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uterus is provided, which can include any number of features. The method

can include the steps of inserting a uterine device into the uterus and performing a uterine integrity test to determine that the uterus
is intact and not perforated. If it is determined that the uterus is not perforated, a patency test can be performed to determine that

the uterine device is not clogged or embedded in tissue.

If the uterus is intact and the device is not clogged or embedded in tissue,

the uterus can be treated with the uterine device, e.g., uterine ablation. Systems for performing these methods are also disclosed.

50 rue Victoria ¢ Place du Portage 1 ® Gatineau, (Québec) KI1AOC9 e www.opic.ic.gc.ca i+l

50 Victoria Street e Place du Portage 1 e Gatineau, Quebec KIAO0C9 e www.cipo.ic.gc.ca ( Eal lada



wo 2013/052967 A 1[I0 O 0 00O

CA 02851355 2014-04-07

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(43) International Publication Date

(10) International Publication Number

WO 2013/052967 Al

Campus Drive, Suite 210, San Mateo, CA 94403 (US).

11 April 2013 (11.04.2013) WIPOIPCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
A61B 18/18 (2006.01) kind of national protection available): AE, AG, AL, AM,
D) I tional Aoolication Number- AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(21) International Application Number: PCTIUSI012/059364 BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
9 October 2012 (09.10.2012) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
- . ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(25) Filing Language: English NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
(26) Publication Language: English RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
(30) Priority Data: M, ZW.
61/544,890 7 October 2011 (07.10.2011) Us
(84) Designated States (uniess otherwise indicated, for every
(71) Applicant: AEGEA MEDICAL INC. [US/US]; 2686 kind of regional protection available). ARIPO (BW, GH,
Middlefield Road, Suite A, Redwood City, CA 94063 GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
(US). UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
(72) Tnventors: PELIKS, Robert, Bilgor; 2686 Middlefield TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
. . EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
Road, Suite A, Redwood City, CA 94063 (US). GURS-
et . . MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
KIS, Donnell, William; 2686 Middlefield Road, Suite A,
. TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW,
Redwood City, CA 94063 (US). BACICH, Steven, ML, MR, NE, SN, TD, TG)
Robert; 2686 Middlefield Road, Suite A, Redwood City, i T T T ’
CA 94063 (US). CHEE, Uriel, Hiram; 2686 Middlefield Published:
Road, Suite A, Redwood City, CA 94063 (US). —  with international search report (Art. 21(3))
(74) Agents: THOMAS, Justin et al.; Shay Glenn Llp, 2755

Fig. 1A

108
107 112

(54) Title: INTEGRITY TESTING METHOD AND APPARATUS FOR DELIVERING VAPOR TO THE UTERUS

(57) Abstract: A method and system of
providing therapy to a patient's uterus is
provided, which can include any number of
features. The method can include the steps
of inserting a uterine device into the uterus
and performing a uterine integrity test to
determine that the uterus is intact and not

] perforated. If it is determined that the uter-

106f 1o \

102

118 — >

J us is not perforated, a patency test can be
performed to determine that the uterine
device is not clogged or embedded in tis-
sue. If the uterus is intact and the device is
not clogged or embedded in tissue, the uter-

122 us can be treated with the uterine device,

— e.g., uterine ablation. Systems for perform-
| ing these methods are also disclosed.

124




CA 2851355

INTEGRITY TESTING METHOD AND APPARATUS
FOR DELIVERING VAPOR TO THE UTERUS

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority from U.S. Patent Application No. 61/544,890, filed
October 7, 2011, titled “Integrity Testing Method and Apparatus for Delivering Vapor to the

Uterus”.

FIELD OF THE DISCLOSURE
[0002] 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
[0003] 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.
[0004] One prior technique for performing endometrial ablation employs a resectoscope (i.€., 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
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the uterus have been described. Uterine therapies employing a contained fluid have also been
described.

[0606] 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 ablation 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 ultrasound as the energy source. 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 isa
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perforation, an unsealed cervical canal, or the effect of excess fluid exiting the fallopian tubes,
can be discerned. Stern et al. (US 3,562,720) 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
check for fluid imbalances between an input source and output collection using volume
measurements. Other approaches mention using flow rate and pressure measurements.

[00010] In practice, it would be beneficial to the physician to have an indicator of the proper
location of the endometrial treatment device during “blind” procedures.

[00011] During integrity testing, it would be beneficial if the uterine contractions did not

impact the readings or interpretation of the integrity test.

SUMMARY OF THE DISCLOSURE
[00012] In some embodiments, a method of performing a procedure on a uterus of a patient is
provided, comprising performing a uterine integrity test comprising inserting a uterine device
into the uterus of the patient, delivering gas or fluid from an inflow lumen of the uterine device
into the uterus, measuring a flow rate of the gas or fluid as it is delivered into the uterus,
determining that the uterus is sealed if the flow rate decreases below a flow rate threshold value,
and after performing the uterine integrity test and determining that the uterus is sealed,
performing a patency test for the uterine device comprising delivering gas or fluid from the
inflow lumen of the uterine device into the uterus, removing gas or fluid from the uterus with an
outflow lumen of the uterine device, determining that the uterine device is not clogged or
embedded in tissue if a flow rate of gas or fluid is observed in the outflow lumen of the uterine
device.
[00013] In one embodiment, the uterine device is a uterine ablation device.
[00014] In another embodiment, fluid flow is observed in a flow meter of the outflow lumen.
[0001S5] In some embodiments, the determining that the uterus is sealed step further comprises
determining that the uterus is sealed if the flow rate decreases below a flow rate threshold value
within a predetermined time period.
[00016] In particular embodiments, a one way valve in the inflow lumen of the uterine device
reduces or eliminates retrograde flow from the uterus back through the uterine device. In one
embodiment, the one way valve prevents retrograde flow and sinusoidal wave forms in response

to uterine contractions.



