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MEDICAL SYSTEM AND METHOD OF USE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 13/946,885, filed Jul. 19, 2013, which is a
continuation of U.S. patent application Ser. No. 12/167,155,
filed Jul. 2, 2008, now U.S. Pat. No. 8,579,892, which a is a
non-provisional of U.S. Provisional Application Ser. No.
60/929,632 filed Jul. 6,2007. All ofthe above applications are
incorporated herein by this reference and made a part of this
specification, together with the specifications of all other
commonly-invented applications cited in the above applica-
tions.

FIELD OF THE INVENTION

[0002] This invention relates to medical instruments and
systems for applying energy to tissue, and more particularly
relates to a system for ablating, sealing, welding, coagulating,
shrinking or creating lesions in tissue by means of contacting
a targeted site in a patient with a vapor phase media wherein
a subsequent vapor-to-liquid phase change of the media
applies thermal energy to the tissue to cause an intended
therapeutic effect. Variations of the invention include devices
and methods for monitoring the vapor flow for various param-
eters with one or more sensors. In yet additional variations,
the invention includes devices and methods for modulating
parameters of the system in response to the observed param-
eters.

BACKGROUND OF THE INVENTION

[0003] Various types of medical instruments utilizing
radiofrequency (Rf) energy, laser energy, microwave energy
and the like have been developed for delivering thermal
energy to tissue, for example to ablate tissue. While such prior
art forms of energy delivery work well for some applications,
Rf, laser and microwave energy typically cannot cause highly
“controlled” and “localized” thermal effects that are desirable
in controlled ablation soft tissue for ablating a controlled
depth or for the creation of precise lesions in such tissue. In
general, the non-linear or non-uniform characteristics of tis-
sue affect electromagnetic energy distributions in tissue.

[0004] There remains a need for systems and methods that
controllably apply thermal energy in a controlled and local-
ized manner without the lack of control often associated when
Rf, laser and microwave energy are applied directly to tissue.

SUMMARY OF THE INVENTION

[0005] The present invention is adapted to provide
improved methods of controlled thermal energy delivery to
localized tissue volumes, for example for ablating, sealing,
coagulating or otherwise damaging targeted tissue, for
example to ablate a lesion interstitially or to ablate the lining
of a body cavity. Of particular interest, the method causes
thermal effects in targeted tissue without the use of Rf current
flow through the patient’s body and without the potential of
carbonizing tissue.

[0006] In general, the thermally-mediated treatment
method comprises causing a vapor-to-liquid phase state
change in a selected media at a targeted tissue site thereby
applying thermal energy substantially equal to the heat of
vaporization of the selected media to the tissue site. The
thermally-mediated therapy can be delivered to tissue by such
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vapor-to-liquid phase transitions, or “internal energy”
releases, about the working surfaces of several types of instru-
ments for ablative treatments of soft tissue. FIGS. 1A and 1B
illustrate the phenomena of phase transitional releases of
internal energies. Such internal energy involves energy on the
molecular and atomic scale—and in polyatomic gases is
directly related to intermolecular attractive forces, as well as
rotational and vibrational kinetic energy. In other words, the
method of the invention exploits the phenomenon of internal
energy transitions between gaseous and liquid phases that
involve very large amounts of energy compared to specific
heat.

[0007] It has been found that the controlled application of
such energy in a controlled media-tissue interaction solves
many of the vexing problems associated with energy-tissue
interactions in Rf;, laser and ultrasound modalities. The appa-
ratus of the invention provides a vaporization chamber in the
interior of an instrument, in a source remote from the instru-
ment and/or in an instrument working end. A source provides
liquid media to the interior vaporization chamber wherein
energy is applied to create a selected volume of vapor media.
In the process of the liquid-to-vapor phase transition of a
liquid media, for example water, large amounts of energy are
added to overcome the cohesive forces between molecules in
the liquid, and an additional amount of energy is required to
expand the liquid 1000+ percent (PAD) into a resulting vapor
phase (see FIG. 1A). Conversely, in the vapor-to-liquid tran-
sition, such energy will be released at the phase transition at
the interface with the targeted tissue site. That is, the heat of
vaporization is released at the interface when the media tran-
sitions from gaseous phase to liquid phase wherein the ran-
dom, disordered motion of molecules in the vapor regain
cohesion to convert to a liquid media. This release of energy
(defined as the capacity for doing work) relating to intermo-
lecular attractive forces is transformed into therapeutic heat
for a thermotherapy at the interface with the targeted body
structure. Heat flow and work are both ways of transferring
energy.

[0008] In FIG. 1A, the simplified visualization of internal
energy is useful for understanding phase transition phenom-
ena that involve internal energy transitions between liquid
and vapor phases. [fheat were added at a constant rate in FIG.
1A (graphically represented as 5 calories/gm blocks) to
elevate the temperature of water through its phase change to
a vapor phase, the additional energy required to achieve the
phase change (latent heat of vaporization) is represented by
the large number of 110+ blocks of energy at 100° C. in FIG.
1A. Still referring to FIG. 1A, it can be easily understood that
all other prior art ablation modalities—Rf, laser, microwave
and ultrasound——create energy densities by simply ramping
up calories/gm as indicated by the temperature range from
37° C. through 100° C. as in FIG. 1A. The prior art modalities
make no use of the phenomenon of phase transition energies
as depicted in FIG. 1A.

[0009] FIG. 1B graphically represents a block diagram
relating to energy delivery aspects of the present invention.
The system provides for insulative containment of an initial
primary energy-media interaction within an interior vapor-
ization chamber of medical thermotherapy system. The ini-
tial, ascendant energy-media interaction delivers energy suf-
ficient to achieve the heat of vaporization of a selected liquid
media, such as water or saline solution, within an interior of
the system. This aspect of the technology requires a highly
controlled energy source wherein a computer controller may
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need to modulated energy application between very large
energy densities to initially surpass the latent heat of vapor-
ization with some energy sources (e.g. a resistive heat source,
an Rf energy source, a light energy source, a microwave
energy source, an ultrasound source and/or an inductive heat
source) and potential subsequent lesser energy densities for
maintaining a high vapor quality. Additionally, controller
must control the pressure of liquid flows for replenishing the
selected liquid media at the required rate and optionally for
controlling propagation velocity of the vapor phase media
from the working end surface of the instrument. In use, the
method of the invention comprises the controlled application
of'energy to achieve the heat of vaporization as in FIG. 1A and
the controlled vapor-to-liquid phase transition and vapor exit
pressure to thereby control the interaction of a selected vol-
ume of vapor at the interface with tissue. The vapor-to-liquid
phase transition can deposit 400, 500, 600 or more cal/gram
within the targeted tissue site to perform the thermal ablation
with the vapor in typical pressures and temperatures.

[0010] In one variation, the present disclosure includes
medical systems for applying thermal energy to tissue, where
the system comprises an elongated probe with an axis having
an interior flow channel extending to at least one outlet in a
probe working end; a source of vapor media configured to
provide a vapor flow through at least a portion of the interior
flow channel, wherein the vapor has a minimum temperature
of; and at least one sensor in the flow channel for providing a
signal of at least one flow parameter selected from the group
one of (i) existence of a flow of the vapor media, (ii) quanti-
fication of a flow rate of the vapor media, and (iii) quality of
the flow of the vapor media. The medical system can include
variations where the minimum temperature varies from at
least 80° C., 100° C. 120° C., 140° C. and 160° C. However,
other temperature ranges can be included depending upon the
desired application

[0011] Sensors included in the above system include tem-
perature sensor, an impedance sensor, a pressure sensor as
well as an optical sensor.

[0012] In many variations, the devices and method
described herein will include a visualization element placed
within or adjacent to the treatment area. In many cases, the
visualization element shall be coupled to a treatment device
(either by being placed within the device or otherwise
attached to the device. Any number of visualization elements
can be incorporated with the methods and devices described
herein. For example, a visualization element can include an
optic fiber advanced within or adjacent to the device, a CCD
camera aftixed to the device or other visualization means as
commonly used in remote visualization applications. The
visualization element can provide imaging before, during,
and/or after the controlled flow egresses from the device. In
addition, the visualization element can include thermal imag-
ing capabilities to monitor the vapor flow from the device or
the treatment effect in tissue.

[0013] The source of vapor media can include a pressurized
source of a liquid media and an energy source for phase
conversion of the liquid media to a vapor media. In addition,
the medical system can further include a controller capable of
modulating a vapor parameter in response to a signal of a flow
parameter; the vapor parameter selected from the group of (i)
flow rate of pressurized source of liquid media, (ii) inflow
pressure of the pressurized source of liquid media, (iii) tem-
perature of the liquid media, (iv) energy applied from the
energy source to the liquid media, (v) flow rate of vapor media
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in the flow channel, (vi) pressure of the vapor media in the
flow channel, (vi) temperature of the vapor media, and (vii)
quality of vapor media.

[0014] In another variation, a novel medical system for
applying thermal energy to tissue comprises an elongated
probe with an axis having an interior flow channel extending
to at least one outlet in a probe working end, wherein a wall of
the flow channel includes an insulative portion having a ther-
mal conductivity of less than a maximum thermal conductiv-
ity; and a source of vapor media configured to provide a vapor
flow through at least a portion of the interior flow channel,
wherein the vapor has a minimum temperature

[0015] Variations of such systems include systems where
the maximum thermal conductivity ranges from 0.05 W/mK,
0.01 W/mK and 0.005 W/mK.

[0016] Another variation of a novel medical system for
delivering energy to tissue comprises an elongated probe with
aflow channel extending from a proximal portion of the probe
to at least one flow outlet in an expandable working end; a
source of a vapor flow in communication with the flow chan-
nel; and a recirculation channel having a distal end commu-
nicating with the working end.

[0017] The present disclosure also includes methods for
applying energy to mammalian body structure, comprising
providing an elongated probe with a distal working end and
providing a pressure sensing mechanism for measuring pres-
sure within at least one of the probe and the body structure;
providing a flow of a non-ionized flow media from at least one
port in the working end thereby applying energy to the body
structure; and adjusting the pressure of the flow of the non-
ionized flow media from the at least one port in response to a
measured change in pressure by the pressure sensing mecha-
nism.

[0018] In an additional variation, the inventive methods
include a method of providing a therapeutic effect in a mam-
malian subject comprising providing a vapor source compris-
ing a pressure source configured for providing a flow of liquid
media from a liquid media source into a vaporization chamber
having a heating mechanism; actuating the pump to provide
the liquid into the vaporization chamber; applying energy
from the heating mechanism to convert a substantially water
media into a minimum water vapor; and introducing said
vapor into an interface with tissue to cause the intended effect.
While any range of water vapor can be included within the
scope of this invention, variations include a minimum water
vapor can range from 60% water vapor, 70% water vapor,
80% water vapor and 90% water vapor.

[0019] One embodiment of the invention comprises a sys-
tem and method for delivering ablative energy to a body
lumen or cavity, for example in an endometrial ablation pro-
cedure. One embodiment comprises an elongated probe with
an insulated rigid or flexible shaft with a distal working end
and a source of a vapor media that can be ejected from at least
one outlet in the working end. The introduction and conden-
sation of the vapor media is utilized to apply a selected level
of thermal energy to ablate a surface portion of the body
cavity. The method includes providing a vapor media capable
of releasing the heat of vaporization, in one example, for
global endometrial ablation. The method includes introduc-
ing the vapor media at a flow rate of ranging from 0.001 to 20
ml/min, 0.010 to 10 ml/min, 0.050 to 5 ml/min., at an inflow
pressure ranging from 0.5 to 1000 psi, 5 to 500 psi, and 25 to
200 psi. The method includes applying the selected level of
thermal energy over an interval ranging from 0.1 to 600
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seconds; 0.5 to 300 seconds, and 1 to 180 seconds. Further,
the application of energy may be pulsed as a suitable pulse
rate. The system and method further include providing a
controller for controlling the pressure ina body cavity, such as
a uterine cavity.

[0020] The systems and probes of the invention are config-
ured for controlled application of the heat of vaporization of
a vapor-to liquid phase transition in an interface with tissue
for tissue ablation, tissue sealing, tissue welding, and causing
an immune response. In general, the instrument and method
of the invention cause thermal ablations rapidly, efficiently
and uniformly over a tissue interface.

[0021] The instrument and method of the invention gener-
ate vapor phase media that is controllable as to volume and
ejection pressure to provide a not-to-exceed temperature level
that prevents desiccation, eschar, smoke and tissue sticking.

[0022] The instrument and method of the invention cause
an energy-tissue interaction that is imageable with intra-op-
erative ultrasound or MR1.

