple can be tested or verified at the start of
the procedure by the controller which queries the thermocouple following placement in the
patient to ensure the thermocouple is connected and reading a temperature.

[0045] After positioning the ablation device but prior to delivery of vapor, it can be
advantageous to assess the integrity of the uterus to test that the vapor delivery tip of the device
is positioned within a sealed uterus and to test that there is flow between the inflow and outflow

lumens, by performing an integrity test and a patency test. The amount of fluid and rate in which
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it flows into the uterine cavity can provide the physician an indication of the size of the uterine
cavity and whether the device is in a false passage. An integrity test can asses that the uterus is
sealed, and determine leaks originating from 1) perforations to the uterine wall, or 2) leaks from
inadequate sealing at the cervix or 3) leaks from the fallopian tubes.

[0046] A second test that made an assessment for patency, referred to as the device lumens
patency test or patency test, could provide an indication to the physician whether the device was
clogged with debris or placed within a false passage. This additional information to the
physician, in conjunction with the integrity test, can provide greater assurance to the physician of
device location during “blind” endometrial ablation procedures.

[0047] In clinical use, a uterine integrity and patency test could be useful for additional
uterine procedures besides uterine ablation procedures such as the implantation of a device,
implant, or a diagnostic or therapeutic agent. In these cases, a separate unit or module that can
conduct a uterine integrity and patency test, sequentially, separately, or individually, with a
separate uterine cavity introducer can be employed without a uterine ablation device or system.
[0048] In one embodiment, a uterine integrity test can contain the following elements and
steps. Referring to Figs. 1A-1B and Fig. 2, gas/fluid source 122 can be connected to pressure
regulator 124 comprising either one regulator or an additional back pressure regulator. The
gas/fluid source can contain a gas, such as COy, or inert gases, or a fluid, such as saline, Ringer’s
Lactate, non-isotonic solutions, glycerine, and mineral oil for example. The regulator 124 can be
configured to keep the pressure of the external gas source below a safety threshold value. In one
embodiment, the safety threshold value can be approximately 70mm Hg. The actual pressure
amount or graduation may not be monitored and may not need to be. The fluid or gas from
gas/fluid source 122 can be driven at a constant pressure bounded by the safety threshold value
(e.g., can be bounded by the maximum pressure tre uterus will see during treatment, such as
70mm Hg). In addition, it can be useful to operate a uterine integrity test at a pressure equal to
higher than the pressure required for conducting the endometrial ablation or other uterine
procedure.

[0049] In one embodiment, gas/fluid pressure can be achieved by elevating the gas/fluid
source 122 a height distance above the uterine cavity to create pressure. This height elevation
can be verified by a measuring stick, tape or laser. An example of a clinically used height for a
saline bag would be at least 30 inches above the patient’s uterus. At this height, the pressure
would be between 50 and 70 mmHg. This pressure is low enough to be below the reported
opening pressure of the fallopian tubes. In addition, a pressure sensor within the uterine cavity
can verify that the appropriate amount of pressure is being applied for the integrity test and

patency tests. A self-adjusting feedback mechanism can be employed to raise or lower the
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pressure of the saline source in response to pressure measurements taken from within the uterine
cavity. As an example, this feedback mechanism can raise or lower the height of the saline
source in response to the pressure measurements taken from within the uterine cavity.

[0050] In some embodiments, the system can measure a flow rate of gas/fluid exiting the
distal lumen of the uterine device or uterine ablation device during the uterine integrity test. This
flow rate can also be used to determine the proper pressure or height of the gas/fluid source. For
instance, flow rate readings can be taken while the gas/fluid source is at a certain height and the
uterine device maintained within a known condition or in free space. As the height of the
gas/fluid source is raised or lowered, the flow rate of the gas/fluid will respond accordingly until
the gas/fluid source is placed at a height at the desired flow rate, or is pressurized to the desired
amount. Likewise, the gas/fluid source can be raised or lowered by a self-adjusting feedback
mechanism in response to the measured flow rate.