10

I5

20

25

30

CA 02851355 2014-04-07
WO 2013/052967 PCT/US2012/059364

[00017] In some embodiments, the determining that the uterus is sealed step further comprises
determining that the uterus is sealed if the flow rate decreases to zero after the predetermined
time period.

[00018] In one embodiment, the delivering steps further comprise delivering gas or fluid from
the inflow lumen of the uterine device into the uterus at a constant pressure bounded by a safety
threshold pressure. In some embodiments, the safety threshold pressure is approximately 70mm
Hg.

[00019] In some embodiments, the flow rate threshold value is between 2 and Sml/min.
[00020] In one embodiment the method further comprises, during the patency test,
determining that the uterine device is clogged or embedded in tissue if the return flow of gas or
fluid is not observed in the outflow lumen of the uterine device.

[00021] Insome embodiments, the method further comprises, during the uterine integrity test,
determining that the uterus has a perforation that is sealed at lower pressures and is opened at
higher pressures if the flow rate oscillates between a low level and a high level.

[00022] In additional embodiments, during the uterine integrity test, the determining that a
uterus is sealed step further comprises determining that the uterus is sealed if the flow rate
averages approximately zero or the flow rate average is below a threshold value over a
predetermined time period.

[00023] In some embodiments, the method further comprises, after determining that the uterus
is sealed and that the uterine ablation device is not clogged or embedded in tissue, delivering a
heated condensable vapor to the uterus to ablate uterine tissue.

[00024] In one embodiment the method further comprises assessing a volume of gas or fluid
delivered in the integrity test to estimate a size of the uterus.

[00025] In additional embodiments, the method further comprises assessing a volume of gas
or fluid delivered in the integrity test to estimate a location of a distal tip of the uterine device
within the uterus.

[00026] Some embodiments further comprise assessing a flow rate of gas or fluid delivered in
the integrity test to estimate a location of a distal tip of the uterine device within the uterus. In
other embodiments, assessing the volume indicates that the distal tip is in a false passage.
Additional embodiments comprise assessing the flow rate indicates that the distal tip is in a false
passage. In some embodiments, assessing the volume indicates that the distal tip is in the
patient’s peritoneal cavity. In other embodiments, assessing the flow rate indicates that the distal

tip is in the patient’s peritoneal cavity.
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[00027] In one embodiment, the delivering gas or fluid step of the uterine integrity test further
comprises delivering gas or fluid from inflow and outflow lumens of the uterine device to the
uterus.

[00028] In another embodiment, the performing a uterine integrity test step further comprises
removing gas or fluid from the uterus with an outflow lumen of the uterine ablation device,
measuring an outflow flow rate of gas or fluid in the outflow lumen, and comparing the flow rate
of gas or fluid delivered into the uterus to the outflow flow rate of gas or fluid in the outflow
lumen to provide a dynamic measurement for the presence of leaks in the uterus.

[00029] In some embodiments, the removing gas or fluid step of the patency test further
comprises removing gas or fluid from the uterus with an outflow lumen of the uterine device
positioned distally from the inflow lumen of the uterine device.

[00030] In another embodiment, the delivery step is automatically initiated by module
controller of the uterine ablation device.

[00031] Another method of performing a patency test for a uterine ablation device is
provided, comprising inserting the uterine ablation device into a uterus of a patient, delivering
gas or fluid from an inflow lumen of the uterine ablation device into the uterus, removing gas or
fluid from the uterus with an outflow lumen of the uterine ablation device, and determining that
the uterine ablation device is not clogged or embedded in tissue if a return flow of gas or fluid is
observed in the outflow lumen of the uterine ablation device.

[00032] A method of performing a procedure on a uterus of a patient is also provided,
comprising performing a uterine integrity test comprising inserting a uterine ablation device into
the uterus of the patient, delivering gas or fluid from an inflow lumen of the uterine ablation
device into the uterus, measuring a flow rate of the gas or fluid as it is delivered into the uterus,
determining that the uterus is sealed if the flow rate decreases below a flow rate threshold value,
and after performing the uterine integrity test and determining that the uterus is sealed,
monitoring changes in intrauterine pressure to determine if contractions are occurring.

[00033] In some embodiments, a method of performing a procedure on a uterus of a patient
comprises performing a uterine integrity test comprising inserting a uterine ablation device into
the uterus of the patient, delivering gas or fluid from an inflow lumen of the uterine ablation
device into the uterus measuring a flow rate of the gas or fluid as it is delivered into the uterus,
determining that the uterus is sealed if the flow rate decreases below a flow rate threshold value,
and eliminating retrograde flow through the inflow lumen with a one way valve in response to

uterine contractions.
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[00034] In some embodiments, the one way valve reduces noise in a flow meter of the inflow
lumen caused by uterine contractions or relaxations, movements by the patient, or manipulations
of the patient or inflow lumen by the physician or medical staff.

[00035] A method of performing a procedure on a uterus of a patient is provided, comprising
performing a uterine integrity test comprising inserting a uterine device into the uterus of the
patient, delivering a fluid from an inflow lumen of the uterine device into the uterus, measuring a
delivery flow rate of the fluid as it is delivered into the uterus, determining that the uterus is
sealed if the flow rate decreases below a flow rate threshold value, and providing fluid at a
known flow rate to the uterus with the uterine device, diverting the fluid through a known orifice
proximal to the uterine device, and measuring a diversion flow rate that is diverted to assess the
integrity of the uterine cavity.

[00036] In some embodiments, the uterine device is a uterine ablation device.