[0023] The instrument and method of the invention cause
thermal effects in tissue that do not rely applying an electrical
field across the tissue to be treated.

[0024] Additional advantages of the invention will be
apparent from the following description, the accompanying
drawings and the appended claims.

[0025] All patents, patent applications and publications
mentioned in this specification are herein incorporated by
reference to the same extent as if each individual publication
or patent application was specifically and individually indi-
cated to be incorporated by reference.

[0026] In addition, it is intended that combinations of
aspects of the systems and methods described herein as well
as the various embodiments themselves, where possible, are
within the scope of this disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1A is a graphical depiction of the quantity of
energy needed to achieve the heat of vaporization of water.
[0028] FIG. 1B is a diagram of phase change energy release
that underlies a system and method of the invention.

[0029] FIG. 2 is a schematic view of an exemplary medical
system.

[0030] FIG.3 is a block diagram of a control method of the
invention.

[0031] FIG. 4A is an illustration of the working end of FIG.
2 being introduced into soft tissue to treat a targeted tissue
volume.

[0032] FIG. 4Bisan illustration of the working end of FIG.
4A showing the propagation of vapor media in tissue in a
method of use in ablating a tumor.

[0033] FIG. 5 is an illustration of a working end similar to
FIGS. 4A-4B with vapor outlets comprising microporosities
in a porous wall.

[0034] FIG. 6A isanother system embodiment with a vapor
generator comprising a resistive heating mechanism remote
from the probe handle and the needle-like working end.
[0035] FIG. 6B isan illustration of the working end of FIG.
6A treating retinal tissue.

[0036] FIG. 7 is an illustration of the needle-like working
end as in FIGS. 2 and 4A with a sensor system.

[0037] FIG. 8 is an illustration of a working end including
an expandable member.

[0038] FIG. 9A is an illustration of an expandable working
end being introduced into soft tissue.
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[0039] FIG. 9B is anillustration of the working end of FIG.
9 A showing the propagation of vapor media in tissue to ablate
tumorous tissue.

[0040] FIG. 10A is an illustration of an expandable work-
ing end and sleeve being introduced into soft tissue.

[0041] FIG. 10B is an illustration of the working end of
FIG. 10A showing the propagation of vapor media in tissue.
[0042] FIG. 11 is a cut-away view of an expandable work-
ing end with a recirculation flow channel.

[0043] FIG. 12A is an illustration of an expandable work-
ing end configured for positioning in a uterine cavity for an
endometrial ablation treatment.

[0044] FIG. 12B is a sectional view of the expandable
working end of FIG. 12A.

[0045] FIG. 12C is a view of another non-expandable
working end in an endometrial ablation treatment method.
[0046] FIG.12Disaview of across-section of an insulative
wall portion of a vapor delivery probe.

[0047] FIG. 13A is an illustration of another expandable
working end with a surface electrode arrangement.

[0048] FIG. 13B is a sectional view of the expandable
working end of FIG. 13A.

[0049] FIG. 14A is an illustration of a working end with a
recirculation channel and valve for controlling vapor flows
from the working end.

[0050] FIG. 14B is another view of the working end of FIG.
14A with the recirculation channel and valve in a different
configuration.

[0051] FIG. 15A is aview of a vapor delivery probe includ-
ing a cross-sectional view of an insulative wall about a vapor
delivery channel.

[0052] FIG. 15B is a view of another vapor delivery probe
similar to FIG. 15A with a cross-sectional view of a different
type of insulative wall about a vapor delivery channel.
[0053] FIG. 15C is a view of another vapor delivery probe
similar to FIGS. 15A-15B with a cross-sectional view of a
different type of insulative wall.

[0054] FIG. 15D is a view of another vapor delivery probe
similar to FIGS. 15B-15C with a cross-sectional view of a
different type of insulative wall.

[0055] FIG. 15E is a view of another vapor delivery probe
similar to FIG. 15D with a mechanical valve system in a first
position.

[0056] FIG. 15F is a view of the probe of FIG. 15E with the
mechanical valve system in a second position.

[0057] FIG. 16 is another working end similar to that of
FIG. 15C including an expansion member.

[0058] FIG. 17A is another perspective view of the vapor
generator system of FIG. 15.

[0059] FIG. 17B is another perspective view of the vapor
generator system of FIG. 15.

[0060] FIG. 18A is perspective view of components of the
vapor generator system of FIGS. 17A-17B.

[0061] FIG. 18B is another perspective view of compo-
nents of the vapor generator system of FIG. 17A-17B.
[0062] FIG. 19 is a block diagram of components of the
vapor generator system of FIGS. 17A-18B.

[0063] FIG. 20 is a schematic view of a flexible vapor
conduit of the vapor generator system of FIG. 17A.

[0064] FIG. 21 is a sectional view of a vapor flow channel
and surrounding structure used with the vapor generator sys-
tem of FIGS. 17A-18B



US 2014/0200570 Al

[0065] FIG. 22 is a cut-away view of a vapor canister and
multiple heating systems of the vapor generator system of
FIGS. 17A-18B.

DETAILED DESCRIPTION OF THE INVENTION

[0066] As used in the specification, “a” or “an” means one
or more. As used in the claim(s), when used in conjunction
with the word “comprising”, the words “a” or “an” mean one
or more. As used herein, “another” means as least a second or
more. “Substantially” or “substantial” mean largely but not
entirely. For example, substantially may mean about 10% to
about 99.999, about 25% to about 99.999% or about 50% to
about 99.999%.

[0067] Treatment Media Source, Energy Source, Control-
ler
[0068] Referring to FIG. 2, a schematic view of medical

system 100 of the present invention is shown that is adapted
for treating a tissue target, wherein the treatment comprises
an ablation or thermotherapy and the tissue target can com-
prise any mammalian soft tissue to be ablated, sealed, con-
tracted, coagulated, damaged or treated to elicit an immune
response. The system 100 include an instrument or probe
body 102 with a proximal handle end 104 and an extension
portion 105 having a distal or working end indicated at 110. In
one embodiment depicted in FIG. 2, the handle end 104 and
extension portion 105 generally extend about longitudinal
axis 115. In the embodiment of FIG. 2, the extension portion
105 is a substantially rigid tubular member with at least one
flow channel therein, but the scope of the invention encom-
passes extension portions 105 of any mean diameter and any
axial length, rigid or flexible, suited for treating a particular
tissue target. In one embodiment, a rigid extension portion
105 can comprise a 20 Ga. to 40 Ga. needle with a short length
for thermal treatment of a patient’s cornea or a somewhat
longer length for treating a patient’s retina. In another
embodiment, an elongate extension portion 105 can comprise
a single needle or a plurality of needles having suitable
lengths for tumor or lesion ablation in a liver, breast, gall
bladder, bone and the like. In another embodiment, an elon-
gate extension portion 105 can comprise a flexible catheter
for introduction through a body lumen to access at tissue
target, with a diameter ranging from about 1 to 10 mm. In
another embodiment, the extension portion 105 or working
end 110 can be articulatable, deflectable or deformable. The
probe handle end 104 can be configured as a hand-held mem-
ber, or can be configured for coupling to a robotic surgical
system. In another embodiment, the working end 110 carries
an openable and closeable structure for capturing tissue
between first and second tissue-engaging surfaces (not
shown), which can comprise actuatable components such as
one or more clamps, jaws, loops, snares and the like. The
proximal handle end 104 of the probe can carry various actua-
tor mechanisms known in the art for actuating components of
the system 100, and/or one or more footswitches can be used
for actuating components of the system.

[0069] As can be seen in FIG. 2, the system 100 further
includes a source 120 of a flowable liquid treatment media
121 that communicates with a flow channel 124 extending
through the probe body 102 to at least one outlet 125 in the
working end 110. The outlet 125 can be singular or multiple
and have any suitable dimension and orientation as will be
described further below. The distal tip 130 of the probe can be
sharp for penetrating tissue, or can be blunt-tipped or open-
ended with outlet 125.
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[0070] Inone embodiment shown in FIG. 2, an RF energy
source 140 is operatively connected to a thermal energy
source or emitter (e.g., opposing polarity electrodes 144a,
14454) in interior chamber 145 in the proximal handle end 104
of the probe for converting the liquid treatment media 121
from a liquid phase media to a non-liquid vapor phase media
122 with a heat of vaporization in the range of 60° C. to 200°
C.,or80° C.1t0 120° C. A vaporization system using Rf energy
and opposing polarity electrodes is disclosed in co-pending
U.S. patent application Ser. No. 11/329,381 which is incor-
porated herein by reference. Another embodiment of vapor
generation system is described in detail below in the Section
titled “REMOTE VAPOR GENERATION UNIT AND CON-
TROL SYSTEMS”. In any system embodiment, for example
in the system of FIG. 2, a controller 150 is provided that
comprises a computer control system configured for control-
ling the operating parameters of inflows of liquid treatment
media source 120 and energy applied to the liquid media by
an energy source to cause the liquid-to-vapor conversion. The
vapor generation systems described herein can consistently
produce a high quality vapor having a temperature of at least
80° C., 100° C. 120° C., 140° C. and 160° C.

[0071] AscanbeseeninFIG. 2, the medical system 100 can
further include a negative pressure or aspiration source indi-
cated at 155 that is in fluid communication with a flow chan-
nel in probe 102 and working end 110 for aspirating treatment
vapor media 122, body fluids, ablation by-products, tissue
debris and the like from a targeted treatment site, as will be
further described below. In FIG. 2, the controller 150 also is
capable of modulating the operating parameters of the nega-
tive pressure source 155 to extract vapor media 122 from the
treatment site or from the interior of the working end 110 by
means of a recirculation channel to control flows of vapor
media 122 as will be described further below.

[0072] In another embodiment, still referring to FIG. 2,
medical system 100 further includes secondary media source
160 for providing an inflow of a second media, for example a
biocompatible gas such as CO,. In one method, a second
media that includes at least one of depressurized CO,, N,, O,
or H,O can be introduced and combined with the vapor media
122. This second media 162 is introduced into the flow of
non-ionized vapor media for lowering the mass average tem-
perature of the combined flow for treating tissue. In another
embodiment, the medical system 100 includes a source 170 of
atherapeutic or pharmacological agent or a sealant composi-
tion indicated at 172 for providing an additional treatment
effect in the target tissue. In FIG. 2, the controller indicated at
150 also is configured to modulate the operating parameters
of'source 160 and 170 to control inflows of a secondary vapor
162 and therapeutic agents, sealants or other compositions
indicated at 172.

[0073] InFIG.2,itis further illustrated that a sensor system
175 is carried within the probe 102 for monitoring a param-
eter of the vapor media 122 to thereby provide a feedback
signal F'S to the controller 150 by means of feedback circuitry
to thereby allow the controller to modulate the output or
operating parameters of treatment media source 120, energy
source 140, negative pressure source 155, secondary media
source 160 and therapeutic agent source 170. The sensor
system 175 is further described below, and in one embodi-
ment comprises a flow sensor to determine flows or the lack of
a vapor flow. In another embodiment, the sensor system 175
includes a temperature sensor. In another embodiment, sensor
system 175 includes a pressure sensor. In another embodi-
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ment, the sensor system 175 includes a sensor arrangement
for determining the quality of the vapor media, e.g., in terms
or vapor saturation or the like. The sensor systems will be
described in more detail below.

[0074] Now turning to FIGS. 2 and 3, the controller 150 is
capable of all operational parameters of system 100, includ-
ing modulating the operational parameters in response to
preset values or in response to feedback signals FS from
sensor system(s) 175 within the system 100 and probe work-
ing end 110. In one embodiment, as depicted in the block
diagram of FIG. 3, the system 100 and controller 150 are
capable of providing or modulating an operational parameter
comprising a flow rate of liquid phase treatment media 122
from pressurized source 120, wherein the flow rate is within
arange from about 0.001 to 20 ml/min, 0.010 to 10 ml/min or
0.050 to 5 ml/min. The system 100 and controller 150 are
further capable of providing or modulating another opera-
tional parameter comprising the inflow pressure of liquid
phase treatment media 121 in a range from 0.5 to 1000 psi, 5
to 500 psi, or 25 to 200 psi. The system 100 and controller 150
are further capable of providing or modulating another opera-
tional parameter comprising a selected level of energy
capable of converting the liquid phase media into a non-
liquid, non-ionized gas phase media, wherein the energy level
is within a range of about 5 to 2,500 watts; 10 to 1,000 watts
or 25 to 500 watts. The system 100 and controller 150 are
capable of applying the selected level of energy to provide the
phase conversion in the treatment media over an interval
ranging from 0.1 second to 10 minutes; 0.5 seconds to 5
minutes, and 1 second to 60 seconds. The system 100 and
controller 150 are further capable of controlling parameters
of the vapor phase media including the flow rate of non-
ionized vapor media proximate an outlet 125, the pressure of
non-ionized vapor media at the outlet, the temperature or
mass average temperature of the vapor media, and the quality
of non-ionized vapor media as will be described further
below.

