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METHOD FOR TREATING TISSUE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 12/258,145 filed Oct. 24, 2008, which is 
a continuation of U.S. patent application Ser. No. 10/830.372 
filed on Apr. 22, 2004, now U.S. Pat. No. 7,549.987, which 
claims the benefit of U.S. Provisional Application No. 
60/464,935 filed Apr. 22, 2003 and is a continuation-in-part of 
U.S. patent application Ser. No. 10/017,582 filed Dec. 7, 
2001, now U.S. Pat. No. 6,669,694, which claims benefit of 
Provisional U.S. Patent Application No. 60/254,487 filed 
Dec. 9, 2000. U.S. patent application Ser. No. 10/830,372 is 
also a continuation-in-part of U.S. patent application Ser. No. 
10/681,625 filed Oct. 7, 2003, now U.S. Pat. No. 7,674,259, 
which claims the benefit of Provisional U.S. Patent Applica 
tion No. 60/416,622. The contents of the above applications 
are incorporated herein by reference in theft entirety. 

BACKGROUND OF THE INVENTION 

0002 This invention relates to a novel surgical device 
scalable to small dimensions for thermally-mediated treat 
ments orthermoplastics of targeted tissue Volumes. An exem 
plar embodiment is adapted for fusing, Sealing or welding 
tissue. The instrument and technique utilizes electrical energy 
to instantly convert a biocompatible fluid media to a Super 
heated media, perhaps a gas media, within an electrically 
insulated instrument working end. The altered media is char 
acterized by a (i) a high heat content, and (ii) a high exit 
velocity from the working end, both of which characteristics 
are controlled to hydrate tissue and at the same time denature 
proteins to fuse, Seal, weld or cause any other thermally 
mediated treatment of an engaged tissue Volume—while 
causing limited collateral thermal damage and while totally 
eliminating electrical current flow the engaged tissue Volume. 
0003 Laser and Rf energy applications cause thermal 
effects in tissue based on different principles. In general, the 
non-linear or non-uniform characteristics of tissue affect both 
laser and Rifenergy distributions in tissue. For example, FIG. 
1A shows a typical pattern, of energy distribution and result 
ant thermal effects in a prioran laser irradiation of tissue. The 
cross-section of the energy emitter or emission is indicated at 
ee at the tissue interface wherein a fiber optic interfaces tissue 
of a light beam strikes the tissue. In the case of a suitable 
infrared laser emission, water m tissue comprises a chro 
mophore to absorb photonic energy resulting in a thermal 
effect. The turbidity of tissue scatters photons, and the result 
ing thermal effect is indicated by arbitrary isotherms 100, 80 
and 60 which for example indicate degrees in centigrade. 
FIG. 1A shows that tissue desiccation d at the surface will 
occur to prevent photon transmission after a certain interval of 
energy delivery. If the objective of the thermal therapy in FIG. 
1A were to seal or weld, tissue, which is assumed to require a 
threshold temperature of 80° C., it can be seen that deeper 
tissue indicated at b may not reach the threshold welding 
temperature before the tissue surface is desiccated. Further, it 
can be seen that collateral tissue indicated at c may be sealed 
or welded, even though Such tissue is collateral to the cross 
section of the energy emission ee. 
0004 FIG. 1B next shows a typical energy distribution 
pattern when using a prior art bi-polar Rf energy delivery. In 
this schematic illustration, the cross-section of the energy 
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emitter is again indicated at cc which defines the interface 
between a tissue surface and the electrodes 4a and 4b. As the 
electrodes are energized from an electrical source, the current 
flows are in constant flux and flow through random paths of 
least resistant between the electrodes. The tissue is elevated in 
temperature by it resistance to current flow, resulting typi 
cally in tissue desiccation or charring dat the electrode-tissue 
interface. When tissue in contact with the electrode is entirely 
desiccated, the current flow between the electrodes termi 
nates. As represented in FIG. 1B, thermal effects typically 
occur in regions of tissue (indicated at c) collateral to the 
targeted tissue between the electrodes. Further, the prior art 
Rf energy delivery of FIG. 1B causes stray Rf flow in collat 
eral tissues that may be undesirable. 
0005 What is needed is an instrument and technique (i) 
that can controllably deliver thermal energy to non-uniform 
tissue Volumes: (i) that can weld tissue without desiccation or 
charring of surface tissue layers; (iii) that can weld a targeted 
tissue Volume while preventing collateral thermal damage: 
and (iv) that does not cause stray Rfcurrent flow in tissue. 
0006. This invention additionally relates to the working 
end of a medical instrument that applies energy to tissue from 
a fluid within a microfluidic tissue-engaging Surface fabri 
cated by Soft lithography means together with optional Super 
lattice cooling means that allows for very precise control of 
energy application, for example in neuroSurgery applications. 
0007 Various types of radiofrequency (Rf) and laser sur 
gical instruments have been developed for delivering thermal 
energy to tissue, for example to cause hemostasis, to weld 
tissue or to causea thermoplastic remodeling of tissue. While 
such prior art forms of energy delivery work well for some 
applications, Rf and laser energy typically cannot cause 
highly “controlled' and “localized thermal effects that are 
desirable in microSurgeries or other precision Surgeries. In 
general, the non-linear or non-uniform characteristics of tis 
sue affect both laser and RI energy distributions in tissue. The 
objective of sealing or welding tissue requires means for 
elevating the tissue temperature uniformly throughout a tar 
geted site. 
0008 What is needed is an instrument and technique (i) 
that cart controllably deliver thermal energy to non-uniform 
tissue Volumes: (i) that can shrink, seal, weld or create lesions 
in selected tissue Volumes without desiccation or charring of 
adjacent tissues; (iii); and (iv) that does not cause stray elec 
trical current flow in tissue. 