[00037] A method of performing a procedure on a uterus of a patient is provided, comprising
inserting a uterine ablation device into the uterus of the patient, delivering gas or fluid from an
inflow lumen of the uterine ablation device into the uterus, measuring a flow rate of the gas or
fluid as it is delivered into the uterus, distending the uterus with the delivered gas or fluid,
determining that the uterus is sealed if the flow rate decreases below a flow rate threshold value,
eliminating retrograde flow through the inflow lumen with a one way valve in response to
uterine contractions, determining that the uterine ablation device is not clogged or embedded in
tissue if a return flow of gas or fluid is observed in an outflow lumen of the uterine ablation
device, treating the uterus of the patient without reducing distension pressure with the uterine
ablation device immediately following the step of determining that the uterine ablation device is
not clogged and the uterus is sealed.

[00038] In one embodiment, a method of performing a procedure on a uterus of a patient,
comprises inserting a uterine ablation device into the uterus of the patient, delivering gas or fluid
from an inflow lumen of the uterine ablation device into the uterus, measuring a flow rate of the
gas or fluid as it is delivered into the uterus, distending the uterus with the flow of gas or fluid,
determining that the uterus is sealed if the flow rate decreases below a flow rate threshold value,
eliminating retrograde flow through the inflow lumen with a one way valve in response to
uterine contractions, determining that the uterine ablation device is not clogged or embedded in
tissue if a return flow of gas or fluid is observed in the outflow lumen of the uterine ablation

device, and treating the uterus of the patient with the uterine ablation device immediately
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following the step of determining that the uterine ablation device is not clogged and the uterus is
sealed without reducing distension pressure in the uterus of the patient.

[00039] A uterine treatment device is provided, comprising a shaft sized and configured for
insertion into a uterus of a patient, inflow and outflow lumens disposed along a length of the
shaft, at least one inflow port disposed at a distal end of the inflow lumen, at least one outflow
port disposed at a distal end of the outflow lumen, a gas/fluid source operatively coupled to the
inflow and outflow lumens, at least one flow meter disposed between the gas/fluid source and
the shaft, and a controller configured deliver gas or fluid from the gas/fluid source through the
inflow lumen into the uterus, detect with the at least one flow meter an integrity flow rate of gas
or fluid as it is delivered into the uterus, and determine that the uterus is sealed if the integrity
flow rate decreases below an integrity flow rate threshold value, the controller also configured to,
if it is determined that the uterus is sealed, deliver gas or fluid through the inflow lumen into the
uterus, remove gas or fluid from the uterus with the outflow lumen, detect with the at least one
flow meter a patency flow rate of gas or fluid, and determine that the uterine treatment device is
not clogged or embedded in tissue based on the patency flow rate.

[00040] In one embodiment, a uterine treatment device comprises a shaft sized and configured
for insertion into a uterus of a patient, inflow and outflow lumens disposed along a length of the
shaft, at least one inflow port disposed at a distal end of the inflow lumen, at least one outflow
port disposed at a distal end of the outflow lumen, a gas/fluid source operatively coupled to the
inflow and outflow lumens, at least one flow meter disposed between the gas/fluid source and
the shaft, and a controller configured to perform a uterine integrity test by allowing gas or fluid
to flow from the gas/fluid source into the uterus without allowing for gas or fluid to be removed
from the uterus and monitoring an integrity flow rate of gas or fluid measured by the at least one
flow meter, the controller being further configured to perform a patency test by allowing gas or
fluid to flow from the gas/fluid source into the uterus, removing the gas or fluid from the uterus,
and monitoring a patency flow rate of gas or fluid measured by the at least one flow meter.
[00041] In some embodiments, the device further comprises a first valve disposed between the
gas/fluid source and the inflow lumen, a second valve disposed between the gas/fluid source and
the outflow lumen, wherein the controller is configured to perform the uterine integrity test by
opening the first valve and closing the second valve, wherein the controller is configured to
perform the patency test by opening the first and second valves.

[00042] In other embodiments, the device further comprises a first valve disposed between the

gas/fluid source and the inflow lumen, second and third valves disposed between the gas/fluid
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source and the outflow lumen, wherein the controller is configured to perform the uterine integrity
test by opening the first and second valves and closing the third valve to allow gas or fluid to flow
into the uterus through both the inflow and outflow lumens, wherein the controller is configured to
perform the patency test by opening the first and third valves and closing the second valve to allow
gas or fluid to flow into the uterus through the inflow lumen and to remove gas or fluid from the
uterus through the outflow lumen.

[0042A] The invention disclosed herein pertains to a device for use in performing a procedure on
a uterus of a patient, wherein the device is configured for insertion into the uterus and to perform a
uterine integrity test by delivering gas or fluid from an inflow lumen of the device into the uterus
and measuring a flow rate of the gas or fluid as it is delivered into the uterus to provide an
indication that the uterus is sealed if the flow rate decreases below a flow rate threshold value, and
wherein the device further comprises a one way valve in the inflow lumen to reduce or eliminate
retrograde flow of the gas or fluid from the uterus back through the device.

[0042B] The invention disclosed herein pertains to a device for use in performing a procedure on
a uterus of a patient, wherein the device is configured for insertion into the uterus and to carry out a
uterine integrity test by delivering gas or fluid from an inflow lumen of the device into the uterus
and measuring a flow rate of the gas or fluid as it is delivered into the uterus to provide an
indication that the uterus is sealed if the flow rate decreases below a flow rate threshold value; and
wherein the device is also configured to perform a patency test after said indication that the uterus
is sealed by delivering the gas or fluid from the inflow lumen of the device into the uterus,
removing the gas or fluid from the uterus with an outflow lumen of the uterine device and
providing an indication that the device is not clogged or embedded in tissue if a return flow of the
gas or fluid is observed in the outflow lumen of the device; and wherein the device comprises a one
way valve in the inflow lumen to reduce or eliminate retrograde flow of the gas or fluid from the
uterus back through the device.