[0075] FIGS. 4A and 4B illustrate a working end 110 of the
system 100 of FIG. 2 and a method of use. As can be seen in
FIG. 4A, a working end 110 is singular and configured as a
needle-like device for penetrating into and/or through a tar-
geted tissue T such as a tumor in a tissue volume 176. The
tumor can be benign or malignant tissue, for example, in a
patient’s breast, uterus, lung, liver, kidney, gall bladder, stom-
ach, pancreas, colon, GI tract, bladder, prostate, bone, verte-
bra, eye, brain or other tissue. In one embodiment of the
invention, the extension portion 104 is made of a metal, for
example, stainless steel. Alternatively or additionally, at least
some portions of the extension portion can be fabricated of a
polymer material such as PEEK, PTFE, Nylon or polypropy-
lene. Also optionally, one or more components of the exten-
sion portion are formed of coated metal, for example, a coat-
ing with Teflon® to reduce friction upon insertion and to
prevent tissue sticking following use. In one embodiment at in
FIG. 4A, the working end 110 includes a plurality of outlets
125 that allow vapor media to be ejected in all radial direc-
tions over a selected treatment length of the working end.

[0076] Inone embodiment, the outer diameter of extension
portion 105 or working end 110 is, for example, 0.2 mm, 0.5
mm, 1 mm, 2 mm, 5 mm or an intermediate, smaller or larger
diameter. Optionally, the outlets can comprise microporosi-
ties 177 in a porous material as illustrated in FIG. 5 for
diffusion and distribution of vapor media flows about the
surface of the working end. In one such embodiment, such
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porosities provide a greater restriction to vapor media out-
flows than adjacent targeted tissue which can vary greatly in
vapor permeability. In this case, such microporosities insure
that vapor media outflows will occur substantially uniformly
over the surface of the working end. Optionally, the wall
thickness of the working end 110 is from 0.05 to 0.5 mm.
Optionally, the wall thickness decreases or increases towards
the distal sharp tip 130 (FIG. 5). In one embodiment, the
dimensions and orientations of outlets 125 are selected to
diffuse and/or direct vapor media propagation into targeted
tissue T and more particularly to direct vapor media into all
targeted tissue to cause extracellular vapor propagation and
thus convective heating of the target tissue as indicated in
FIG. 4B. As shown in FIGS. 4A-4B, the shape of the outlets
125 can vary, for example, round, ellipsoid, rectangular, radi-
ally and/or axially symmetric or asymmetric. As shown in
FIG. 5, a sleeve 178 can be advanced or retracted relative to
the outlets 125 to provide a selected exposure of such outlets
to provide vapor injection over a selected length of the work-
ing end 110. Optionally, the outlets can be oriented in various
ways, for example so that vapor media 122 is ejected perpen-
dicular to a surface of working end 110, or ejected is at an
angle relative to the axis 115 or angled relative to a plane
perpendicular to the axis. Optionally, the outlets can be dis-
posed on a selected side or within a selected axial portion of
working end, wherein rotation or axial movement of the
working end will direct vapor propagation and energy deliv-
ery in a selected direction. In another embodiment, the work-
ing end 110 can be disposed in a secondary outer sleeve that
has apertures in a particular side thereof for angular/axial
movement in targeted tissue for directing vapor flows into the
tissue.

[0077] FIG. 4B illustrates the working end 110 of system
100 ejecting vapor media from the working end under
selected operating parameters, for example a selected pres-
sure, vapor temperature, vapor quantity, vapor quality and
duration of flow. The duration of flow can be a selected pre-set
or the hyperechoic aspect of the vapor flow can be imaged by
means of ultrasound to allow the termination of vapor flows
by observation of the vapor plume relative to targeted tissue T.
As depicted schematically in FIG. 4B, the vapor can propa-
gate extracellularly in soft tissue to provide intense convec-
tive heating as the vapor collapses into water droplets which
results in effective tissue ablation and cell death. As further
depicted in FIG. 4B, the tissue is treated to provide an effec-
tive treatment margin 179 around a targeted tumorous vol-
ume. The vapor delivery step is continuous or can be repeated
at a high repetition rate to cause a pulsed form of convective
heating and thermal energy delivery to the targeted tissue. The
repetition rate vapor flows can vary, for example with flow
durations intervals from 0.01 to 20 seconds and intermediate
off intervals from 0.01 to 5 seconds or intermediate, larger or
smaller intervals.

[0078] In an exemplary embodiment as shown in FIGS.
4A-4B, the extension portion 105 can be a unitary member
such as a needle. In another embodiment, the extension por-
tion 105 or working end 110 can be a detachable flexible body
or rigid body, for example of any type selected by a user with
outlet sizes and orientations for a particular procedure with
the working end attached by threads or Luer fitting to a more
proximal portion of probe 102.

[0079] FIG. 6A illustrates another similar medical system
100" wherein the source 120 of a flowable liquid treatment
media communicates with an energy source 180 comprising
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a resistive heating system that can be a modular unit and can
be remote from the proximal handle end 104 of probe body
102, or the resistive can be within the handle portion or within
the extension member 105, or a combination of locations.
Thus in one embodiment, the conversion of a liquid media
121 to a vapor media 122 can be accomplished by a resistive
heating system and the vapor media can flow through an
insulated conduit 181 to communicate with flow channel 124
and then exit the probe 102 at an outlet 125 in the working end
110. The controller 150 again is operatively coupled to all the
system sources, sensors and component to control all opera-
tional parameters for treating a tissue target. As depicted in
FIG. 6B, one embodiment comprised a probe with extension
member 105 that comprises a needle member with a blunt or
sharp tip for penetration through the sclera or cornea to treat
retinal tissue 182, for example to ablate and coagulate blood
vessels 184 in a treatment of certain types of macular degen-
eration. The method can be accompanied by a penetrating
endoscope or a slit lamp can be used to localize the treatment.

[0080] Sensor Systems for Flows, Temperature, Pressure,
Quality
[0081] Referring to FIG. 7, one embodiment of sensor sys-

tem 175 is shown that is carried by working end 110 of the
probe 102 depicted in FIG. 2 for determining a first vapor
media flow parameter, which can consist of determining
whether the vapor flow is in an “on” or “off” operating mode.
The working end 110 of FIG. 7 comprises a sharp-tipped
needle suited for needle ablation of any neoplasia or tumor
tissue, such as a benign or malignant tumor as described
previously, but can also be any other form of vapor delivery
tool. The needle can be any suitable gauge and in one embodi-
ment has a plurality of vapor outlets 125. In a typical treat-
ment of targeted tissue, it is important to provide a sensor and
feedback signal indicating whether there is a flow, or leakage,
of vapor media 122 following treatment or in advance of
treatment when the system is in “off” mode. Similarly, it is
important to provide a feedback signal indicating a flow of
vapor media 122 when the system is in “on” mode. In the
embodiment of FIG. 7, the sensor comprises at least one
thermocouple or other temperature sensor indicated at 185a,
1855 and 185c¢ that are coupled to leads (indicated schemati-
cally at 186a, 1865 and 186¢) for sending feedback signals to
controller 150. The temperature sensor can be a singular
component or can be plurality of components spaced apart
over any selected portion of the probe and working end. In
one embodiment, a feedback signal of any selected tempera-
ture from any thermocouple in the range of the heat of vapor-
ization of treatment media 122 would indicate that flow of
vapor media, or the lack of such a signal would indicate the
lack of a flow of vapor media. The sensors can be spaced apart
by at least 0.1 mm, 0.5 mm, 1 mm, 5 mm, 10 mm and 50 mm.
In other embodiments, multiple temperature sensing event
can be averaged over time, averaged between spaced apart
sensors, the rate of change of temperatures can be measured
and the like. In one embodiment, the leads 186a, 1865 and
186¢ are carried in an insulative layer of wall 188 of the
extension member 105. The insulative layer of wall 188 can
include any suitable polymer or ceramic for providing ther-
mal insulation. In one embodiment, the exterior of the work-
ing end also is also provided with a lubricious material such as
Teflon® which further insures against any tissue sticking to
the working end 110.

[0082] Still referring to FIG. 7, a sensor system 175 can
provide a different type of feedback signal FS to indicate a
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flow rate or vapor media based on a plurality of temperature
sensors spaced apart within flow channel 124. In one embodi-
ment, the controller 150 includes algorithms capable of
receiving feedback signals FS from at least first and second
thermocouples (e.g., 185a and 185¢) at very high data acqui-
sition speeds and compare the difference in temperatures at
the spaced apart locations. The measured temperature differ-
ence, when further combined with the time interval following
the initiation of vapor media flows, can be compared against
a library to thereby indicate the flow rate.

[0083] Another embodiment of sensor system 175 in a
similar working end 110 is depicted in FIG. 8, wherein the
sensor is configured for indicating vapor quality—in this case
based on a plurality of spaced apart electrodes 190a and 1905
coupled to controller 150 and an electrical source (not
shown). In this embodiment, a current flow is provided within
a circuit to the spaced apart electrodes 190a and 1905 and
during vapor flows within channel 124 the impedance will
vary depending on the vapor quality or saturation, which can
be processed by algorithms in controller 150 and can be
compared to a library of impedance levels, flow rates and the
like to thereby determine vapor quality. It is important to have
a sensor to provide feedback of vapor quality which deter-
mines how much energy is being carried by a vapor flow. The
term “vapor quality” is herein used to describe the percentage
of the flow that is actually water vapor as opposed to water
droplets that is not phase-changed. In another embodiment
(not shown) an optical sensor can be used to determine vapor
quality wherein a light emitter and receiver can determine
vapor quality based on transmissibility or reflectance of a
vapor flow.

[0084] FIG. 8 further depicts a pressure sensor 192 in the
working end 110 for providing a signal as to vapor pressure.
In operation, the controller can receive the feedback signals
FS relating to temperature, pressure and vapor quality to
thereby modulate all other operating parameters described
above to optimize flow parameters for a particular treatment
of'a target tissue, as depicted in FIG. 1. In one embodiment, a
MEMS pressure transducer is used, which are known in the
art. In another embodiment, a MEMS accelerometer coupled
to a slightly translatable coating can be utilized to generate a
signal of changes in flow rate, ora MEMS microphone can be
used to compare against a library of acoustic vibrations to
generate a signal of flow rates.

[0085] FIGS. 9A and 9B illustrate another embodiment of
vapor delivery tool and working end 110 that is coupled to a
vapor source and controller 150 as described above (see F1G.
2). In this embodiment, the extension member 105 is similar
to that of FIGS. 4A and 4B but includes an expandable work-
ing end indicated at 210. As can be seen in FIGS. 9A-9B, the
working end includes a region that is woven, knit or braided
from wire-like metal or polymer filaments 211 around a flow
channel 124 that extends through extension member 105 and
wherein the inflow pressure of the vapor 122 is controlled to
cause expansion of the woven filament working end at the
same time as diffusing the vapor flow from the plurality of
outlets 125 can between the filaments 211 (FIG. 9B). The
expansion of the working end is adapted to apply compres-
sion against the soft tissue and tumor T to thereby alter con-
vective heating effects in such tissue. Such compression
increases local tissue density and can make tissue density
more uniform, for example, by collapsing vessel and lumens
in the targeted tissue which may otherwise cause a pathway
for convective heat transfer to migrate non-uniformly.
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[0086] FIGS.10A and 10B illustrate another vapor delivery
tool with an extension member 105 having a working end 110
that carries a non-complaint or compliant expandable struc-
ture 222 such as a balloon made of any suitable temperature
resistant polymer known in the art. The balloon 222 can be
sealed and coupled to the extension member 105 by adhesives
or collars. In a method of use as shown in FIGS. 10A-10B, the
expandable working end 220 can be carried is a retractable
sheath 224 that is inserted into tissue (FIG. 10A) and then
withdrawn to dispose the working end 110 in the targeted
tissue. The balloon 222 has an interior chamber 225 with a
wall 226 that is microporous or has plurality of outlets 125
therein as depicted in FIG. 10B. As can be seen in FIG. 10B,
the inflow of vapor 122 from source 120 is modulated by a
controller 150 to expand the balloon 222. Thereafter, the
vapor propagates from the outlets 125 in the balloon wall to
apply energy to the tissue interfacing with the balloon wall.