[0051] In some embodiments, the uterine ablation device can further include a flow meter
126 having a read out mechanism (not shown) to the end user. In one embodiment, the flow
meter can comprise an ultrasound sensor, or an optical sensor configured to sense the drip rate of
the gas/fluid. In some embodiments, the flow meter can be disposed near distal tip 106 of the
device. In other embodiments, the flow meter can be disposed within an outflow lumen of the
device. In yet another embodiment, the flow meter can be disposed external to the device but
along the flow path between gas/fluid source 122 and the ablation device. The flow meter can be
configured to measure and report a flow rate of fluid/gas or vapor as it moves through or exits
the uterine ablation device. The read out mechanism can be numerical, graphical, or icon based.
Other variations include various audio and visual signals, indicia, qualitative indicia, alarms, and
color identifiers. A filter may or may not be attached to the flow meter.

[0052] ©  Referring to Figs. 2 and 3, to perform a uterine integrity test, gas, such as CO;, or a
fluid, such as saline, can be delivered from the gas/fluid source 122, through a pressure regulator,
and through a flow meter 126 into the uterine ablation device 100. As shown in Fig. 3, the
gas/fluid can be delivered into the uterus via both inflow lumen 129 and outflow lumen 131. In
one specific embodiment, a saline such as 0.9% NaCl can be delivered into the uterus during a
uterine integrity test, to determine whether there are leaks in the uterus or cervical canal through
which vapor could escape during an ablation procedure. The uterine ablation device 100 can be
coupled to an energy génerator 124 and controller 123 for uterine ablation therapy. The vapor
generator can be, for example, a vapor generator (as shown), but can also be any other type of
energy generator, such as an RF energy generator, a cryotherapy generator, etc. Any type of
energy modality can be used to ablate or treat the uterus after performing the integrity and

patency tests described herein. The energy generator 124 can also include an air pump
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configured to supply air to the various balloons in the system, such as the distal, central, and
proximal balloons or the balloon valves.

[0053] In one embodiment, a one way valve 127 as seen in Fig. 3 can be located between the
flow meter 126 and the uterine ablation device 100. In other variations the one way valve 127
can be located in the handle of the uterine ablation device 100 as well as other components such
as the flow meter 126 and valves 128a, 128b, and 128c. The one way valve can reduce or
eliminate retrograde flow of saline during uterine contractions. The one way valve is
characterized as providing low resistance to flow in one direction (towards the uterine cavity)
and high resistance to flow in the retrograde direction (towards the gas/fluid source).
Advantageously the one way valve can stabilize flow values because retrograde flow values are
eliminated. By reducing the sinusoidal wave patterns that can be caused by uterine contractions
or relaxations, movements by the patient, or inadvertent manipulations of the inflow line or the
patient herself by the physician or medical staff, the procedure time is reduced. This filtering out
of negative flow values isolates positive components of flow, reduces noise in flow rate values,
thereby accelerating the interpretation of flow rate data and reducing procedural time. A fiso
airline can connect a reference pressure transducer 125 to the outflow line of the integrity test
saline flow pathway.

[0054] A controller of the uterine ablation device, either integrated into the device or into the
vapor generator coupled to the device, can be configured to open and close valves 128a, 128b,
and 128c to allow gas or fluid to flow from source 122 into the inflow and outflow lumens 129
and 131 of the ablation device 100. Valves 128a, 128b, and 128c¢ can be any type of valve
known in the art, such as solenoid valves, inflatable balloons, air cylinders, or electric/hydraulic
actuators or cams and gears. During a uterine integrity test, the controller can be configured to
open valves 128a and 128b and close valve 128c, to prevent passage of gas/fluid into the waste
container 133. This allows gas or fluid to flow from source 122, through flow meter 126,
through one way valve 127 and valves 127a and 128b, and into inflow lumen 129 and outflow
lumen 131. As the gas or fluid enters the uterus, the flow meter can measure an integrity flow
rate of the gas or fluid.