[0042C] The invention disclosed herein pertains to a uterine treatment device, comprising: a
shaft sized and configured for insertion into a uterus of a patient; inflow and outflow lumens
disposed along a length of the shaft; at least one inflow port disposed at a distal end of the inflow
lumen; a one way valve disposed in the inflow lumen and configured to eliminate retrograde flow
from the uterus back through the uterine treatment device; at least one outflow port disposed at a
distal end of the outflow lumen; a gas/fluid source operatively coupled to the inflow and outflow

lumens; at least one flow meter disposed between the gas/fluid source and the shaft; and a
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controller configured to deliver gas or fluid from the gas/fluid source through the inflow lumen into
the uterus, detect with the at least one flow meter an integrity flow rate of the gas or fluid as it is
delivered into the uterus, and determine that the uterus is sealed if the integrity flow rate decreases
below an integrity flow rate threshold value; the controller also configured to, if it is determined
that the uterus is sealed, deliver the gas or fluid through the inflow lumen into the uterus, remove
the gas or fluid from the uterus with the outflow lumen, detect with the at least one flow meter a
patency flow rate of gas or fluid, and determine that the uterine treatment device is not clogged or
embedded in tissue based on the patency flow rate.

[0042D] The invention disclosed herein pertains to a uterine treatment device, comprising: a
shaft sized and configured for insertion into a uterus of a patient; inflow and outflow lumens
disposed along a length of the shaft; a one way valve disposed in the inflow lumen and configured
to eliminate retrograde flow from the uterus back through the uterine treatment device; at least one
inflow port disposed at a distal end of the inflow lumen; at least one outflow port disposed at a
distal end of the outflow lumen; a gas/fluid source operatively coupled to the inflow and outflow
lumens; at least one flow meter disposed between the gas/fluid source and the shaft; and a
controller configured to perform a uterine integrity test by allowing gas or fluid to flow from the
gas/fluid source into the uterus without allowing for the gas or fluid to be removed from the uterus
and monitoring an integrity flow rate of the gas or fluid measured by the at least one flow meter;
the controller being further configured to perform a patency test by allowing the gas or fluid to flow
from the gas/fluid source into the uterus, removing the gas or fluid from the uterus, and monitoring

a patency flow rate of the gas or fluid measured by the at least one flow meter.
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BRIEF DESCRIPTION OF THE DRAWINGS
[00043]  Figs. 1A-1B illustrate one embodiment of a uterine ablation device.
[00044]  Fig. 2 illustrates an integrity test of the uterine ablation device.
[00045]  Fig. 3 illustrates one configuration of an apparatus during a uterine integrity test.
[00046] Fig. 4 illustrates one configuration of an apparatus during a uterine patency test.
[00047]  Fig. 5 illustrates one configuration of a uterine ablation device during a vapor treatment
operation.
[00048] Fig. 6A illustrates one configuration of an apparatus during a uterine integrity test.
[00049] Fig. 6B illustrates another configuration of an apparatus during a uterine integrity test.
[00050]  Figs. 7A-7B illustrate an algorithm for one configuration of a uterine integrity and

patency tests.

DETAILED DESCRIPTION OF THE INVENTION
[00051]  Fig. IA 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 gas/fluid

source 122, pressure regulator 124, and flow meter(s) 126. Vapor ports
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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.

[00052] 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.

[00053] In one embodiment, a one way valve can be placed in the inflow lumen just distal or
past the flow meter from 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
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 in the presence of uterine
distension or when the uterine cavity is filled with gas/fluid, and in particular a fluid such as
saline. These contractions can push the fluid 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 this
location can eliminate retrograde fluid flow and stabilize readings for the flow meter during
episodes of uterine contractions.

[00054] 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,
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proper placement of the device and verifying the presence of flow between the inflow and
outflow lumens of the device.

[00055] 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
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.

[00056] 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.

[00057] 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 some 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 pharmacol(;gical dil_ation of the os prior to device

introduction.
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[00058] 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
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.

[00059] Placement of the ablation device of Figs. 1A-1B 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.

[00060] 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.
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[00061]  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). Fig.2
illustrates ablation device 100 inserted into the uterus of a patient with balloons 108, 110, and
112 inflated as described above.

[00062]  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
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 leaks from the fallopian tubes.

[00063] 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 within a false passage. This additional information to the physician, in
conjunction with the integrity test, could provide greater assurance to the physician of device
location duriné “blind” endometrial ablation procedures.

[00064] 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.
[00065] 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 CO,, or inert gases, or a fluid, such as saline, Ringer’s
Lactate, non-isotonic solutions, glycerine, and mineral oil for example. The regulator 124 is

configured to keep the pressure of the external gas source below a safety threshold value. In one
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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 the 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.

[00066] In use, gas/fluid pressure can be achieved by elevating the gas/fluid source 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
32 inches above the height of a 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 pressure of the saline
source in response to pressure measurements taken from within the uterine cavity. Asan
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.

[00067] Alternatively, the uterine integrity test can be conducted by detecting a flow rate of
the distal lumen of the uterine device or uterine ablation device under known conditions 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.

[00068] 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 some embodiments, the flow
meter is disposed near distal tip 106 of the device. In other embodiments, the flow meter can be
disposed within an outflow lumen of the device (not shown). 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
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flow rate of fluid/gas or vapor through 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.

[00069] Referring to Figs. 2 and 3, to perform a uterine integrity test, gas, such as CO,, ora
fluid, such as saline, can be delivered from the gas/fluid source 122, through the pressure
regulator 124, and through the 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.

[00070] 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 903. 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.

[00071] A controller of the uterine ablation device (not shown) 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. During a uterine integrity test, the
controller can be configured to open valves 128a and 128b and close valve 128¢c. 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. If the
flow rate decreases below an integrity flow rate threshold value, the controller can determine that
the uterus is sealed. In some embodiments, this integrity flow rate threshold value can be

approximately 5 ml/min.
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[00072] The gas/fluid can exit vapor ports 107 of the device and enter the uterine cavity.
These exit vapor ports can also be referred to as the fluid infusion tip and fluid outflow tip, As
described above, for the integrity test, both the inflow and outflow lumens of the of the uterine
ablation device can be utilized to provide fluid/gas to the uterine cavity. As the pressure in the
uterus increases, the flow of fluid or gas through the uterine ablation device should decrease to a
value of zero or to a value below an integrity flow rate threshold value, which occurs when the
pressure in the uterus equals the drive pressure of the system. Utilizing both the inflow and
outflow lumens for the flow of the gas/fluid during insertion of the device into the patient can
help prevent the vapor ports from becoming clogged or blocked during insertion.