[0087] FIG.11 is a cutaway view of another vapor delivery
tool or probe with extension member 105 and working end
110 that includes an expandable structure 222 similar to that
of FIGS. 10A-10B. The embodiment of FIG. 11 includes a
first flow channel 124 for carrying the vapor into the interior
chamber 225 of the expandable structure 222 and a second
recirculating flow channel 228 in communication with nega-
tive pressure source 155 for aspiration or extraction of a flow
of media from the interior chamber 225. This embodiment
thus uses both a pressurized inflow source 120 and the recir-
culation channel 228 coupled to negative pressure source 155
to allow the controller to precisely modulate flow from outlets
125 in the expandable structure 222. The embodiment of FIG.
11 is shown for convenience with a substantially symmetrical
balloon, but it should be appreciated that the balloon can be
any symmetric, elongated, complex or asymmetric shape and
can be configured for deployment and expansion in soft tissue
or can be configured for deployment in a body cavity or
lumen, such as a blood vessel, AVM, a patient’s uterus, a nasal
passageway or sinus, a gall bladder or other hollow organ, the
gastrointestinal tract or the respiratory tract. The expandable
structure 222 or balloon can have multiple chambers with
internal constraining elements to allow the balloon to deploy-
ably expand to an asymmetric shape.

[0088] FIGS. 12A and 12B depict another system and
working end 110 with an asymmetric shaped expandable
structure 222 configured for deployment in a patient’s uterus
to apply energy for an endometrial ablation treatment. It can
be seen that expandable structure 222 is shaped to occupy the
cavity of a uterus and has a plurality of interior chamber
portions 225 collectively in FIG. 12B separated by a vapor
impermeable or permeable wall 242. The expandable struc-
ture 222 can have from 2 to 100 or more such chambers and
is shown in FIGS. 12A and 12B with three chamber portions
244a,244b, 244¢. The balloon wall 226 has vapor outlets 125
as described previously, and further includes the recirculation
channel 228 and pressure control system as described in the
embodiment of FIG. 11. The expandable structure 222 of
FIG. 12B is shown with a plurality of outlets 125 or porosities
in the wall 226 of the balloon, and it should be appreciated
that the outlets can vary in density and dimension to permit
greater and lesser vapor propagation through selected regions
of'the wall. For example, greater vapor flows can be directed
to thicker endometrial portions to increase the depth of abla-
tion, and lesser vapor flows can be directed to thinner layers of
the endometrium and toward the fallopian tubes.
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[0089] FIG. 12C illustrates another probe embodiment for
applying energy to a body cavity and more particularly to a
uterine cavity 300 for accomplishing an endometrial ablation
treatment. This embodiment is similar to that of FIGS. 4A-4B
wherein the working end 110 is a non-expandable tubular
member. FIG. 12C illustrates the endometrium 305 that is
targeted for ablation to treat menorrhagia. The endometrium
305 is the uterine lining that is inward of the myometrium 306
and perimetrium 307. The embodiment of FIG. 12C has
working end 110 that has a soft or blunt distal tip 310 that is
dimensioned for insertion through cervix 312. The working
end 110 can range from about 2 mm to 8 mm in diameter, and
can have a vapor delivery lumen 124 that is substantially
small for vapor delivery to one or more outlets 125 with the
outlets distal of expandable balloon 315. The extension mem-
ber 105 includes with a substantial insulative layer 320 (fur-
ther described below) that extends to the working end 110. In
this embodiment, the extension member 105 and working end
110 can be fabricated of a polymer material such as PEEK,
PTFE, Nylon or polypropylene and a plurality of outlets 125
for vapor ejection can be provided in selected radial direc-
tions over a selected length of the working end 110. In another
embodiment, the working end 110 can have a single outlet
125. In one embodiment, the working end 110 has an expan-
sion member or balloon 315 positioned proximal to the vapor
outlet(s) 125 to prevent proximal vapor flows retrograde from
the uterine cavity and to protect the cervix 312 from high
temperatures. The deployment of balloon 315 can further
allow a selected pressure to be maintained in the cavity
wherein another lumen 228 (aspiration lumen) with port 321
in the working end is coupled to negative pressure source 155
that includes a valve configured to control outflows from the
uterine cavity with the valve operatively connected to con-
troller 150. In another embodiment, the working end 110 can
include any inflatable, actuatable or spring-like frame to dis-
tend the cavity in the uterus, as well as expandable balloons or
similar structures (not shown) for preventing vapor flow into
the fallopian tubes 322. As can be understood from FIG. 12C,
the endometrial ablation system can have all of the features,
sensors and subsystems described elsewhere herein in the
various embodiments. In one method, the system and con-
troller can utilize the controller 150 and valve connected to
the aspiration lumen 228 in the probe valve to provide a
pressure in the uterus during treatment ranging between 0.1
psiand 50 psi, between 0.2 psi and 10 psi, and between 0.5 psi
and 5 psi. In the embodiment of FIG. 12C, the inflation lumen
to expand the balloon 322 is not shown and can be manually
operated or can be operatively coupled to controller 150. In
another method, the system allows controlled distension of a
body cavity with a gas or vapor media, such as a uterine
cavity, in combination with the vapor media applying a
selected amount of ablative energy uniformly about the sur-
face of the distended body cavity.

[0090] In another aspect of the invention, a vapor delivery
system as described above can have an extension member 105
(FIGS. 4A-12C) with an insulative wall, as depicted in the
cross-sectional view of FIG. 12D. In FIG. 12D, it can be seen
that at least one flow channel 124 is within an interior of the
surrounding structure or wall 324 that includes a thermally
insulative layer or region indicated at 320. In one embodi-
ment, the extension member 105 has a thin inner layer 325
around the flow channel 124 which is of a biocompatible fluid
impermeable material such as a polymer (Teflon®) or a metal
such as a stainless steel. A flexible vapor delivery extension
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member can include an electroless plating over a polymer
base to provide biocompatible inner layer 325. Outward from
the inner layer 325 is the insulating region or layer 320 that
can comprise air channels, voids with a partial vacuum, a
region that carries an aerogel or aerogel particles optionally
under a partial vacuum, a region that carries hollow glass or
ceramic microspheres, or a region with a channel or multiple
channels that provide for a flow of air or a liquid about the at
least one flow channel 124. An extension member 105 that
includes flow channels or recirculation channels can be
coupled to any positive and negative pressure sources known
in the art to cause a flow of air, cooling fluids, cryogenic fluids
and the like through such channels. The exterior 326 of the
wall 324 can be any suitable layer of a high temperature
resistant polymer such as PEEK. Other materials used in an
extension member can comprise formulations or blends of
polymers that include, but are not limited to PTFE, polyeth-
ylene terephthalate (PET), or PEBAX. PTFE (polytetrafluo-
roethylene) is a fluoropolymer which has high thermal stabil-
ity (up to 260° C.), is chemically inert, has a very low
dielectric constant, a very low surface friction and is inher-
ently flame retardant. A range of homo and co-fluoropoly-
mers are commercialized under such names as Teflon®, Tef-
zel®, Neoflon®, Polyflon® and Hyflon®. In one
embodiment, the insulative layer 320, or inner layer 325 and
insulating layer 320 in combination, or the entire wall 324,
can have a thermal conductivity of less than 0.05 W/mK, less
than 0.01 W/mK or less than 0.005 W/mK. In another aspect
of the invention, the wall is configured at least partially with
materials interfacing the channel that have a heat capacity of
less than 2000 J/kgK for reducing condensation in the flow
channel upon the initiation of vapor flow therethrough.

[0091] FIGS. 13A-13B illustrate another system with
expandable working end similar to that of FIGS. 12A-12B
with an additional energy delivery system carried by the
expandable structure 222. As can be seen in FIG. 13A, the
surface of expandable structure 222 carries at least one elec-
trode arrangement operatively coupled to an electrical source
such as an Rf source 332A and Rf controller 332B. The
energy delivery system can comprise a surface electrode on
the expandable structure 222 that cooperates with a ground
pad, or as shown in the FIG. 13 A, the system can carry spaces
apart bi-polar electrodes that can comprise conductive coat-
ings on a non-complaint balloon. In one embodiment of FIG.
13 A, opposing polarity (+) and (=) electrodes 333 A and 333B
are shown and are adapted to apply energy to tissue as well as
vapor 122 that exits the outlets 125. The current flows
between the electrodes 333A and 333B are indicated by
dashed lines in FIG. 13 A, with such electrodes spaced apart is
four quadrants around the structure. It should be appreciated
that such spaced apart bi-polar electrode pairs can number
from 2 to 100 or more about the surface of the structure. Inone
embodiment, hypertonic saline is vaporized to provide the
flow of vapor 122 and saline droplets which will enhance Rf
energy delivery to the tissue. FIG. 13B shows a cross section
of a portion of wall 226 of the expandable structure of FIG.
13A wherein the interior chambers 225 (collectively) are
channels in a thin film structure wall with outlets indicated at
125. In one embodiment, as in FIGS. 13 A and 13B, the larger
openings 334 permit vapor in the cavity extracted by a central
aspiration or recirculation channel 228 at the interior of the
structure similar to that of FIG. 11. The illustration of FIG.
13B does not show the interior constraining elements 242 as
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in FIG. 12B, but it should be understood that any number of
such elements are possible to provide an asymmetric-shaped
structure when pressurized.

[0092] In a method of use in treating the interior of an
organ, with reference to FIGS. 12A, 12B and 12C, one
method includes introducing the working end of an elongated
probe introduction into a uterine cavity, providing a flow of a
vapor media derived from water or saline from at least one
outlet 125 in the working end 110 wherein the flow media
applies a selected level of thermal energy to ablate at least
portions of the endometrium. As described above, the abla-
tion method is accomplished by allowing the vapor to col-
lapse or condense to thereby release the heat of vaporization
to uniformly ablate surface layers of the endometrium. Stated
another way, the method includes converting the flow media
from a first phase to a second phase thereby controllably
applying thermal energy to the endometrium. One method
includes introducing the flow media at a flow rate of ranging
from 0.001 to 20 ml/min, 0.010 to 10 ml/min, 0.050 to 5
ml/min. One method includes introducing the flow media at
an inflow pressure ranging from 0.5 to 1000 psi, 5 to 500 psi,
and 25 to 200 psi. One method further includes applying the
selected level of thermal energy over an interval ranging from
0.1 to 600 seconds; 0.5 to 300 seconds, and 1 to 180 seconds.
Another method as described above includes providing a flow
of'a second media for combining with the vapor 122 to alter
the average mass temperature of the combined vapor and
second media.

[0093] Inanother aspect of the method of treating a uterus
or the interior of another hollow organ, with reference to FIG.
12C, the system can be used to control the pressure within the
uterus or other organ with controller 150 as described above.
In one method, the controller 150 can control pressure in the
cavity by modulating the inflow pressure of the flow media
122. In a related method, the controller 150 can control pres-
sure by providing an outflow passageway in the probe for
reducing pressure in the cavity. In an endometrial ablation
procedure, the method includes providing a pressure in the
uterus ranging between 0.1 psi and 6 psi, between 0.2 psi and
4 psi, and between 0.5 psi and 2 psi. This method includes
controlling pressure in the uterus to distend the uterus during
treatment. These methods also can be used when distending
the uterus with an expandable working end.

[0094] Recirculation Channel, Flow Control, Insulative
Subsystems
[0095] FIGS. 14A and 14B depict another vapor deliver

probe 335 with extension member 105 that can include the
sensor subsystems as in the probe of FIG. 7 and additionally
is configured with a second or recirculating flow channel 340
in the probe and extension member 105 that extends back to
vent recirculation flows and optionally communicates with a
negative pressure source 155 as depicted in FIG. 2. In one
embodiment, the second channel or recirculating channel 340
is configured for controlling vapor flows to the outlet 125,
which for example can be a single outlet or a plurality of
outlets as in any embodiment described previously. In FIG.
14A, it can be seen that vapor media 122 generated by vapor
generating components as described above and controller 150
to provide a pressurized vapor flow that flows distally through
channel 124 and then reverses direction to flow in the proxi-
mally direction within channel region 342 that transitions into
the second or recirculating channel 340. It can be understood
that vapor media flows will continue in path of channel 124
and recirculation channel 340 so long as flow resistance is less
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through this pathway than through the small cross-section
vapor outlet 125. In this aspect of the invention, the collective
cross-section of the outlet(s) 125 is substantially less than the
cross-section of the recirculating channel 340, for example,
less than 20% of the recirculating channel 340, less than 10%
of the recirculating channel 340, or less than 5% of the recir-
culating channel 340. The system includes means for closing
the recirculating channel 340 to thus force vapor media 122
through the at least one outlet 125 to provides a “passive
valve” at the outlet 125 and a method of instantly turning on
a vapor flow from outlet 125 when operating a vapor genera-
tor in a continuous mode. In FIGS. 14A and 14B, it can be
seen that a manual switch 348 in the handle portion 104 can
operate valve 350 to block the recirculating channel 340 thus
providing the passive valve that comprises the reduced cross-
section outlet 125 at the working end. This form of passive
valve is very useful in small diameter elongated extension
members 105 such as an elongate flexible catheter. The switch
can be in a proximal handle end 102 of the probe or optionally
in a negative pressure source 155 coupled to recirculating
channel 340 and can be operated by controller 150. In FIG.
14A, it can be understood that negative pressure source 155
can be operated to assist in exhausting vapor media from the
recirculating channel 340 to enhance the recirculating flows.
While the embodiment of FIGS. 14A-14B illustrates parallel
channels 124 and 340, the channels can be varied, for
example being concentric as described further below, or var-
ied in cross section and/or length. The embodiment of FIGS.
14A-14B depict a blunt-tip working end 110 that can be used
when injecting vapor into a lumen or body cavity such as a
patient’s respiratory tract, blood vessel, uterus, gastrointesti-
nal tract and the like. It can be understood that a sharp-tip
needle can be coupled to the distal end of the extension
member 105 of FIGS. 14A-14B so that the passive valve is
close to a needle that is configured to penetrate tissue for
interstitial vapor delivery.