BRIEF SUMMARY OF THE INVENTION 

0009. The present invention is adapted to provide novel 
systems and techniques capable of controlled thermal energy 
delivery to localized tissue Volumes, for example for sealing, 
welding or thermoplastic remodeling of tissue. Of particular 
interest, the system can create thermal welds or seals in a 
targeted tissue without the use of Rfcurrent flow through the 
patient’s body, which is typical in the prior art. The systems 
and techniques are particularly adapted for sealing or welding 
thick tissue and non-uniform tissue layers. The biological 
mechanisms underlying tissue fusion or welding are complex 
and is not fully understood Applications of laser and Rf 
energy can be used to elevate tissue temperatures to the level 
that causes denaturation of proteins, which is a first step in 
tissue fusion. The terms fuse, weld and seal are used inter 
changeably herein, which mean that a temperature-induced 
protein denaturation process causes such proteins (particu 
larly various types of collagen), water and other tissue con 
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stituents to meld into a proteinaceous amalgam. A form of 
thermal biological glue can occur at temperatures ranging 
from about 65° C. to 100°C. Upon the cooling of tissue and 
Subsequent healing of the treated tissue, the tissue is fused 
together or welded as the damaged proteins re-nature in a part 
of the body's wound healing, process. 
0010. The probe of the present invention has a working 
end that defines a tissue-contacting Surface with a plurality of 
media entrance ports. A fluid media source is fluidly coupled 
to the media entrance ports by a fluid channel. Fluid vapor 
ization comprising paired electrodes are carried within the 
channel for converting the fluid media from a first liquid state 
to a second gas state i.e., a flash vaporization means. The 
instrument and technique thus utilize electrical energy to 
convert the biocompatible fluid media to a Superheated gas 
media that has a high heat content that exits the ports at a high 
Velocity into the targeted tissue. 
0011. In a further embodiment of the invention, the tissue 
contacting Surface may carry components of a sensor System 
which together with a power controller can control the inter 
vals of electrical discharges during a thermotherapy. For 
example, feedback circuitry for measuring temperatures at 
one or more temperature sensors may be provided. The power 
controller can also modulate and control Voltage of the dis 
charge to alter media exit velocity, all in order to achieve for 
maintain) aparticular parameter Such as a particular tempera 
ture in tissue, an average of temperatures measured among 
multiple sensors, or a temperature profile (change in energy 
delivery over time). 
0012. The instrument and method of the invention advan 
tageously can cause thermal effects in tissue that do not rely 
applying an electrical field across the tissue to be treated, 
0013 The instrument and method of the invention advan 
tageously can cause thermal effects in tissue that do not rely 
delivering, high-intensity laser energy to the targeted tissue. 
0014. The instrument and method of the invention creates 
thermal effects in targeted tissue that without causing tissue 
desiccation or Surface carbonization common to electroSur 
gical modalities and laser irradiation modalities. 
0.015 The instrument and method of the invention advan 
tageously creates thermal effects in a targeted tissue Volume 
with substantially controlled lateral margins between the 
treated tissue and untreated tissue. 