[00073]  For the patency test, the inflow lumen can be utilized for gas/fluid flow into the
uterus while the outflow lumen is used for the return of gas/fluid from the uterus.

[00074]  For the integrity test, by measuring the flow of gas or fluid into the uterus with flow
meter 126, and more specifically, by measuring a declining flow rate of gas/fluid into the uterus
or a steady state flow rate in the uterus, the system or a user can determine the state of the uterus
and correct positioning of the device in the uterus. For example, 1) if the flow rate does not
decrease or decreases to a flow rate higher than a threshold flow rate, for example 5 ml/min, then
there is either a leak in the uterus or the device, or the device is not positioned properly within
the uterus; 2) if the flow rate drops to zero immediately, then the distal tip of the uterine ablation
device may be clogged or embedded in the tissue; 3) if the flow rate drops to a level above zero
and stays there (e.g., ~30mL/min), then a small leak may be present. The size of the leak can be
proportional to the measured flow rate; 4) if the flow rate oscillates between a low level and a
high level, then a hole or leak may be present which is sealed or closed at lower pressures but
opens at higher pressures; and 5) if the flow rate drops below a threshold value or to zero within
a certain time limit, bounded by both min and max time, then the device is positioned correctly
within a sealed uterus. In one embodiment, a min and max time to determine proper positioning
within a sealed uterus can occur within a test window of 10 to 60 seconds with a 15 second
window being preferred. The flow rate threshold can be set at a numerical value of 5 ml/min
wherein flow rates dropping below 5 ml/min within the time window can be used as the
threshold for a sealed uterine cavity and greater than or equal to 5 ml/min as the threshold for
detecting a leak or an unsealed uterine cavity. The numerical value of 5 ml/min as a sealed or
unsealed threshold for integrity testing has been shown to be effective for the uterine ablation
device utilizing vapor. Intentionally made perforations in test uteri were demonstrated to not

allow vapor to traverse the perforation at values less than 5 ml/min. The establishment of a
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threshold value for sealed or unsealed uterine cavity must take into account the resolution
limitations of the flow sensors and meters, and the rate of saline absorption in the uterine cavity.

[00075]

demonstrated that there is a statistically significant difference between tests determined as “pass”

In analyzing integrity test data for leak or non-intact thresholds, empirical testing

(flow <5ml/min) or “fail” (flow >5ml/min). The average minimum change in saline flow rate
and maximum saline flow rate are significantly different, indicating that the integrity test can
effectively discern between leaks and absence of leaks in a test environment where perforations
are intentionally applied to a test uterine cavity as shown in the table below. This statistically
significant difference improves further when negative flow values are eliminated with the use of
a one way valve (p<.001 for Min A flow and p<.001 for Max flow). Based on this analysis, a
Sml/min integrity test threshold for leak detection can be established and applied for clinical use.
In addition, an algorithm to analyze the data automatically can be developed for its ability to

determining uterine integrity.

Table 1: Uterine Cavity Integrity Test Results in Test Uteri with Intentionally Created

Perforations:

Uterine Cavity Integrity Tests Declared as “NOT SEALED”

(n=12)
Flow data as recorded | No negative flow values
Min A flow | Max flow | Min A flow | Max flow
Average |1042  [8.75 10.42 11
Stan.da_rd 438 15.55 4.3 12.64
Deviation
Maximum | 17 38 17 38
Minimum | 2 -15 2 0

Uterine Cavity Integrity Tests Declared as “SEALED” (n=41")

Flow data as recorded

No negative flow values

Min A flow | Max flow | Min A flow | Max flow
Average 3.12 2.34 3.12 241
Stan'da'rd 2.19 2.17 2.19 207
Deviation .
Maximum | 8.00 6.00 8.00 6.00
Minimum | 0.00 -1.00 0.00 0.00
[00076] In Table 1, Min A flow refers to the minimum change in flow rate over a 15 second

window of flow, shown in ml/min. Max flow refers to the maximum flow rate observed in a 15

second window of flow, shown in ml/min. No negative flow values refers to data points where
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only positive flow rates are calculated. Negative flow values will not occur with a one way in
place.

[00077]  As another consideration, the size and or shape of the uterus will likely change during
the integrity test. Thus, in some embodiments, an average flow rate can be used to determine the
integrity of the uterus or the positioning of the device. For example, in one embodiment, if the
average flow over a predetermined time period, such as 5 seconds, is zero or lower than a
threshold flow rate, then the uterus is likely sealed. In another variation, a 15 second time
window can be taken in which the trailing average of data points is tabulated for every 15 second
time increment. Other time window increments can be utilized as a standard for data collection.
[00078] In some embodiments, the return channel comprises a valve 128c, such as a solenoid
valve, that can be activated upon the start of the integrity test to close off the egress of the
gas/fluid through the return channel. Alternatively, a one way pump can be utilized. 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 device is improperly embedded in a false passage (smaller volume
amount) or in the peritoneal cavity (larger volume amount).

[00079] Referring to Fig. 4, in some embodiments the amount of flow in the inflow and
outflow channels can be 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, still 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 Fig. 3 and Fig. 4, valves 128a and 128b control the

flow of gas/fluid to the uterine ablation device 100 and valve 128c control the flow of gas/fluid
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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.

[00080] 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 128¢, and into a waste container 133 via
tubing 135. 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.