[0055] In one embodiment, the controller of the uterine ablation device or the vapor
generator can run an integrity test algorithm to determine if the uterus is sealed. The algorithm
can analyze data from the flow meter during the integrity test as gas/fluid is delivered into the
uterus. Specifically, the algorithm can analyze a maximum flow rate and a minimum flow rate
during an integrity test time window. The integrity test time window can be, for example, a
rolling time window of a pre-selected duration. In one specific embodiment, the algorithm

analyzes a maximum flow rate and a minimum flow rate continuously during a rolling 15-second
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integrity test time window. For each rolling integrity test time window, the minimum and
maximum flow rates can be calculated. The difference between the minimum and maximum
flow rates in each integrity test time window can be calculated to yield a delta flow value
(maximum flow rate minus minimum flow rate), which can be used as an indicator of the
stability of flow. For example, the larger the delta flow value, the less stable the flow of
gas/fluid, and the smaller the delta flow value, the more stable the flow of gas/fluid. If the
maximum flow rate and the delta flow value of gas or fluid stabilizes below an integrity
threshold value, the controller can determine that the uterus is sealed. Importantly, the test is
comprised of two algorithms that compare flow to an integrity threshold value concurrently with
a second algorithm that compares the delta flow value to the integrity threshold value, and uses
both of these comparisons to determine the ultimate outcome of the integrity test. The
application of both of these comparisons provides greater sensitivity in the test results.

[0056] In some embodiments, this integrity flow rate delta threshold value can be
approximately 5 ml/min. Therefore, in some embodiments, a uterus is considered to “pass” the
uterine integrity test if both the maximum flow rate and the integrity flow rate delta threshold
value are below 5ml/min over a rolling integrity test time window. Alternatively, the test can
include different thresholds for maximum flow rate and the delta flow value.

[0057] In some embodiments, the uterine integrity test can run for a pre-set time period. For
example, the test can run for 60 seconds, and subsequent rolling 15-second windows can be
analyzed to determine if the uterus is sealed during the 60 second time period. In another
embodiment, the delta flow value can be defined as a standard deviation of the average flow that
is compared to a threshold value. This delta flow value can then be compared to the threshold
value to determine if the uterus is sealed.

[0058] In some embodiments, the return channel comprises a valve 128c, such as a solenoid
valve, air cylinder, electric/hydraulic actuators, cams and gears or pump/inflatable balloon,
which can be activated upon the start of the integrity test to close off the egress of the gas/fluid
through the return channel of the uterine ablation device. When the return flow of gas/fluid
through the return channel is stopped with the valve, a change of flow can be detected by the
flow meter 126 on the input line. In addition to determining if there is a leak or if the device is
positioned properly, the specifics of the changes in flow (e.g., how the flow reacts to closing of
the return line with the valve) can provide the following the indications in some cases: a) the
size of the uterine cavity; and b) the presence of a leak or lack of integrity in the system. For
instance in clinical use with uteri of varying sizes, an integration under the graphical curve of
flow rate versus time provides a volume assessment of the size of uterine cavity. The amount of

volume can provide the physician information not only on the size of the uterus, but whether the
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device is improperly embedded in a false passage (smaller volume amount) or in the peritoneal
cavity (larger volume amount).

[0059] Immediately after performing the integrity test above, the amount of flow in the
inflow and outflow channels can be measured in a patency test and used to determine the
presence of an obstruction that may affect the flow of vapor during the ablation procedure.
Based on this determination or patency test, the device may be repositioned or replaced prior to
delivery of vapor. For example, in one embodiment, referring to Fig. 4, a method of performing
a patency test can comprise delivering gas or fluid from inflow lumen 129 of the uterine device
into the uterus, also referred to as the fluid infusion tip, removing gas or fluid from the uterus
with outflow lumen 131 of the uterine device, also referred to as the fluid outflow tip, and
determining that the uterine device is not clogged or embedded in tissue if a flow rate of gas or
fluid is observed in the flow meter of the inflow lumen of the uterine device. In Figs. 3-4, valves
128a and 128b control the flow of gas/fluid to the uterine ablation device 100 and valve 128¢c
control the flow of gas/fluid from the outflow lumen 131 into the outflow canister or waste
container 133. Control of the valves 128a and 128b and 128c¢ can be performed by a separate
controller and software unit shown as 123.