0016. The instrument and method of the invention creates 
thermal effects in targeted tissues that caused Stray electrical 
current flow in the patient’s body. 
0017. The present invention is also adapted to provide 
improved methods of controlled thermal energy delivery to 
localized tissue Volumes, for example for sealing, welding or 
thermoplastic remodeling of tissue. Of particular interest, the 
method causes thermal effects in targeted tissue without the 
use of Rfcurrent flow through the patient’s body. 
0018. 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 said tissue site. The 
thermally-mediated therapy can be delivered to tissue by such 
vapor-to-liquid phase transitions, or “internal energy’ 
releases, about the working Surfaces of several types of instru 
ments for endoluminal treatments or for soft tissue thermo 
therapies. FIGS. 2A and 2B illustrate the phenomena of phase 
transitional releases of internal energies. Such internal energy 
involves energy on the molecular and atomic scale—and in 
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polyatomic gases is directly related to intermolecular attrac 
tive 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 gas 
eous and liquid phases that involve very large amounts of 
energy compared to specific heat. 
0019. It has been found that the controlled application of 
internal energies in an introduced media-tissue interaction 
Solves many of the Vexing problems associated with energy 
tissue interactions in Rf, laser and ultrasound modalities. The 
apparatus of the invention provides a fluid-carrying chamber 
in the interior of the device or working end. A source provides 
liquid media to the interior chamber wherein energy is 
applied to instantly vaporize the media. In the process of the 
liquid-to-vapor phase transition of a saline media in the inte 
rior of the working end, large amounts of energy are added to 
overcome the cohesive forces between molecules in the liq 
uid, and an additional amount of energy is requires to expand 
the liquid 1000+ percent (PAD) into a resulting vapor phase 
(see FIG. 2A). Conversely, m the vapor-to-liquid transition, 
Such energy will be released at the phase transitions at the 
targeted tissue interface. That is, the heat of vaporization is 
released in tissue when the media transitioning from gaseous 
phase to liquid phase wherein the random, 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 intermolecular attractive forces is 
transformed into therapeutic heat for a thermotherapy within 
a targeted body structure. Heat flow and work are both ways 
of transferring energy. 
0020. In FIG. 2A, the simplified visualization of internal 
enemy is useful for understanding phase transition phenom 
ena that involve internal energy transitions between liquid 
and vapor phases. If heat were added at a constant rate in FIG. 
2A (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. 
2A. Still referring to FIG. 2A, 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. 2A. The prior art modalities 
make no use of the phenomenon of phase transition energies 
as depicted in FIG. 2A. 
0021 FIG. 2B 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 within an interior chamber of an 
instrument’s working end. The initial, ascendant energy-me 
dia interaction delivers energy sufficient to achieve the heat of 
vaporization of a selected liquid media Such as saline within 
an interior of the instrument body. This aspect of the technol 
ogy requires an inventive energy source and controller— 
since energy application from the source to the selected media 
(Rf, laser, microwave, etc.) must be modulated between very 
large energy densities to initially surpass the latent heat of 
vaporization of the media within milliseconds, and possible 
Subsequentlesser energy densities for maintaining the media 
in its vapor phase. Additionally, the energy delivery system is 
coupled to a pressure control system for replenishing the 