[00081] Fig 7 describes an example of an algorithm for utilizing uterine integrity and patency
tests for a uterine ablation procedure. First, a uterine device, as described above, can be inserted
into the uterus of a patient. In some embodiments, saline can flow through a flow meter and
both the inflow and outflow lumens of the uterine ablation device during insertion into the
patient. Once the device has been placed in the uterine cavity, the cervix can be sealed by one or
more balloons, such as the distal, central, and proximal balloon described above. Upon sealing
the cervix, an integrity test can be initiated. As described above, a flow of gas/fluid from the
uterine ablation device can be measured with a flow meter, and the system can monitor for a
flow rate through the flow sensor to decrease to a flow rate threshold. Once the flow rate
threshold is reached, (e.g., 5 ml/min in one embodiment), it can be determined that the uterus is
sealed and the system can then begin the patency test. The patency test maintains flow into the
uterine cavity with the inflow lumen of the device, but reverses the outflow lumen to remove
gas/fluid from the uterine cavity into a waste container. The flow rate threshold is then

monitored during patency test. A flow rate above a patency test threshold (e.g., greater than 3

" ml/min in one embodiment) can indicate that the lumens are not clogged or that the distal end of

the uterine ablation device is not embedded into tissue. If the patency test threshold is not

satisfied, the physician should repeat the insertion steps and repeat the integrity test and patency
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test prior to initiating uterine ablation. If the patency test threshold is satisfied, the utérine
ablation treatment can begin as indicated in Fig 7.

[00082] In some additional embodiments, the return channel for the integrity test may or may
not be the same return line used in the therapeutic mode to evacuate vapor and bodily
fluids/tissue from the uterus. More specifically, in some embodiments the device may have its
own dedicated return channel system specifically for carrying out the integrity test. In another
embodiment, the return channel may have its own passive outflow regulator. In yet another
embodiment, the return channel could have a second flow meter (not shown) that can be used to
compare flow coming into the uterine cavity (via flow meter 126) versus the flow monitored on
the egress from the uterine cavity (via the second flow meter within the return channel).
Comparing the flow-out versus the flow-in can provide a dynamic measurement for the presence
of leaks in the uterus or a lack of integrity.

[00083] In an additional embodiment, a system can be employed combining both a solenoid
valve and a second flow meter in the return channel. In this embodiment, a series of return
channel closures by the solenoid valve in combination with the measurement of flow during
open cycles can provide indications of uterine cavity integrity and the amount of volume in that
space. In some embodiments a recording and data analysis system can be incorporated to analyze
the flow rate measurements and provide automation of actions based on the integrity of the
uterus and position of the ablation device. This analysis system records the flow rate at various
stages of the treatment and provides appropriate feedback to the user and ablation device.
[00084] Once the device has been properly positioned and the integrity test and patency tests
determine that the uterus is sealed, the device is properly placed and an open communication
between the delivery and return lumen exists, a heated condensable vapor can be delivered from
the distal tip 106 of ablation device 100 through vapor ports 107 (of Figs. 1A-1B) to the uterus to
ablate the uterine tissue. Fig. 5 illustrates another view of the ablation device delivering vapor to
the uterus. In one embodiment, vapor can be delivered to the ablation device via vapor source
123. In another embodiment, not shown, the gas/fluid source 122 can be used to provide a fluid,
such as saline, to the device where it can then be converted into vapor to deliver to the uterus.
Once the vapor has been delivered to the uterus through inflow lumen 129, the vapor can be
removed from the uterus through outflow lumen 131 and deposited in waste container 133 via
tubing 135.

[00085] Maintaining uterine distension or pressure within the uterine cavity during integrity

and patency tests, and immediately prior to the initiation of vapor treatment without deflation
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May or may not be performed. In some embodiments, a distended uterine cavity under a
pressure below 70mmHG without deflation will experience less blood and debris accumulation
within the inflow and outflow lumens of the uterine ablation device prior to treatment. Reducing
the accumulation of blood and debris in the return or outflow lumens will reduce procedure time
and improve treatment efficiency. Reducing the accumulation of blood and debris in the return
or outflow lumen can occur for a time duration encompassing the insertion of the device into the
uterine cavity to the initiation of ablation treatment, which in cases can be 1 to 5 minutes.
Greater time durations benefit further from the reducing the accumulation of blood and debris.
[00086] The initiation of vapor treatment can begin immediately following the completion of
the integrity and patency tests. In some embodiments, this action can be controlled by software
within the main generator unit. Alternatively, the integrity and patency tests can be conducted
by a unit or module separate from the main generator that provides an indication that the
treatment procedure is ready to begin utilizing the algorithm illustrated in Fig 7. The opening

and closing of various lumens during the integrity and patency tests can be performed by

solenoid valves or balloons that pinch off the lumens.

[00087] In one embodiment, utilizing saline over gas as the media for performing the integrity
and patency tests has the following advantages. It has been empirically determined that the
application of heated vapor may not traverse an intentionally placed perforation in a uterine
cavity whereas the same intentionally placed perforation can be traversed by saline media during
an integrity test. In addition, in a uterine cavity of a living patient in test conditions, active
bleeding can occlude or impede the ability of gas to traverse an intentionally created perforation,
thereby providing a false indication of uterine integrity to the physician. For example, the
perforating instrument can be a cervical dilator of 3mm in diameter and the angle of perforation
can be 15 degrees to normal, or perpendicular, to the uterine surface. Smaller and larger
diameter instruments can be utilized.

[00088]  Saline is also readily available in clinical use. In practice, gas such as carbon dioxide
is administered to a patient within a safety threshold flow rate typically below 100ml/min and at
this rate, the gas may be ineffective in removing blood or other debris in the uterine cavity that
may occlude or impede the interpretation of a potential perforation.