[0096] The embodiment of FIGS. 14A and 14B further
illustrates a sensor system with temperature sensors 185a-
185¢ as described above in the embodiment of FIG. 7. In
addition, FIGS. 14A and 14B illustrate a visualization ele-
ment 98 placed within a probe 335. In this variation the
visualization element 98 is located in a working end 110 of
the probe 335. However, the visualization element 98 can be
located in any region of the device either by being placed
within the device or otherwise attached to the device. Any
number of visualization element 98 can be incorporated with
the methods and devices described herein. For example, a
visualization element 98 can include an optic fiber advanced
within or adjacent to the device, a CCD camera affixed to the
device or other visualization means as commonly used in
remote visualization applications. The visualization element
98 can provide imaging before, during, and/or after the con-
trolled flow egresses from the device. In addition, the visual-
ization element can include thermal imaging capabilities to
monitor the vapor flow from the device or the treatment effect
in tissue.

[0097] FIG. 15A illustrates a vapor delivery tool or probe
400 that has a hub or handle portion 402 with extension
portion 105 and working end 110 that is configured with an
insulated wall 324 about flow channel 124 as in the embodi-
ment depicted in FIG. 12D. As can be understood from FIG.
15A, a liquid media source 120 and vapor generator provides
vapor 122 and can be coupled to a flexible vapor delivery
conduit 404 with a connector 406 that is coupled to Luer-type

Jul. 17,2014

fitting 407 of the handle portion 402 of the probe. In one
embodiment, the insulative region 320 of the wall comprises
an aerogel 408 or an aerogel in a sealed insulative region 320
that is under a partial vacuum. Silica aerogels are a common
form of aerogel having a very low thermal conductivity rang-
ing from 0.03 W/m-K to 0.004 W/m-K. Other forms of aero-
gels may be used such as a carbon aerogel, or a combination
silica and carbon aerogel.

[0098] As can beseen in FIG. 15A, the probe 400 includes
a temperature sensor 410 in the end of flow channel 124 that
corresponds to a part of a sensor system coupled through
electrical lead 410 and connector 412 to controller 150 as
described in the text accompanying FIGS. 7-8. Further, one
embodiment carries another sensor or thermocouple indi-
cated at 415 proximate an exterior surface of the extension
member 105 coupled by lead 416 to the controller. The addi-
tional thermocouple 415, or a plurality of such thermo-
couples, can be used to measure surface temperature of an
extension member in the interior of a patient’s body, for
example an elongate flexible catheter in a body lumen, to
insure that a surface temperatures is not elevated above a
point that causes an unwanted effect in tissue. The thermo-
couple 415 is coupled to controller 150 to provide feedback
signals to thus allow modulation of a duty cycle or other
operating parameter of vapor delivery.

[0099] Inone aspect of the invention, a method of practic-
ing a thermotherapy procedure includes positioning an insu-
lative extension portion of a probe 400 in a patient’s body to
provide an access to a targeted site, and delivering a high
temperature condensable vapor through a flow channel 124 in
the probe 400 to provide an intended effect wherein a probe
wall is configured with an insulative portion having a thermal
conductivity of less than 0.05 W/mK, less than 0.01 W/mK or
less than 0.005 W/mK to limit thermal transfer from a probe
to tissue. In one embodiment, the probe 400 has a flow chan-
nel 124 with at region around the flow channel that is fabri-
cated of a material having a heat capacity of less than 3000
J/kgK, leas than 2500 J/kgK, of less than 2000 J/kgK, which
can prevent condensation and thus improve vapor quality. In
one embodiment, a system with a flow channel 124 between
the vapor source 120 and the outlet 125 having the materials
with flow channel walls including the low heat capacity mate-
rial can provide a water vapor quality at the outlet 125 of at
least 70% vapor, at least 80% vapor and least 90% vapor.
Further, the method includes providing such vapor over a duty
cycle ranging from 5 seconds to 5 minutes with less than 10%
variation in said vapor quality. The quality of vapor is directly
correlated to the amount of energy applied to tissue, so that it
is critical to know the quality—and hence stored energy—in
the vapor media. In other embodiments, the extension mem-
ber 105 can be rigid, flexible, deflectable, malleable or
curved. It can be understood that an elongate flexible catheter
can be used in a treatment of varicose veins or other endovas-
cular treatments. The extension member 105 can have a
length of at least 10 mm, 25 mm, 50 mm and 100 mm. As can
be seen in FIG. 15A, the extension member 105 can have
markings indicated at 418 for monitoring depth in skin, and
the markings also can be radiopaque markings.

[0100] A probed00asinFIG. 15A canbe positioned within
a body orifice or within any body passageway, opening, cav-
ity, lumen, vessel, sinus or a body wall, membrane or surface
layer of a body structure, such as skin. The method can
comprise using the insulative extension member 105 of FIG.
15A in any wall, membrane or surface layer of a body struc-
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ture including an eye, a brain, a sinus, a nasal passageway, an
oral cavity, a blood vessel, an arteriovascular malformation, a
heart, an airway, a lung, a bronchus, a bronchiole, a larynx, a
trachea, a Fustachian tube, a uterus, a vaginal canal, an
esophagus, a stomach, a duodenum, an ileum, a colon, a
rectum, a bladder, a urethra, a ureter, a vas deferens, a kidney,
a gall bladder, a pancreas, a bone, a joint capsule, a tumor, a
fibroid, a benign tissue mass, a vascularized tissue mass,
hemorrhoid, a tissue mass including a plexus of dilated veins,
a neoplastic mass and a cyst. The method can also include
positioning or translating the extension member 105 for vapor
delivery within a body passageway, body opening, cavity,
lumen, vessel or sinus that can comprise an airway, an ear
canal, a Eustachian tube, a cervical canal, a vaginal canal, a
nasal sinus, an esophagus, a stomach, a duodenum, an ileum,
acolon, a rectum, a bladder, a urethra, a ureter, a vas deferens,
a fallopian tube, a blood vessel, a milk duct and a lymph
vessel.

[0101] The probe 400 of FIG. 15A further includes an
handle portion 402 configured with on or more other lumens
that connect to flow channel 124 or one or more channels in
the wall of the extension member 105. For example, fluid
source 420 can be coupled to connector 422 and lumen 423 to
deliver inflation pressure to a balloon 325 as depicted in FIG.
12C. Still referring to FIG. 15A, another connector 424 and
lumen 426 is coupled, for example to a secondary vapor
source 160 as described in the text accompanying FIG. 2. It
should be appreciated that the hub or handle portion 402 can
be configured with from 1 to 10 or more such connections to
provide various functions.

[0102] The probe 400 of FIG. 15A is configured to have
vapor source 120 directly coupled to fitting 407 to provide a
flow of vapor 122 through the flow channel 124. It should be
appreciated that the probe or assembly 400 of FIG. 15A can
be used as an insulative sheath, and an elongated flexible or
rigid vapor delivery tool can be introduced through the flow
channel to deliver vapor to a targeted tissue. For example, the
probe or assembly 400 could be used as a sheath to extend
through skin and the wall of a blood vessel, and a vapor
delivery catheter can be introduced through the channel 124
for delivery of vapor from a working end of a catheter (not
shown).

[0103] FIG. 15B illustrates another embodiment of probe
400 with an elongated extension member 105 for vapor deliv-
ery that includes an insulative region 320 similar to FIGS.
12D and 15A, which can comprise an concentric air space
428 with an optional aerogel, or a system of recirculation
channels. The embodiment of FIG. 15B further includes the
recirculation flow channel system and passive valve of FIGS.
14A-14B. In the embodiment of FIG. 15B, the flow channel
124 carries the distal vapor flow toward outlet 125 and the
second return channel 340 (cf. FIGS. 14A-14B) is concentric
about channel 124. It can be seen in FIG. 15B that one or more
openings 430 allow for vapor flow transition and reverse in
direction from flow channel 124 to return channel 340. In this
embodiment, a solenoid valve 432 in the handle portion 402
is configured to close the return channel 430 to thus cause a
distal flow of vapor through the outlet 125 as described in the
text accompanying FIGS. 14A-14B. The solenoid 422 is
operatively connected to controller 150 by electrical connec-
tor 412. In the embodiment of FIG. 15B, a fluid source 420
again is coupled to connector 422 and lumen 423 to deliver
inflation pressure to a balloon 325 (not shown) but which is
depicted in the embodiment of FIG. 12C. In FIG. 15B, the
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connector 424 and lumen 340’ is coupled to a negative pres-
sure source 155 which is in turn in communication with return
channel 340 to provide the passive valve functionality at the
working end to cause vapor flow through the outlet 125.

[0104] FIG. 15C illustrates an embodiment of probe 400
that has the same features as the embodiment of FIG. 15B
except that the extension member 105 of FIG. 15C includes
an insulative region 320 that comprises a concentric system of
recirculation inflow and outflow channel portions, 435 and
435' respectively, that are coupled through connector 422 to
an inflow/outflow source 440 for providing the fluid flows for
cooling the extension member wall. The fluid flows provided
by the source 440 can be any gas, liquid, cryofluidor the like,
and outflow source of system can further be configured to
apply a partial vacuum while at the same time as flowing a gas
through the channel portions 435 and 435'. While the inflow
and outflow channel portions 435 and 435' are shown as
concentric, such lumens can be axial or helical and extend
about the vapor flow channel 124.

[0105] FIG. 15D illustrates another embodiment of probe
400 that is similar to the embodiment of FIG. 15C except that
the extension member 105 of FIG. 15D is configured with a
single concentric flow channel 442 for recirculation flows that
takes the place of two lumens 340 and 435" in FIG. 15C. It can
be seen that flows of vapor 122 will travel distally in flow
channel 124 and then through opening 430 to thereafter flow
proximally through channel 442 and 442' in the connector to
the atmosphere or negative pressure source 155. In this
embodiment, the source of cooling fluid indicated at 440
provides a flow of air or other gas that flows distally through
connector 422 and channel 435 to the working end 110 and
then the cooling gas reverses direction to flow proximally in
channel 442 which combines with proximal vapor flows as
described above in this paragraph. In this embodiment, the
solenoid 432 is configured to channel 442 to cause vapor
flows to be forced through outlet 125 which also thus will
interrupt cooling gas flows through channel 435. Thus, this
system is best suited for treatment methods that require
pulsed vapor flows or intermittent vapor flows into a targeted
tissue, so that when vapor flows are not directed though outlet
125, the cooling gas will cool the exterior of the extension
member 105.

[0106] FIGS. 15E-15F illustrate a working end 110 of
another embodiment of probe 400 similar to that of FIG. 15D
except that a slidable sleeve member 450 is utilized as a valve
to direct flows distally through the outlet 125. As can be seen
in FIG. 15E, the sleeve 450 is in a proximal position so that a
flow of vapor 122 in channel 124 transitions through openings
430 to thereafter flow proximally through channel 442 as
described previously. In this embodiment, the reduced cross-
section outlet comprises a microporous material indicated at
455 that permits vapor flow therethrough but prevents flow of
water droplets to thereby maintain high vapor quality. The
microporous material can be a sintered metal filter with pore
sizes ranging from about 10 microns to 200 microns. Further,
in one embodiment illustrated in FIG. 15E, the microporous
material 455 is a resistively heatable material such as
nichrome that is coupled to electrical source 460 and control-
ler 150 by opposing polarity electrical leads 462 and 464 to
heat the material. The controller 150 can be configured to heat
the microporous material 455 when the slidable sleeve mem-
ber 450 is advanced as shown in FIG. 15F. In FIG. 15F, it can
be seen that advancing the sleeve member 450 distally func-
tions as a valve to close the openings 430 thus forcing the
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vapor into and through the microporous material 455. At the
same time, the microporous material 455 is heated to a tem-
perature capable of vaporizing any micro-droplets of water in
contact with the microporous material 455 and outlets 125
therein to enhance vapor quality.