selected liquid phase media at the required rate—and option 
ally for controlling propagation Velocity of the vapor phase 
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media from the working end Surface of the instrument. In use, 
the method of the invention comprises the controlled deposi 
tion of a large amount of energy—the heat of vaporization as 
in FIG. 2A—when the vapor-to-liquid phase transition is 
controlled at the vapor media-tissue interface. The vapor-to 
liquid phase transition can deposit as much as 580 cal/gram 
within the targeted tissue site to perform the thermal ablation. 
0022. This new ablation modality can utilize specialized 
instrument working ends for several cardiovascular therapies 
or soft tissue ablation treatments for tissue sealing, tissue 
shrinkage, tissue ablation, creation of lesions or Volumetric 
removal of tissue. In general, the instrument and method of 
the invention advantageously cause thermal ablations rapidly 
and efficiently compared to conventional Rf energy applica 
tion to tissue. 
0023. In one embodiment, the instrument of the invention 
provides a tissue engaging Surface of a polymeric body that 
carries microfluidic channels therein. The tissue-engaging 
Surfaces are fabricated by soft lithography means to provide 
the fluidic channels and optional conductive materials to 
function as electrodes. 
0024. In another embodiment, the instrument has a work 
ing end with a Superlattice cooling component that cooperates 
with the delivery of energy. For example, in neuroSurgery, the 
superlattice cooling can he used to allow a brief interval of 
thermal energy delivery to coagulate tissue followed, by prac 
tically instantaneous cooling and renaturing of proteins in the 
coagulated tissue to allowing sealing and to prevent the pos 
sibility of collateral thermal damage. At the same time, the 
cooling means insures that tissue will not stick to a jaw 
structure. In a preferred embodiment, the invention utilizes a 
thermoelectric cooling systemas disclosed by Rama Venkata 
subramanian et al. in U.S. patent application Ser. No. 10/265, 
409 (Published Application No. 2003.0099279 published 
May 29, 2003) titled Phonon-blocking, electron-transmitting 
low-dimensional structures, which is incorporated herein by 
reference. The cooling system is sometimes referred to as a 
PBETS device, an acronym relating to the title of the patent 
application. The inventors (Venkatasubramanian et at also 
disclosed related technologies in U.S. Pat. No. 6,300,150 
titled Thin-film Thermoelectric Device and Fabrication 
Method of same, which is incorporated herein by reference. 
0025. In another embodiment, the instrument provides a 
tissue engaging Surface with capillary dimension channels to 
draw a liquid into the channels wherein an energy emitter is 
used to eject vapor from the open ends of the capillaries. 
0026. The instrument and method of the invention advan 
tageously creates thermal effects in a targeted tissue Volume 
with substantially controlled lateral margins between the 
treated tissue and untreated tissue; 
0027. 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; 
0028. The instrument and method of the invention cause 
an energy-tissue interaction that is imageable with intraop 
erative ultrasound or MRI; 
0029. The instrument and method of the invention advan 
tageously cause thermal effects in tissue that do not rely 
applying an electrical field across the tissue to be treated; and 
0030 The instrument and method of the invention advan 
tageously creates thermal effects in a targeted tissue Volume 
with substantially controlled lateral margins between the 
treated tissue and untreated tissue. 
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0031 Additional advantages of the invention will be 
apparent from the following description, the accompanying 
drawings and the appended claims. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