[00089] Also, in clinical use, incorporating saline over gas as the media for the integrity and
patency tests provides a rinsing source for the lumens in vivo. This rinsing or diluting action can
facilitate the open communication between the input and output lumens of the uterine ablation

device prior to vapor treatment.
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[00090] Alternatively, an entirely flow-driven system may be used to perform the integrity
and patency tests. In the flow driven system, as seen in Fig. 6A, a fluid 950 may be delivered
distally towards the device and uterus. The fluid 950 may be saline, for example. The fluid 950
may be housed in a container 951. The container 951 may drive the fluid at a known or a
variable rate. For example, in one embodiment the container 951 may be a syringe or peristaltic
pump. The fluid 950 may be a gas and the container 951 may contain a propeller to propel the
fluid. A valve 952 with a set crack pressure may be positioned proximal to a flow sensor 901.
The valve 952 may have a crack pressure set at 60 - 70 mmHg, for example. Before the pressure
in the uterus reaches the crack pressure of the valve 952, the flow sensor 901 may see a non-zero
flow value. Once the pressure inside of the uterus 907 equals the crack pressure of the valve 952,
the fluid 950 will cease flowing into the uterus 907 and may instead flow into a lumen 953. The
lumen 953 may exit into atmosphere and provide no back pressure. A continued non-zero flow
value may indicate a non-sealed uterus. The flow sensor may instead be positioned on line 953 if
the flow value at the container 951 is known or measured. Positioning the flow sensor on line
953 may be advantageous to keep the flow sensor 953 out of the sterile field. The flow-driven
system described herein may be performed without monitoring or measuring pressure within the
uterine cavity.

[00091] As another embodiment, a system for performing an integrity test can be independent
of pressure and as an example, remove the requirement for setting the height of a saline source to
aknow level. In addition, some embodiments can remove the requirement for placing a pressure
relief valve within the system with a known cracking pressure. To illustrate this embodiment, as
seen in Fig. 6B, a delivery flow of the fluid 950 is known and can be set to a constant value, for
example by a pump 951, then an orifice 960 with a known resistance to the fluid may be placed
in-between the fluid source and the uterus 907. Orifice 960 can be any component with a known
orifice or bore size, such as, for example, a hypodermic needle with a known caliber and inner
diameter. The orifice 960 may be positioned at a known height relative to the uterus 907. For
example, the orifice 960 may be placed in the handle of the intrauterine device. The orifice
960may be tuned with the flow of the fluid to yield a predictable pressure in the uterus 907. For
example, if the fluid 950 is flowing at 10mL/min and the orifice has an inner diameter of 0.01
inches and a length of 0.5 inches, then the intrauterine pressure may never exceed a threshold
value, such as 60mmHg. For example, when the pressure in the uterus is zero (gauge), then the
majority of the fluid 950 may flow into the uterus 907. As the uterus 907 is filled with the fluid

950, the pressure in the uterus 907 may increase and the excess fluid 950 may instead flow
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through the orifice 960. Eventually, all of the fluid 950 may flow through the orifice 960. A flow
sensor 901 may be placed as shown in Fig. 6B or may be placed on lumen 953 so as to measure
flow through the orifice, for example. The lumen 953 and/or the flow sensor 901 may be
completely and/or partially outside of the sterile field. An integrity test may be performed by
monitoring the flow of the fluid 950 using the flow sensor 901. For example, if all of the fluid 950
is being diverted through the orifice 960, then the uterus may be considered fully sealed.

[00092] In some embodiments for vapor treatment, the shaft of the uterine ablation device can
include a thermocouple or other temperature sensor positioned proximally of the positioning
balloon or sealing balloon to sense and indicate a vapor leak from the uterus into the cervical canal.
In some embodiments the uterine ablation device may incorporate a pressure sensor to indicate a
vapor leak in the uterus while the ablation treatment is in progress. During the ablation trcatment
vapor is delivered through the inflow lumen and exits through the outflow lumen. The amount of
vapor delivered into the cavity is controlled by the generator to maintain a predetermined pressure.
[00093] In some embodiments, flow meters and valves may be incorporated within the uterine
device itself, referred to as the handle, as opposed to being separate components on conduits shown
in the drawings.

[00094]  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 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 this specification may be drafted to exclude any optional
element. As such, this statement is intended to serve as antecedent basis for use of such exclusive

"n

terminology as "solely," "only" and the like in connection with the recitation of elements of an
embodiment of the invention, or use of a "negative" limitation. Unless 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.

-2

CA 2851355 2018-12-21



CA 2851355

CLAIMS
WHAT IS CLAIMED IS:

1. A device for use in performing a procedure on a uterus of a patient, wherein the device is
configured for insertion into the uterus and to perform a uterine integrity test by delivering gas or
fluid from an inflow lumen of the device into the uterus and measuring a flow rate of the gas or
fluid as it is delivered into the uterus to provide an indication that the uterus is sealed if the flow
rate decreases below a flow rate threshold value, and wherein the device further comprises a one
way valve in the inflow lumen to reduce or eliminate retrograde flow of the gas or fluid from the

uterus back through the device.

2. A device for use in performing a procedure on a uterus of a patient, wherein the device is
configured for insertion into the uterus and to carry out a uterine integrity test by delivering gas or
fluid from an inflow lumen of the device into the uterus and measuring a flow rate of the gas or
fluid as it is delivered into the uterus to provide an indication that the uterus is sealed if the flow
rate decreases below a flow rate threshold value; and wherein the device is also configured to
perform a patency test after said indication that the uterus is sealed by delivering the gas or fluid
from the inflow lumen of the device into the uterus, removing the gas or fluid from the uterus with
an outflow lumen of the uterine device and providing an indication that the device is not clogged or
embedded in tissue if a return flow of the gas or fluid is observed in the outflow lumen of the
device; and wherein the device comprises a one way valve in the inflow lumen to reduce or

eliminate retrograde flow of the gas or fluid from the uterus back through the device.

3. The device of claim 2, further comprising a flow meter for the outflow lumen to provide

said observation of the return flow of the gas or fluid in the outflow lumen.