[0107] Ascanbeunderstood, an aspect ofthe inventionis to
provide first energy source and heat emitter for converting a
liquid media such as water or saline into a vapor media, for
example in a handle 102 of the system 100 as shown sche-
matically in FIG. 2. The system can provide a second energy
source and emitter such as microporous material 455 in a
working end of a vapor-carrying tool or extension member to
vaporize any water droplets in a vapor media to thereby
provide a high quality vapor with controlled high energy
content, such as a vapor that is at least 70%, 80%, or 90% pure
water vapor.

[0108] One method of the invention for performing a ther-
motherapy procedure comprises causing a flow of a gas or
liquid within a vapor delivery member (e.g., extension mem-
ber 105 of FIGS. 15A-15F) positioned in a body structure,
wherein the vapor delivery member is configured to reduce
thermal transfer from a high temperature vapor flow to the
body structure. In one embodiment, the vapor delivery mem-
ber reduces such thermal transfer by providing a flow of a gas
or liquid in the vapor delivery member to extract heat or
evacuating a gas from a channel of the member to create or
enhance a partial vacuum of the channel. Another method of
the invention comprises causing a flow of a gas or liquid
within a vapor delivery member wherein the flow is provided
at a selected pressure provided by a controller 150, and/or
wherein the controller is responsive to sensing data from a
temperature sensor in the member. The method includes
using a thermotherapy probe to provide a flow of vapor
through an interior channel of the probe to apply energy to the
targeted tissue site. The sleeves can be configured with inte-
rior channel portions that are axial, co-axial, concentric and/
or helical. The interior channel or chamber can form a closed
loop or can have at least one outlet in a surface of the sleeve,
for example, to allow leakage of a cooling fluid into an inter-
face with body structure.

[0109] FIG. 16 illustrates another embodiment of probe
500 that combines features of the embodiments of FIGS. 12C
and 15C with vapor flow channel 124 and recirculation chan-
nel 340 to provide a passive valve at the outlet 125. The
embodiment further includes a source of cooling fluid indi-
cated at 440 that provides a flow of liquid or gas that flows
distally through connector 422 and channel 435 to the work-
ing end 110 and inflates the balloon 315 and then reverses
direction to flow proximally in channel 435' to exit the probe.
FIG. 16 illustrates a flow of a fluid into the balloon through
port 504 and exiting the balloon through port 506 that com-
municates with outflow channel 435'. Thus, this embodiment
provides a cooling flow through the balloon member 315. In
the embodiment of FIG. 16, a negative pressure source 155 as
in FIG. 12C is coupled to connector 424 and channel 228 that
terminates in at least one open port 510 in the working end.
Thus, the controller 150 can modulate pressure with a body
cavity by controllably extracting media from the cavity such
as a uterine cavity (see FIG. 12C).

[0110] Remote Vapor Generation Unit and Control Sys-
tems
[0111] Now turning to FIGS. 17A-18B, several views of a

vapor generation system or source 700 of the invention are
shown, which comprises a unit 702 that can be connected with
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a flexible vapor delivery conduit 705 that extends to a vapor
delivery tool or probe (710 or 710') each having a working end
(715 or 715"). An exemplary instrument or 710 or 710' can be
configured for intraluminal or interstitial energy application
as described in previous embodiments. For purposes of clar-
ity, interstitial tissue means the tissue that is adjacent to the
interspaces of adjoining tissue while intraluminal tissue is
tissue that is adjacent to or surrounding any lumen. The probe
710 has a working end 715 similar to FIG. 12C with a balloon
member 325. The probe 710" has a working end 715' similar
to FIG. 4A but with multiple extendable vapor delivery
needles 717. The vapor delivery flex-sleeve or conduit 705
can be disposable or re-useable. The unit 702 includes a
canister or generator 716 with an interior chamber 718 which
has a heat source that applies energy to liquid media in the
interior chamber to produce a vapor media. Of particular
interest, the system 700 is configured to provide a high quality
vapor media with precise parameters in terms of vapor qual-
ity, exit vapor pressure from the working end 715, exit vapor
temperature, and maintenance of the parameters within a tight
range over a treatment interval. All these parameters must be
controlled with a high level of precision to achieve controlled
dosimetry, no matter whether the particular treatment calls for
very low pressures (e.g., 1-5 psi) over a treatment interval or
very high pressures (200 psi or greater) and no matter whether
the treatment interval is in the 1-10 second range or 2 to 5
minute range.

[0112] Inoperation, the system 700 relies on developing a
selected pressure in the interior chamber 718 of canister 716
and maintaining the selected pressure which then can drive
the vapor through the working end 715 of any type of vapor
delivery tool or probe and into an interface with tissue without
the need for any vapor pumping mechanism. In one embodi-
ment shown in FIGS. 18A-19, the heat source can comprise
first and second resistive heating band elements 720a and
7205 about the exterior of a stainless steel canister 716
capable of withstanding high internal pressures. An exterior
insulator layer about the exterior of canister 716 is not shown
in FIGS. 18A-18B. The unit 702 includes a number of fea-
tures that allow for production of high quality vapor over an
extended period of time at the generator outlet 722 (FIG.
17A), the conduit outlet 724 (FIG. 20) or at least one outlet
125 in the instrument working end 715. In one embodiment,
the unit can provide vapor media at a selected pressure
between 1 psi and 300 psi over any treatment interval from 1
second to 10 minutes with a variation in pressure of less than
0.1 psi. Stated another way, the system can provide vapor with
less that 10% variability, less than 5% variability and less that
2% variability over a treatment interval. By the term high
quality vapor, it is meant that the vapor media that is substan-
tially a water vapor that upon a phase change releases at least
300 cal/gm, 350 cal/gm, 400 ca/gm, 450 cal/gm or 500 cal/
gm. Stated another way, the term high quality vapor means
that a vapor source produces a vapor media that is at least 60%
pure vapor, at least 70% pure vapor, at least 80% pure vapor,
or at least 90% pure vapor on the based or weight or mass. In
one embodiment, the system is adapted for providing a thera-
peutic effect in a subject and includes an instrument having a
working end 715 configured for positioning in a subject, a
flow channel 802 (FIG. 21) extending through the instrument
to at least one outlet in the working end 715, and a controller
730 and control algorithms operatively coupled to the unit
702 for controlling operational parameters.
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[0113] Still referring to FIGS. 17A-19, an overview of a
method of operating the unit 702 is described next, which
includes a number of features and aspects of the system that
allow the system to provide precise dosimetry. The unit 702
includes a touch screen or panel 732 and power switch 734.
When the switch 734 is in the ON position, power is applied
from electrical source 735 (FIG. 17B) to the controller printed
circuit board (PCB) indicated at 736, the heating circuitry to
energize the heater band elements 720a and 7204, the pump
740 and other components (see FIGS. 18A-19). In one
embodiment, the canister also carries an immersion heater
(not visible in FIG. 18A) in the interior chamber 718 for
allowing raid start up heating of the system. When switch 734
it is in the OFF position, all the power to the unit is turned off.
The panel includes an emergency push button switch 741 that
when pressed inward, power for the heating system is turned
off. When the switch 741 is pulled outward and the emer-
gency reset switch 742 on the touch screen is actuated, power
is delivered to relays 744 and the power for the heating system
will be applied if the water level in interior chamber 718 has
a sufficient water level. If not, the heating circuitry will not be
activated until a water level sensor system 750 determines
that a sufficient water level has been attained in chamber 718
which then closes the circuit.

[0114] Referring to FIGS. 18A-19, the water level sensor
system 750 can have one or more set points, and in one
embodiment is configured with three water level set points
wherein the sensor system includes a float 752 or optical level
sensors in a chamber in fluid communication with the interior
chamber 718 of canister 716. In one embodiment, if the water
level is at a first OFF set point, the controller 730 removes
power from, or does not permit power application to, the
heater band elements 720a and 7205 and the immersion
heater. When the water level is at a second minimum set point,
the pump 740 runs until the water level reaches the third
normal set point at which time the pump stops pumping. The
heating system can be configured to operate continuously
when the water level is between minimum and the normal set
points, subject to other functional algorithms described
below. In another embodiment, the level sensor system can
comprise at least one of a float sensor, an optical sensor, an
electrical sensor and a thermal sensor. Multiple systems can
be provided for redundancy and safety purposes.

[0115] In another aspect of the invention, the unit 702
includes a disposable source of a liquid such as sterile water
indicated at 760 in FIGS. 17A-17B. The liquid source 760 can
be a commercially available flex-wall sac of sterile water,
such as a 500 ml, 1000 ml or 2000 ml bag. The bag can be
suspended from any stand or rack to allow a gravity flow of
the liquid through connector 762 and inflow channel 764
toward the pump 740. In another embodiment, the liquid
container can comprise a plastic sac or bottle particularly
adapted for single patient use wherein the container can be
disposed of following a single procedure. The system is con-
figured with a connector 762 known in the art that allows
change out of the liquid source 760 without interruption of
use of the system, or alternatively, the purge system (de-
scribed below) can be actuated upon changing the liquid
source 760. As will be described further below, the system
also has a disposable liquid collection sac indicated at 765.

[0116] Inone embodiment, when the unit 702 is first turned
on, the controller 730 activates a priming subsystem which
includes a priming outflow channel indicated at 766 that flows
to collection and cooling reservoir indicated at 780 in FIGS.
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18A-19. In operation, the prime solenoid 784 (FIG. 19) is
activated for a short period of time during initial activation of
pump 740, for example for 1 to 60 seconds. This priming step
provides that air in the outflow from pump 740 is directed
through the prime outflow channel 766 in order to prime and
relieve the pump, which thus reduces the possibility of
unwanted air entering the interior vaporization chamber 718
of'canister 716. This priming circuit can be activated when the
touch screen button for “prime” is pressed or when an ion
sensor 785 described below detects a liquid media having
unacceptable quality. In the case of the unacceptable liquid
quality, the controller re-directs the liquid into and through
the priming outflow channel 766 of the priming subsystem.

[0117] In another aspect of operation, the unit 702 has an
output circuit with output flow channel 790 which includes an
output or delivery solenoid 792 which can be actuated by
either a switch on the touch screen, or an instrument actuation
switch such as a handswitch or footswitch. In order to actuate
the output solenoid 792, the controller 730 includes an algo-
rithm that requires that chamber 718 of vapor canister 716
reach an operating pressure set point and also can require that
a flow channel 800 in the conduit 705 (FIG. 19) or a flow
channel 802 in instrument 710 reach an operating tempera-
ture set point. The operating pressure set point can be any
pressure between 1 psi and 500 psi, and in various procedures,
optimal pressure or driving pressure has been found to be as
low at 5 psiand as high as 250 psi. In one embodiment, a purge
subsystem and controller algorithm is provided wherein the
purge solenoid 804 is activated when treatment has been
initiated and the output solenoid 792 has also been activated.
This can be a very short period of time for the valve to be
open, for example from 0.1 second to 5 seconds, resulting in
a high velocity purge to remove any residue condensate in the
flow channel 800 of the conduit 705 or flow channel 802 of the
instrument. The purge subsystem can be activated by the
switch on the touch screen 732.

[0118] As described above, the unit 702 has a collection
and cooling reservoir 780 that is configured to receive remain-
der liquid media from system operation, which can include
liquid from the prime system, from the purge system, from a
conduit sterilization system, from the bypass system, and
from extracted liquid from the working end 715 of an instru-
ment. The cooling system includes a heat exchanger and fans
as is known in the art to cool the liquid and upon sensing a
cooled temperature with a temperature sensor. The controller
730 is configured to open a discharge or drain solenoid 812 to
discharge the remainder liquid into the collection sac 765 (see
FIGS. 17A-19).