0032 Various embodiments of the present invention will 
he discussed with reference to the appended drawings. These 
drawings depict only illustrative embodiments of the inven 
tion and are not to be considered limiting of its scope. 
0033 FIG. 1A is an illustration of a prior art laser-induced 
thermal weld effect in two approximated tissue layers. 
0034 FIG. 1B is an illustration of a prior art radiofre 
quency energy induced thermal weld effect in two approxi 
mated tissue layers. 
0035 FIG. 2A is a graphical depiction of the quantity of 
energy needed to achieve the heat of vaporization of water. 
0036 FIG.2B is a diagram of phase change energy release 
that underlies one method of the invention. 
0037 FIG. 3A is a perspective view of the working end of 
an exemplary Type “A” and/or “C” probe of the present inven 
tion with an openable-closeable tissue engaging structure in a 
first open position. 
0038 FIG. 3B is a perspective view similar to FIG. 3A 
probe of the present invention in a second closed position. 
0039 FIG. 4 is a cut-away view of the working end of 
FIGS 3A-3B. 
0040 FIGS.5A-5B are perspective views of the working 
end of FIG. 4 capturing an exemplary tissue volume, such as 
a polyp in a patient’s colon. 
0041 FIGS. 6A-6B are sectional schematic views of 
working end of FIG. 4 depicting, in sequence, the steps of a 
method of the present invention to seal or weld a targeted 
tissue volume, FIG. 6A is a sectional illustration of the deliv 
ery of fluid or liquid media to an interior channel or the 
working end, and FIG. 6B depicting an electrical discharge 
that causes a liquid-to-gas phase change or that induces flash 
vaporization of the contained fluid as well as the ejection of 
the vapor media or a Superheated gas into the targeted tissue 
to cause a thermal weld. 
0042 FIGS. 7A-7B are enlarged sectional views of aper 
tures of the working end of FIG. 4 depicting a passive com 
ponent of the present invention. 
0043 FIG. 8 is sectional views of an exemplary working 
end of a Type “B” probe of the present invention. 
0044 FIG. 9 is a greatly enlarged sectional view of the 
working end of FIG. 8 showing a microchannel structure and 
electrode arrangement carried therein. 
0045 FIG. 10 is a perspective view of an alternative work 
ing end of a Type “B” embodiment with the working surface 
and channeled structure carried in ajaw of a tissue-engaging 
instrument. 
0046 FIG. 11 is a perspective view of an alternative work 
ing end of the present invention. 
0047 FIG. 12 is a sectional view of the working end of 
FIG. 11 showing a microchannel structure. 
0048 FIG. 13 is a greatly enlarged sectional view of the 
microchannel structure of FIG. 12 depicting the electrode 
arrangement carried therein. 
0049 FIG. 14 is a schematic sectional view of an alterna 
tive working end with a helical electrode arrangement in the 
interior chamber. 
0050 FIG. 15 illustrates a method of the invention in 
treating a blood vessel disorder with the device of FIG. 14. 
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0051 FIG. 16 illustrates a probe-type medical instrument 
that carries a tissue-engaging Surface comprising a polymeric 
monolith with microfluidic interior channels that carry an 
energy-delivery fluid media. 
0052 FIG. 17 illustrates an enlarged view of the working 
end of the instrument of FIG. 16. 
0053 FIG. 18 is a view of a forceps-type instrument that 
carries a tissue-engaging Surface similar to that of FIGS. 16 
and 17 comprising a polymeric monolith with microfluidic 
channels for applying energy to tissue. 
0054 FIG. 19 is a greatly enlarged cut-away view of the 
tissue-engaging surface of FIGS. 17 and 18 with microfluidic 
interior channels that carry an energy-delivery vapor media 
adapted for release from outlets in the engagement Surface. 
0055 FIG. 20 is a cut-away view of an alternative tissue 
engaging surface similar to FIG. 19 with microfluidic interior 
channels that carry a flowing conductive liquid media for 
coupling energy to tissue in a bi-polar mode. 
0056 FIGS. 21A-21B illustrate the tissue-engaging sur 
face of FIG. 20 with electrical circuitry adapted to alter the 
polarity of groups offluidic channels that each carry a flowing 
conductive liquid media. 
0057 FIGS. 22A-22B are view of exemplary tissue-en 
gaging Surfaces that includes first Surface portions of a Super 
lattice cooling structure and second Surface portions of a 
thermal-energy emitter. 
0058 FIG. 23 is a view of a neurosurgery forceps jaw that 
includes a Superlattice cooling structure together with a bipo 
lar electrode. 