[0060] If it has been determined that the uterus is sealed based on the integrity test performed
and described in Fig. 3, the controller can also be configured to perform a patency test. In one
embodiment, referring to Fig. 4, the controller can be configured to open valves 128b and 128c,
but close valve 128a. This allows gas or fluid to flow from source 122, through flow meter 126,
through one way valve 127 and valve 128b, and into inflow lumen 129. Gas or fluid can be
removed through outflow lumen 131, through valve 128c, and into a waste container 133. As the
gas or fluid enters and is removed from the uterus, the flow meter can measure a patency flow
rate of the gas or fluid. If the patency flow rate is maintained above a patency flow rate
threshold value, the controller can determine that the device is not clogged or embedded into
tissue. In some embodiments, observing or measuring a flow of fluid or gas in outflow lumen
131 can be used to determine that the device is not clogged or embedded in tissue. A flow rate
above a patency test threshold during a rolling patency test time window can indicate that the
lumens are not clogged or that the distal end of the uterine ablation device is not embedded into
tissue.

[0061] In one specific embodiment, the patency test threshold can be greater than 5 ml/min,
and the rolling patency test time window can be a 5 second time period. Thus, the flow meter
can measure the patency flow rate in rolling patency time windows (e.g., rolling 5 second
periods) and the controller can analyze the measured rate. If the patency flow rate is maintained

above the patency test threshold (e.g., S ml/min) during a rolling patency time window, then the
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patency test is considered passed and the test can be stopped. Passing the patency test indicates
that the uterine ablation device is not obstructed or placed in false passage. If the patency test
threshold is not satisfied, the physician should repeat the insertion steps and/or repeat the
integrity test and patency test prior to initiating uterine ablation. When the patency flow rate is
below the threshold of 5 ml/min during the rolling patency test time window, the uterine ablation
device may need to be repositioned.

[0062] During the transition from the end of integrity test to the start of the patency test, the
uterine cavity can be substantially filled with the gas/fluid provided during the integrity test. As
described above, the closed outflow valve during the integrity test prevents gas or fluid from
exiting the uterine cavity into the waste container 133. In one embodiment, it is desirable for
valve 128c¢ to be opened only partially in the range of 20-50% open for a flow rate greater than 5
ml/min and less than 40 ml/min so the uterine cavity distension achieved during the integrity test
is temporarily maintained when the patency test checks for open flow through the uterine
ablation device. Certain types of valves are better suited for partial opening. For example,
balloon valves can be pulsed at various duty cycles to partially open the valve. The higher the
duty cycle, the more quickly the valve can be opened. Partial opening of the valve prevents the
uterine cavity from collapsing too quickly around the tip of the uterine ablation device which, in
some instances, may cause a false positive failure of the patency test. In one embodiment, partial
opening of the valve can be achieved by pulsing the opening of the valve at a specified duty
cycle until flow through the vapor probe begins, or alternatively until the uterine pressure begins
to drop. In another embodiment, the valve 128c¢ can be opened rapidly just until flow through
the valve begins. This rapid drop opening of the valve can be achieved by pulsing the valve
initially with a high duty cycle, then shortening the pulsing (or lowering the duty cycle) as the
valve approaches the range where flow through the valve begins. Once the patency flow rate
increases above a threshold (or by a specific rate of increase), the valve can be maintained.
[0063] In one specific embodiment, the valve 128c can be a balloon filled to as much as 20
psig to occlude the tubing leading to waste container 133. The balloon valve can be pulsed open
for up to 40 msec every 200 msec until the balloon pressure falls to as low as 5 psig. The valve
opening time can then be reduced even further until the balloon pressure falls to between 3-4
psig. The valve can continue to be pulsed until flow increases to a level of 0.20 ml/min or until
flow rises above the threshold value (e.g., above 5 ml/min).