[0119] In one embodiment, the unit 702 includes a liquid
quality detection means for detecting water quality from
source 760 which can be an ion sensor indicated at 785 in FIG.
18A. The ion sensor comprises spaced apart electrodes that
sense a parameter of the liquid inflow such as impedance
and/or capacitance which is determinative of sterile water. If
the sensor detects impure water, the controller 730 can further
include an algorithm to run a prime cycle when a new liquid
source 760 is connected to the unit 702 to purge any impure
water from the system through the priming outflow channel
766. As described above, this remainder liquid is then
directed to the collection and cooling reservoir 780. A method
of the invention utilizes the sensor system to provide a read-
out of an ion level in the liquid media, and can include an
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algorithm that disables the system with a system lock-out that
requires a new liquid source to be connected to the system to
overcome the lock-out.

[0120] In another embodiment, the system includes a sta-
bility subsystem and circuit, wherein stability solenoids 814
and 816 can be used to actuate a heating system in flow
channel 800 in the conduit 705 and optionally the flow chan-
nel 802 in instrument 710 (FIG. 19). This system and method
reduces condensation in the output channels 790 to ensure
more accurate and consistent treatment dosimetry, particu-
larly at lower treatment durations. This system also helps
maintain sterilization of the delivery tube during the idle
phases of the system. The solenoids 814 and 816 also can be
energized by a switch on the touch screen 732 and can be
controlled to the temperature set point which is programmed
into the controller 730. In one embodiment, the stability sub-
system includes multiple temperature sensors, both at an
interior of the flow channel 800 and at an outer layer of the
structure surrounding the flow channel (see FIG. 20) to
thereby determine the heat capacity of the structure and losses
that may occur in the flow channel 800.

[0121] In another aspect of the invention, the unit 702 pro-
vides for a hot drain subsystem (FIG. 19). The drain or dis-
charge solenoid 812 is activated by switch on the touch screen
732 at the temperature set point and the pressure set point.
This subsystem can use the vapor pressure stored in the tank
to drive remainder liquid out the lower portion chamber 718
of canister 716. In operation, the hot drain subsystem is used
to remove liquid from the unit after use when the system is to
be shut down for any period of time. In use, the hot drain
subsystem causes the liquid to flow to the cooling reservoir
780 for cooling as described previously.

[0122] Inanother embodiment, the system provides a cold
drain subsystem (FIG. 19). In this embodiment, the cold drain
solenoid 818 is activated by a switch on the touch screen 732
which is enabled when pressure in the canister is low, for
example between 0 and 1 psi. In a cold shut-down, solenoid
820 and an associated air pump 822 is configured to provide
about 1 psi air through a 0.2 micron air filter 824 to the interior
chamber 718 of the canister wherein the sterile air pushes out
liquid to the collection reservoir and cooling system 780. A
cold shut-down can be required for example when there is a
power outage. In one embodiment, the air pump system 722
includes a battery back-up.

[0123] In general, one embodiment of the invention com-
prises a medical system for providing a therapeutic effect in a
subject that includes an instrument having a working end
configured for positioning in a subject, and a flow channel
extending through the instrument to an outlet in the working
end, a vapor source capable of providing a vapor tflow at the
outlet, and a controller operatively coupled to the vapor
source for controlling operational parameters wherein the
vapor source is capable of providing at least 60% water vapor,
at least 70% water vapor, at least 80% water vapor or at least
90% water vapor.

[0124] As described above, in one embodiment, the system
700 is configured with a number of subsystems that allow for
the production of high quality vapor. Thus, the controller 730
includes algorithms for controlling the system’s operations,
which include: (i) algorithms that control a treatment cycle
for delivering vapor media to the instrument and tissue; (ii)
algorithms that which control a modulation cycle for modu-
lating vapor media parameters in response to feedback signals
of pressure, temperature, and/or vapor tflow rates; (iii) algo-
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rithms that which control a pump cycle for pumping a liquid
media into the vapor source; (iv) algorithms that which con-
trol a sensing cycle for determining sterility of liquid media
prior to introduction; (v) algorithms that control a rejection
cycle for rejecting liquid media prior to introduction to the
vapor source; (vi) algorithms that control a priming cycle for
priming the pump to prevent air flow to the vapor source; (vii)
algorithms that control a purge cycle for eliminating conden-
sation in system channel portions and for maintaining system
readiness between multiple uses; (viii) algorithms that con-
trol a liquid level control cycle for maintaining a liquid vol-
ume in the vaporization source; (ix) algorithms that control a
cooling cycle for cooling remainder liquid media; (x) algo-
rithms that control a collecting cycle for collecting remainder
liquid media; (xi) algorithms that control a check cycle for
checking the system for leakage; (xii) algorithms that control
a stabilization cycle for evaluating stability of the vapor qual-
ity; (xiii) algorithms that control a sterilization cycle for ster-
ilizing a conduit for coupling the vapor source to an instru-
ment; (xiv) algorithms that control a shut-down cycle for hot
shut-down of the vapor source; (xv) algorithms that control a
cold shut-down of the vapor source; (xvi) algorithms that
control an emergency shut down cycle; (xvii) algorithms that
control a sterilization cycle for sterilizing the interior cham-
bers and channels of the system; and (xviii) algorithms that
control a drying cycle for drying the vapor source with sterile
air.

[0125] Other system embodiments include controller algo-
rithm adapted for other system functionality that may not be
directly related to vapor quality but nevertheless are directly
related to dosimety and treatment intervals, such as: (i) algo-
rithms that control an imaging cycle for actuating an imaging
system; (ii) algorithms that control a modulation cycle for
modulating vapor media parameters in response to imaging;
(iii) algorithms that control an injection cycle for injecting a
pharmacological agent through the instrument; (iv) algo-
rithms that control an injection cycle for injecting gas to alter
mass average vapor temperature; (v) algorithms that control
an aspiration cycle for aspirating media through the instru-
ment, (vi) algorithms that control an actuation cycle for actu-
ating a working end component; (vii) algorithms that control
an actuation cycle for actuating at least one heating system in
a flow channel in a working end, and (viii) algorithms that
control vapor media flow between multiple working end com-
ponents for controlling the geometry of treated tissue.

[0126] In one embodiment referring to FIG. 20, a medical
system as described above includes a sterilizable vapor deliv-
ery flex-tube or conduit 705 with an interior conduit flow
channel 800 configured to receive the vapor media from a
vapor source and transport the vapor media to instrument 710
with working end 715 configured for positioning at a targeted
site in a subject. The vapor source unit 702 includes connector
825 (FIG. 17A) that is configured for detachable connection
to proximal quick-lock connector 826 on conduit 705 which
in one embodiment is keyed with elements 828 to connect at
least first and second flow channels (not shown) in unit 702 to
a cooperating vapor flow channel 800 in the conduit 705 and
at least one other flow channel. The distal end of the conduit
830 has a distal quick-lock detachable connector 835 that is
configured for connection to cooperating connector 836 on an
instrument or probe 710 (FIG. 17A) having a vapor flow
channel 802 therein. In one embodiment, the conduit flow
channel 800 is configured for a looped flow from flow channel
800 to return channel 838, which is similar to the system of
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FIGS.14A-14Bto provide a sterilization circuit. In operation,
this looped flow functions as a passive valve as indicated in
FIGS. 19-20. The conduit 705 includes a distal outlet flow
channel 840 which delivers vapor to the vapor channel 802 in
instrument 710. The looped flow can be accomplished with
either concentric or laterally spaced apart channels. As can be
seen in FIGS. 19-20, the return flow channel 838 of the
conduit couples with a return channel 842 (FIG. 19) in the
unit 702 that leads to the cooling and remainder liquid col-
lection reservoir 780. In another embodiment, the looped flow
portion can be detachable (not shown) from the conduit 705
and can be disposable, wherein the conduit could then be
sterilizable by vapor flow though the inflow and outflow chan-
nels for a requisite time. Similarly, the looped flow portion or
a similar detachable member can be fitted to outlet fitting 825
on unit 702 to allow sterilization of the flow channels in the
interior of the unit 702.

[0127] Inone aspectofoperation relating to the cooling and
collection reservoir 780, a method for providing a therapeutic
effect comprises positioning a working end of an instrument
at a targeted site in a subject, actuating a vapor generator to
convert a flow of liquid media into a flow of vapor media,
introducing the flow of vapor media through a flow channel in
the instrument to an outlet in the working end thereby apply-
ing energy to the targeted site, and collecting remainder liquid
media in a disposable container in fluid communication with
the vapor generator and/or the instrument. The can include
cooling the remainder liquid media prior to the collecting
step. The method includes utilizing a controller 730 and con-
trol algorithm for controllably cooling the remainder liquid
media and opening a valve to allow collection of the remain-
der liquid. The method includes cooling the remainder liquid
media to less than 80° C., 70° C., 60° C. or 50° C. Further, the
method can include condensing remainder vapor media into
liquid media prior to the collecting step, collecting excess
liquid media from the vapor generator, collecting liquid
media following a sterilization cycle, collecting liquid media
following a vapor generator shut-down. Further, the method
can provide first and second control algorithms for control-
lably collecting cooled remainder liquid or heated remainder
liquid, respectively.

[0128] In one embodiment, the medical system provides
cooling and collection subsystem that includes a disposable
container 765 in communication the vapor generator and/or
instrument for receiving remainder liquid media, wherein the
container has a wall that is transparent or translucent and is
capable of withstanding liquid media temperatures of 70° C.,
80° C., 90° C. or 100° C. The disposable container 765 can
have a capacity of at least 250 ml, 500 ml or 1000 ml. In one
embodiment, the disposable container 765 has wall or wall
portion including a thermochromic material 848 for indicat-
ing a temperature of the contents (FIG. 17A).

[0129] In another aspect of the invention, the medical sys-
tem as described above provides a vapor media outflow chan-
nel 790 from the chamber 718 wherein the channel can have
aportions of the flow channel in the unit 702, the conduit 705
and the instrument 710. Referring to FIG. 21, a cross section
of'a flow channel 800 and surrounding structure or wall 850 is
shown in a component indicated at 852 which may be conduit
705 or any other part of the system. In one embodiment, the
structure includes a thin inner layer 854 around the flow
channel which is of a biocompatible fluid impermeable mate-
rial such as a polymer (Teflon®) or a metal such as stainless
steel. Flexible sleeves can include an electroless plating over

Jul. 17,2014

a polymer base to provide layer 854. Outward from the inner
layer 854 is an insulating layer 855 that can comprise a silica
aerogel, hollow glass microspheres, air channels or voids
having a partial vacuum, or any other insulation materials
known in the art. The exterior 858 of the wall 850 can be any
suitable layer, and can include a Nomex material. In one
embodiment, the insulative layer 855, or the inner layer 854
and insulting layer 855, or the entire wall 850, as described
above, can have a thermal conductivity of less than 0.05
W/mK, less than 0.01 W/mK or less than 0.005 W/mK. In
another aspect of the invention, the wall is configured with a
material around the channel having a heat capacity of less
than 2000 J/kgK. In one embodiment, there are no fittings,
surfaces or materials interfacing the flow channel 800 that
have a substantial heat capacity, thus preventing condensa-
tion. Alternatively, fittings and surfaces can be fitted with a
heating element.

[0130] In another aspect of the invention, the medical sys-
tem has a probe and/or conduit having a flow channel 800
extending therethrough from a first end to an open second
open, wherein a wall of the flow channel is configured to limit
energy losses in a water vapor flow between the first end and
the second end to less than 500 cal/gm. In another embodi-
ment, the wall is configured to limit the energy losses to less
than 250 cal/gm, less than 200 cal/gm, less than 150 cal/gm,
less than 100 cal/gm or less than 50 cal/gm.

[0131] In another aspect of the invention, the medical sys-
tem includes a probe and/or conduit having a flow channel
extending therethrough from a first end to an open second
open, wherein the wall of the flow channel configured with at
least one heating element 860 (FIG. 21) to limit energy losses
in a vapor flow between the first end and the second end. In
one embodiment, the wall is configured with at least one
resistive coil heater, an inductive coil for heating a wall layer
such as an magnetic-responsive electroless plating, a conduc-
tive and resistive polymer coupled to an electrical source, or
a polymer having a positive temperature coetficient of resis-
tance coupled to an electrical source. The probe member can
be rigid or flexible.

[0132] In another aspect of the invention, the medical sys-
tem provides a vapor source, a flow channel having a first end
in communication with the vapor source and a second open
end in an instrument working end, and structure surrounding
at least an intermediate portion of the flow channel between
the first end and the second end that is configured to limit
energy losses in a vapor flow to less than 50%, 40%, 30%,
20% or 10%. The length of the flow channel can greater than
50 mm, 100 mm, 200 mm or 500 mm. In another aspect, the
structure surrounding at least an intermediate portion of the
flow channel between the first end and the second end com-
prises a first surface layer and a second subsurface layer
having a substantially low heat capacity. For example, the
heat capacity is less than 2000 J/kgK. In one embodiment, an
interior layer of the wall comprises an aerogel.