0059 FIG. 24 is a cut-away view of an alternative tissue 
engaging Surface having microfluidic channels that utilize a 
capillary effect to draw a liquid media into the channels 
wherein electrical energy causes a liquid-to-vapor conversion 
and ejection of the vapor media from the engagement Surface. 
0060 FIG. 25 illustrates a jaw structure that carries 
engagement Surfaces with Soft lithography microfabricated 
energy delivery surfaces of the invention together with very 
high pressure water jetting, means for transecting sealed tis 
SC. 

0061 FIG. 26 is a perspective view of an alternative work 
ing end of a Type "D' embodiment with a plurality of micro 
channeled structures in a catheter. 

0062 FIG. 27 is a perspective view of an alternative work 
ing end with apertures in the Surface of an expandable struc 
ture. 

0063 FIG. 28 is a cut-away view of the working end of a 
FIG. 27. 

0064 FIG. 29 is a plan view of an alternative working end 
with apertures in the Surface of a thin-film structure for engag 
ing, and collapsing in a body cavity. 
0065 FIG. 30A is a view of a method of fabricating the 
thin-film structure of FIG. 29. 

0066 FIG.30B is another view of a method of fabricating 
the thin-film structure of FIG. 29. 

0067 FIG.31 illustrates the thermotherapy method utiliz 
ing the thin-film structure of FIG. 29. 
0068 FIG. 32A is a plan view of an alternative working 
end. 
0069 FIG.32B depicts a greatly enlarged schematic view 
of the thin-film structure of FIG. 32A showing electrical 
energy delivery to conductive vapor media injected deep into 
a soft tissue Volume. 
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0070 FIG.33 is a schematic view of an alternative instru 
ment working end for sealing/transecting tissue with a jaw 
structure that carries a releasable weldable polymer clip of a 
bioresorbable composition. 
0071 FIG. 34A is a schematic view of the working end 
and polymer clip of FIG.33 depicting a first step in its method 
ofuse being clamped around a blood vessel and welded at the 
clips free ends. 
(0072 FIG.34B is a schematic view of the polymer clip of 
FIG. 34A depicting the next step in its method of use wherein 
a vapor media is ejected through the polymer clip to seal the 
tissue and shrink the polymer. 

DETAILED DESCRIPTION OF THE INVENTION 

(0073 1. Type “A” System for Tissue Fusion. 
(0074) Referring to FIGS. 3A-3B and FIG.4, the working 
end 10 of a Type “A” system 5 of the present invention is 
shown that is adapted for endoscopic procedures in which a 
tissue Volume t targeted for fusion (a thermoplasty) can be 
captured by a loop structure. The working end 10 comprises 
a body 11 of insulator material (see FIG. 4) coupled to the 
distal end of introducer member 12 extending along axis 15. 
In this exemplary embodiment, the working end 10 has a 
generally cylindrical cross-section and is made of any Suit 
able material Such as plastic, ceramic, glass, metal or a com 
bination thereof. The working end 10 is substantially small in 
diameter (e.g., 2 mm. to 5 mm.) and in this embodiment is 
coupled to an elongate flexible introducer member 12 to 
cooperate with a working channel in an endoscope. Alterna 
tively, the working end 10 may be coupled to a rigid shall 
member having a suitable 5 mm. to 10 mm. diameter to 
cooperate with a standard trocar sleeve for use in endoscopic 
procedures. A proximal handle portion 14 of the instrument 
indicated by the block diagram of FIG. 3A carries the various 
actuator mechanisms known in the art for actuating compo 
nents of the instrument. 
0075. In FIGS. 3A-3B and 4, it can be seen that the work 
ing end 10 carries an openable and closeable structure for 
capturing tissue between a first tissue-engaging Surface 20A 
and a second tissue-engaging Surface 20B. In this exemplary 
embodiment, the working end 10 and first tissue-engaging 
Surface 20A comprises a non-moving component indicated at 
22A that is defined by the exposed distal end of body 11 of 
working end 10. The second tissue-engaging Surface 20B is 
carded in a moving component that comprises a flexible loop 
structure indicated at 22B. 
0076. The second moving component or flexible loop 22B 