4. The device of claim 2 or 3, wherein the device is configured to deliver the gas or fluid into

the uterus during the uterine integrity test from both the inflow and outflow lumens of the device.

3. The device of claim 2, 3 or 4, wherein the device is configured to remove the gas or fluid

during the patency test while delivering the gas or fluid to the uterus.
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6. The device of any one of claims 2 to 5, wherein the inflow lumen is distinct from the

outflow lumen.

7. The device of claim 6, wherein the outflow lumen of the device is distal to the inflow lumen

of the device.

8. The device of any one of claims 2 to 7, wherein the device is configured to provide a
comparison of the flow rate of gas or fluid delivered into the uterus to the outflow flow rate of gas
or fluid in the outflow lumen to provide a dynamic measurement for the presence of leaks in the

uterus during the patency test.

9. The device of any one of claims 1 to 8, wherein the one way valve is configured to reduce

or eliminate said retrograde flow and sinusoidal wave forms in response to uterine contractions.

10. The device of any one of claims 1 to 9, wherein said indication that the uterus is sealed is
provided when the flow rate in the integrity test decreases below the flow rate threshold value

within a predetermined time period.

11. The device of any one of claims 1 to 9, wherein said indication that the uterus is sealed is
provided if an average of the flow rate during the integrity test is approximately zero or the average
of the flow rate during the integrity test is below the flow rate threshold value over a predetermined

time period.

12. The device of any one of claims 1 to 11, wherein the flow rate threshold value is between 2

and 5ml/min.

13. The device of any one of claims 1 to 9, wherein said indication that the uterus is sealed is
provided when the flow rate during the integrity test decreases to zero after a predetermined time

period.
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14. The device of any one of claims 1 to 13, wherein the device further provides an indication
in the integrity test that the uterus has a perforation that is sealed at lower pressures and is opened at

higher pressures if the flow rate in the integrity test oscillates.

15. The device of any one of claims 1 to 14, wherein the device is configured to deliver the gas

or fluid from the inflow lumen into the uterus at a constant pressure bounded by a safety threshold

pressure.
16. The device of claim 15, wherein the safety threshold pressure is approximately 70mm Hg.
17. The device of any one of claims 1 to 16, wherein the device is a uterine ablation device.
18. The device of claim 17, wherein the device is configured to deliver a heated condensable

vapor to the uterus to ablate uterine tissue.

19. The device of claim 18, wherein the device further comprises a controller for automatic

initiation of delivery of the condensable vapor.

20. The device of any one of claims 1 to 19, wherein the device comprises a flow meter for the

inflow lumen.

21. The device of claim 20, wherein the one way valve reduces noise in the flow meter for the
inflow lumen caused by uterine contractions or relaxations, movements by the patient, or

manipulations of the patient or inflow lumen by the physician or medical staff,

22. A uterine treatment device, comprising:
a shaft sized and configured for insertion into a uterus of a patient;
inflow and outflow lumens disposed along a length of the shaft;
at least one inflow port disposed at a distal end of the inflow lumen;
a one way valve disposed in the inflow lumen and configured to eliminate retrograde flow

from the uterus back through the uterine treatment device;
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at least one outflow port disposed at a distal end of the outflow lumen;

a gas/fluid source operatively coupled to the inflow and outflow lumens;

at least one flow meter disposed between the gas/fluid source and the shaft; and

a controller configured to deliver gas or fluid from the gas/fluid source through the inflow
lumen into the uterus, detect with the at least one flow meter an integrity flow rate of the gas or
fluid as it is delivered into the uterus, and determine that the uterus is sealed if the integrity flow
rate decreases below an integrity flow rate threshold value;

the controller also configured to, if it is determined that the uterus is sealed, deliver the gas
or fluid through the inflow lumen into the uterus, remove the gas or fluid from the uterus with the
outflow lumen, detect with the at least one flow meter a patency flow rate of gas or fluid, and
determine that the uterine trcatment device is not clogged or embedded in tissue based on the

patency flow rate.

23, A uterine treatment device, comprising:

a shaft sized and configured for insertion into a uterus of a patient;

inflow and outflow lumens disposed along a length of the shaft;

a one way valve disposed in the inflow lumen and configured to eliminate retrograde flow
from the uterus back through the uterine treatment device;

at least one inflow port disposed at a distal end of the inflow lumen;

at least one outflow port disposed at a distal end of the outflow [umen;

a gas/fluid source operatively coupled to the inflow and outflow lumens;

at least one flow meter disposed between the gas/fluid source and the shaft; and

a controller configured to perform a uterine integrity test by allowing gas or fluid to flow
from the gas/fluid source into the uterus without allowing for the gas or fluid to be removed from
the uterus and monitoring an integrity flow rate of the gas or fluid measured by the at least one flow
meter;

the controller being further configured to perform a patency test by allowing the gas or fluid
to flow from the gas/fluid source into the uterus, removing the gas or fluid from the uterus, and

monitoring a patency flow rate of the gas or fluid measured by the at least one flow meter.

24. The device of claim 22 or 23, further comprising:

a first further valve disposed between the gas/fluid source and the inflow lumen;
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a second further valve disposed between the gas/fluid source and the outflow lumen;
wherein the controller is configured to perform the uterine integrity test by opening the first
further valve and closing the second further valve, and wherein the controller is configured to

perform the patency test by opening the first and second further valves.

25. The device of claim 22 or 23, further comprising:

a first further valve disposed between the gas/fluid source and the inflow lumen;

second and third further valves disposed between the gas/fluid source and the outflow
lumen;

wherein the controller is configured to perform the uterine integrity test by opening the first
and second further valves and closing the third further valve to allow the gas or fluid to flow into
the uterus through both the inflow and outflow lumens, and wherein the controller is configured to
perform the patency test by opening the first and third further valves and closing the second further
valve to allow the gas or fluid to flow into the uterus through the inflow lumen and to remove the

gas or fluid from the uterus through the outflow lumen.
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