[0133] Inamethod ofuse, the system can be used to treat a
targeted sites that is interstitial, topical or within at least one
of a body space, passageway, lumen, cavity, duct, vessel or
potential space. A method of the invention for to treating a
targeted sites that can be interstitial, intraluminal or topical
includes providing a vapor source consisting of a pump con-
figured for providing a flow of liquid media from a liquid
media source into a vaporization chamber having a heating
mechanism, actuating the pump to direct a liquid media flow
through an inflow channel between the liquid source and the
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pump, and applying energy from the heating mechanism to
convert a substantially water liquid media into vapor media
and controllably introducing said vapor into an interface with
tissue to cause the intended effect, wherein the vapor media is
atleast 60% water vapor, at least 70% water vapor, 80% water
vapor or at least 90% water vapor. The method includes
applying energy with media in which the percentage of water
vapor varies of less than 10% over 5 minutes, 10 minutes, 30
minutes, 60 minutes and 120 minutes. The ability of the
system to produce vapor without variation is critical for a
controlled dosimetry, which is needed for both interstitial
treatments, and treatments of a body lumen, cavity, passage-
way, vessel, conduit, space or potential space. In another
method, the system can be used to treat bone, for example to
ablate tumors in a bone, to ablate bone marrow, or to cause
surface coagulation and sealing of a bone.

[0134] Inanother method ofthe invention, a pharmacologi-
cal agent can be introduced into a targeted site prior to the
controlled introduction said vapor to the site. In one example,
an anti-inflammatory agent can be introduced through the
vapor probe prior to vapor delivery, such as in a lung or airway
treatment, a prostate treatment, a uterine treatment, a fibroid
treatment, an endovascular treatment or in any tumor abla-
tion. The method also can introduce the pharmacological
agent into a targeted site mixed with vapor media. The phar-
macological agent can be an anti-inflammatory agent, an
antibiotic or an anesthetic agent.

[0135] In another method of the invention, the medical
system includes a controller configured to control an opera-
tional parameter, which can include liquid media flow rate
into the interior chamber 718 for conversion to vapor, the
liquid media pressure, the liquid media temperature, the
vapor media flow rate which is created by the vaporization
parameters, the vapor quality as described above, the vapor
pressure in the working end and the vapor temperature at the
working end. In one embodiment, the system can have mul-
tiple heating systems, for example in FIGS. 18A, 18B, 19 and
22, the interior chamber 718 can be configured with a first
immersion heating system 865 and a second heating system
comprising lower band heating element 720a which allow for
rapid start-up of the system to operational parameters, for
example in less than 5 minutes, less than 4 minutes, less than
3 minutes or less than 2 minutes. As can be seen in FIG. 22,
the interior chamber 718 of canister 716 has a first lower
chamber portion 868 and second upper chamber portion 868'
which are separated by any suitable configuration of member
or baffle 870 with an open region between the lower and upper
chamber portions to allow upward vapor flow and downward
condensation flow, and can be at least one central opening
indicated at 872. In one embodiment, the upper chamber
portion 868' is configured with a third heating system or band
heater 72056 to maintain vapor in the upper chamber as the
vapor exits through outlet 880 into delivery tube 790. In
operation, the baffle 870 functions as a splash guard to pre-
vent boiling liquid from splashing into the upper chamber
while the at least one opening 872 cooperates with a sloped
surface 874 of the baftle to allow any condensation to drip
back into the lower chamber 868. As can be seen in the
schematic drawing of FIG. 22 and FIG. 21, the conduit 705
can be configured with a fourth heating system 860, and the
flow channel in an instrument 710 can be configured with a
similar or fifth heating system (see FIG. 21), all functioning in
accordance with controller 730 to maintain or enhance vapor
quality as the vapor flows from the chamber 718 to an outlet
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725 in working end 715. In one embodiment, the interior
chamber 718 includes a piezoelectric pressure sensor (not
shown) coupled to the controller 730.

[0136] In another method of the invention, the system
operator uses an imaging system to acquire images or other
data concerning a site targeted for energy delivery to thereby
derive at least one selected site treatment parameter, and from
this data determines energy dosimetry. Following this deter-
mination, the vapor media is introduced into the site wherein
the vapor media is configured to undergo a phase change to
thereby apply a predetermined energy dose to the site to
provide an intended effect. The derived site parameter can be
volume of tissue of the targeted site, for example in a prostate
treatment. Alternatively, the derived site parameter can be
surface area or cavity volume of the targeted site, for example
in a global endometrial ablation treatment. The derived site
parameter can be volume or weight of tissue of the targeted
site, for example in a prostate treatment, lung treatment, or
tumor treatment. In other related methods, the site parameter
can be at least one of the heat capacity of tissue of the targeted
site, the thermal diffusion characteristics of tissue of the tar-
geted site, the heat sink characteristics of tissue of the targeted
site, the fluid content or mobility within a targeted body
structure, the volume of any cavity of any targeted organ, the
cross section of a lumen of a vessel, the hydration of tissue of
the targeted site, the geometry of'the targeted site, or the blood
flow within the targeted site. The targeted site that can be
images can be any of the following: a sinus, a nasal passage-
way, an oral cavity, a blood vessel, an arteriovascular malfor-
mation, a heart, an airway, a lung, a bronchus, a bronchiole, a
collateral ventilation pathway in a lung, a larynx, a trachea, a
Eustachian tube, a uterus, a vaginal canal, a cervical canal, a
fallopian tube, an esophagus, a stomach, a duodenum, an
ileum, a colon, a rectum, a bladder, a urethra, a ureter, a vas
deferens, a kidney, a gall bladder, a pancreas, a bone, a joint
capsule, a tumor, a fibroid, a neoplastic mass, brain tissue,
skin, adipose tissue, an ovary, a cyst, aretina, a potential space
between body structures and a lower vapor-permeable region
adjacent a higher vapor-permeable region.

[0137] Inthe method described above, the imaging step can
be accomplished by at least one of ultrasound, x-ray, MRI,
PET and CAT scan, or thermal imaging system. The resulting
dose can be applied over an interval of at least 0.1 second, 1
second, 5 seconds, 10 seconds, 30 seconds, 60 seconds, 120
seconds and 240 seconds. The method and dose can apply
energy in the range of from 0.1 Watt to 1000 Watts. The
method of determining dosimetry can be performed indepen-
dent of the applying energy step. In another method, the
determining dosimetry step can be performed contemporane-
ous with the applying energy step. Also, the method can
include contemporaneous determination of dosimetry with
the imaging step which provides feedback to adjust dosim-
etry. In one method, vapor is introduced into a targeted site in
the subject wherein the vapor media is configured to undergo
a phase change thereby applying energy to provide an
intended effect, the targeted site is imaged contemporaneous
with applying energy, and the dose of applied energy is modu-
lated in response to data obtained from the imaging step. The
modulating step can include controlling the interval of apply-
ing energy, controlling the temperature of the vapor media,
controlling the pressure of the vapor media and controlling
the quality of the vapor media.

[0138] In one method, the a heat applicator is introduced
into a targeted site in the subject, and the targeted site is
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imaged with a microbolometer carried at a working end of the
heat applicator at least one of prior to, contemporaneous with,
or after applying energy and optionally modulating the dose
of applied energy in response to data obtained from the
microbolometer imaging step. The modulating step can be
based on a controller and algorithm, or based on an operator’s
visual assessment. The modulating step can be configured to
apply energy to maintain an average temperature, or to not
exceed a peak temperature, can compare pre-treatment tem-
perature to intraoperative temperature. The method can uti-
lize the microbolometer to produce an intraoperative thermo-
gram still image or video images of a body structure to
thereafter link to the controller for modulating energy appli-
cation. Thus, a device of the invention comprises an instru-
ment having a working end with a heat applicator and a
microbolometer chip carried by the working end. Further, the
working end is configured for positioning in a subject, and has
a flow channel extending through the instrument to an outlet
in the working end, and the heating mechanism is capable of
converting a liquid media into a vapor media in an interior
chamber of the system for introduction into the flow channel.
[0139] Although particular embodiments of the present
invention have been described above in detail, it will be
understood that this description is merely for purposes of
illustration and the above description of the invention is not
exhaustive. Specific features of the invention are shown in
some drawings and not in others, and this is for convenience
only and any feature may be combined with another in accor-
dance with the invention. A number of variations and alter-
natives will be apparent to one having ordinary skills in the
art. Such alternatives and variations are intended to be
included within the scope of the claims. Particular features
that are presented in dependent claims can be combined and
fall within the scope of the invention. The invention also
encompasses embodiments as if dependent claims were alter-
natively written in a multiple dependent claim format with
reference to other independent claims.
What is claimed is:
1. A vapor therapy probe for ablating endometrial tissue in
a uterus, comprising:
a probe body adapted to deliver a condensable vapor from
a vapor source through an inflow channel to the uterus;
a vapor exit port in a working end of the probe body; and
an expandable structure at the working end of the probe
body adapted to be expanded within at least a portion of
the uterus.
2. The probe of claim 1 wherein the vapor exit port is at a
distal end of the probe body.
3. The probe of claim 1 wherein the expandable structure is
disposed proximal to the vapor exit port.
4. The probe of claim 1 wherein the vapor exit port extends
through the probe body from the inflow channel.
5. The probe of claim 1 wherein the vapor exit port extends
through the expandable structure.
6. The probe of claim 1 further comprising a handle at a
proximal end of the probe body.
7. The probe of claim 1 wherein the expandable structure
comprises a balloon.
8. The probe of claim 1 wherein the probe further com-
prises an outflow passage.
9. A method of ablating an endometrium of a uterus, the
method comprising:
inserting a probe working end through a cervix into the
uterus, the probe comprising an expandable structure;
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expanding the expandable structure within the uterus;

after the expanding step, delivering vapor from a vapor

source to the uterus through the probe; and

condensing the vapor to thereby release heat of vaporiza-

tion to ablate at least portions of the endometrium.

10. The method of claim 9 further comprising maintaining
a pressure in the uterus between 0.1 psi and 6 psi.

11. The method of claim 9 wherein expanding the expand-
able structure comprises expanding the expandable structure
distal to a cervix of the uterus.

12. The method of claim 9 wherein the expandable struc-
ture is a balloon, and where expanding the expandable struc-
ture comprises the expanding the balloon.

13. The method of claim 9 wherein the delivering step
comprises delivering the vapor through the expandable struc-
ture.

14. The method of claim 9 wherein the vapor comprises
water vapor.

15. The method of claim 9 wherein the delivering step
comprises delivering the vapor to the uterus at a flow rate in a
range of 0.001 ml/min to 20 ml/min.

16. The method of claim 9 wherein the delivery step com-
prises delivering the vapor to the uterus at an inflow pressure
in a range of 0.5 psi to 1000 psi.

17. The method of claim 9 wherein the delivery step com-
prises delivering the vapor to the uterus for an interval in a
range of 0.1 seconds to 600 seconds.

18. A vapor therapy probe for ablating endometrial tissue in
a uterus, comprising

a probe body having a vapor inflow channel and

an expandable balloon disposed at a working end of the

probe body, the balloon being adapted to be expanded
within at least a portion of the uterus, the balloon com-
prising an interior chamber, the vapor inflow channel
being adapted to deliver condensable vapor from a vapor
source to the interior chamber, the probe body and bal-
loon being sized and configured to be inserted through a
cervix into the uterus.

19. The probe of claim 18 further comprising a handle at a
proximal end of the probe body.

20. The probe of claim 18 wherein the balloon further
comprises a vapor exit port communicating with the interior
chamber.

21. A method of ablating an endometrium of a uterus, the
method comprising:

inserting a probe working end through a cervix into the

uterus, the probe comprising a balloon;

expanding the balloon within the uterus;

after the expanding step, delivering vapor from a vapor

source to an interior chamber of the balloon; and
condensing the vapor to thereby release heat of vaporiza-
tion to ablate at least portions of the endometrium.

22. The method of claim 21 further comprising delivering
vapor from the interior chamber to the uterus through an exit
port in the balloon.

23. The method of claim 21 further comprising maintain-
ing a pressure in the uterus between 0.1 psi and 6 psi.

24. The method of claim 21 wherein the vapor comprises
water vapor.

25. The method of claim 21 wherein the delivering step
comprises delivering the vapor at a flow rate in a range of
0.001 ml/min to 20 ml/min.
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26. The method of claim 21 wherein the delivery step
comprises delivering the vapor at an inflow pressure in a
range of 0.5 psi to 1000 psi.

27. The method of claim 21 wherein the delivery step
comprises delivering the vapor for an interval in a range 0f 0.1
seconds to 600 seconds.
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