[0064] Fig. 5 shows one specific embodiment where the outflow valve (e.g., valve 128¢ from
Fig. 3) comprises an inflatable balloon. Inflating the balloon causes obstruction of the outflow
lumen of the uterine ablation device, and deflating the balloon allows flow out of the device and

into the waste container. Fig. 5 shows the outflow valve pressure 136 (mmHg), the flow 138
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(ml/min) through the uterine ablation device, and the uterine cavity pressure 140 (mmHg) during
a typical patency test. At the completion of a typical integrity test, the cavity pressure should be
above 52mmHg, the outflow valve pressure about 20psi, and the flow through the uterine
ablation device close to zero. In the first few seconds of the patency test, the outflow valve
pressure decreases rapidly, then the rate of deflation decreases to zero as flow through the device
begins, shown by arrow 142. The cavity pressure drops gradually as flow increases. The
patency algorithm can run concurrently with deflation of the outflow valve. In some
embodiments, the deflation period of the outflow valve is typically from 3 to 40 msec.

[0065] Upon successful completion of the integrity and patency test, the controller of the
uterine ablation device can automatically begin the treatment process. The treatment process can
comprise delivering vapor through the outflow lumen and vapor ports of the uterine ablation
device. To collect condensate, debris, and byproducts of the ablation process, and free flowing
vapor, the return lumen can include a micro-porous filter at its distal end. A fiber optic pressure
sensor can be located within the filter to ensure that the treatment pressure stays within a
prescribed range. Pressure control can be achieved through a series of valves that automatically
engage and disengage to maintain the treatment pressure within the prescribed range. If the
pressure sensor records values too low or too high, the device can automatically pause vapor
delivery and alert the physician of the condition that caused discontinuation of vapor delivery.
[0066] The uterine ablation device can further include an interrupt button and on-screen
button to pause the procedure, if necessary, at any time during the procedure. As described
above, a thermocouple can be located in the lumen that exhausts vapor from the uterine cavity.
This thermocouple can provide post-procedural feedback on the temperature of the byproducts
flowing through the outflow line and into the waste container. This temperature provides an
indication of the amount of vapor that has circulated through the cavity and exited through the
return lumen and outflow tubing.

[0067] Ablation is achieved by imposing elevated temperatures on the endometrial tissue for
long enough duration to bring about cell necrosis. Water vapor’s unique feature is the high
concentration of thermal energy that is characteristic of the vapor phase. The easy extraction of
the concentrated thermal energy by means of condensation enables high rates of heat transfer to
be applied to the walls of the uterine cavity. The vapor is delivered in the uterine cavity at a
prescribed pressure range and at a saturation temperature that is approximately one degree above
the normal boiling temperature of water. The uterine surface temperature is below that of the
vapor, giving rise to sustained condensation.

[0068] The rate of utilized vapor flow can be auto-regulated by the rate of condensation and

the rate at which heat penetrates the uterine tissue. If the rate of delivered vapor flow exceeds

-17-



10

15

20

25

30

35

WO 2015/179666 PCT/US2015/032009

the auto-regulated value, it will leave the uterine cavity through the return lumen and outflow
tubing of the device. The thermal energy deposited on the uterine wall by condensation
penetrates the uterine tissue by two transport mechanisms. One of these is heat conduction,
which is a molecular-level process that is indigenous to all media. A second transport
mechanism is due to blood perfusion, which is a seepage-like process. Heat is carried by the
perfusing blood, also called the “heat sink™ effect. Therapeutic cell necrosis is achieved both
maintaining elevated temperatures at the inner surface of the uterus and a long enough period to
achieve the desired depth of ablation. Since an excess of vapor at a prescribed pressure and
period of time is supplied during the procedure to achieve ablation, a large range of cavity sizes
can be treated uniformly to the desired depth without the need to adjust the treatment parameters.
Uniformity of coverage within the cavity is achieved by the continuous supply of steam that
circulates within the cavity prior to exiting through the return lumen and outflow tubing.

[0069] At the completion of treatment at a predetermined time, which can be less than 140
seconds in one embodiment, the delivery of vapor is stopped by the controller and generator unit.
After the cessation of vapor delivery, the generator can query the intrauterine pressure sensor to
ensure that internal pressure values have now dropped. Upon reaching a satisfactory level, the
system automatically deflates the balloons holding the device in the cervix and the physician can
be notified that the delivery device is now ready for removal from the patient. Following this
step, the system can unlock the uterine ablation device from the generator and the delivery
device can be discarded.

[0070] Once treatment is completed, the system also prompts the end user if another patient
is about to be treated. If so, the system repeats the steps described above. If there is not another
patient to be treated, the excess fluid can be drained from the generator.

[0071] As for additional details pertinent to the present invention, materials and
manufacturing techniques may be employed as within the level of those with skill in the relevant
art. The same may hold true with respect to method-based aspects of the invention in terms of
additional acts commonly or logically employed. Also, it is contemplated that any optional
feature of the inventive variations described may be set forth and claimed independently, or in
combination with any one or more of the features described herein. Likewise, reference to a
singular item includes the possibility that there are plural of the same items present. More
specifically, as used herein and in the appended claims, the singular forms "a," "and," "said," and
"the" include plural referents unless the context clearly dictates otherwise. It is further noted that
the claims may be drafted to exclude any optional element. As such, this statement is intended to
serve as antecedent basis for use of such exclusive terminology as "solely," "only" and the like in

connection with the recitation of claim elements, or use of a "negative" limitation. Unless
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defined otherwise herein, all technical and scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art to which this invention belongs. The
breadth of the present invention is not to be limited by the subject specification, but rather only

by the plain meaning of the claim terms employed.
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CLAIMS

WHAT IS CLAIMED IS:

1. An endometrial vapor ablation system, comprising:

a vapor generator;

a uterine ablation device coupled to the vapor generator, the uterine ablation device
configured for insertion into a uterine cavity of a patient;

a control system coupled to the uterine ablation device and the vapor generator, the
control system being configured to automatically perform a pre-procedural sterilization of the
vapor generator and the uterine ablation device, the control system configured to prep the uterine
ablation device for vapor delivery, the control system configured to test safety components of the
uterine ablation device prior to and after insertion into the patient, the control system configured
to monitor the application of vapor energy, monitor temperature reading at identified locations
on the uterine ablation device, and the control system being configured to implement shutdown

of the vapor generator following vapor delivery.

2. The system of claim 1, wherein the electronic controller is configured to prompt an end

user of the uterine ablation device if the pre-procedural sterilization fails to initiate or complete.

3. The system of claim 1, wherein the electronic controller is configured to prompt an end
user of the uterine ablation device if the testing of the safety components indicates an error in the

system.

4. The system of claim 1, further comprising a distal anchor balloon, a central sealing

balloon, and a proximal positioning balloon disposed on a shaft of the uterine ablation device.

5. The system of claim 4, further comprising a temperature sensor positioned near the
central sealing balloon and configured to measure a temperature inside an endocervix of the

patient.
6. The system of claim 4, further comprising one or more pressure sensors configured to

measure a pressure of each of the distal anchor balloon, the central sealing balloon, and the

proximal positioning balloon.
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7. A method of providing vapor therapy to a uterus of a patient, comprising the steps of:

sensing a fluid level of a vapor generator;

heating the vapor generator to prepare a condensable vapor;

priming the condensable vapor through a uterine ablation device coupled to the vapor
generator to sterilize the uterine ablation device;

comparing a pressure sensor value within the uterine ablation device to a pressure sensor
value within the vapor generator;

verifying the integrity of a plurality of positioning and sealing balloons of the uterine
ablation device;

delivering condensable vapor from the uterine ablation device into the uterus; and

during the delivering step, monitoring a temperature in a cervix of the patient and
automatically terminating delivery of condensable vapor if the temperature exceeds a threshold

value.

8. The method of claim 7, wherein the threshold value comprises 44 degrees C.
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