is actuatable by a slidable portion 24a of the loop that extends 
through a slot 25 in the working end to an actuator in the 
handle portion 14 as is known in the art (see FIG. 4). The other 
end 24b of the loop structure 22B is fixed in body 11. While 
such an in-line (or axial) flexible slidable member is preferred 
as the tissue-capturing mechanism for a small diameter flex 
ible catheter-type instrument, it should be appreciated that 
any openable and closable jaw structure known in the art falls 
within the scope of the invention, including forms of paired 
jaws with cam-Surface actuation or conventional pin-type 
hinges and actuator mechanisms. FIG. 3A illustrates the first 
and second tissue-engaging Surfaces 20A and 20B in a first 
spaced apart or open position. FIG. 3B show the first and 
second surfaces 20A and 20B moved toward a second closed 
position. 
0077. Now turning to the fluid-to-gas energy delivery 
means of the invention, referring to FIG.4, it can be seen that 
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the insulator or non-conductive body 11 of working end 10 
carries an interior chamber indicated at 30 communicating 
with lumen 33 that are adapted for delivery and transient 
confinement of a fluid media in that flows into the chamber 
30. The chamber 30 communicates via lumen 33 with a fluid 
media source 35that may be remote from the device, or a fluid 
reservoir (coupled to a remote pressure source) carried within 
introducer 12 or carried within a handle portion 14. The term 
fluid or flowable media, source 35 is defined to include a 
positive pressure inflow system which may be a syringe, an 
elevated remote fluid sac that relies on gravity, or any suitable 
pump-type pressure means known in the art. The fluid deliv 
ery lumen 33 transitions to chamber 30 at proximal end por 
tion34athereof. The distal end portion34b of chamber 30 has 
a reduced cross-section to (optionally) function as a jet or 
nozzle indicated at 38. 

0078. Of particular interest, still referring to FIG.4, paired 
electrode elements 40A and 40B with exposed surfaces and 
that are spaced apart in surface 42 of the interior fluid con 
finement chamber 30. In this exemplary embodiment, the 
electrode elements 40A and 40B comprise (i) circumferential 
exposed Surfaces of a conductive material (ii) positioned at 
opposing, proximal and distal ends of interior chamber 30. It 
should be appreciated that the method of the invention of may 
utilize any Suitable configuration of spaced apart electrodes 
about at least one confinement chamber 30 or lumen portion. 
For example, each electrode may be a singular projecting 
element that projects into the chamber. The exemplary 
embodiment of FIG. 4 shows an elongate chamber having an 
axial dimension indicated at a and diameter or cross-section 
indicated, at b. The axial dimension may range from about 0.1 
mm. to 20.0 mm. and may be singular or plural as described 
below. The diameterb may range from micron dimensions 
(e.g., 5 um) for miniaturized instruments to a larger dimen 
sion (e.g., 5.0 mm) for larger instruments for causing the 
thermally induced fluid-to-gas transformation required to 
cause the novel energy-tissue interaction of the invention. The 
electrodes are of any suitable material Such as aluminum, 
stainless Steel, nickel titanium, platinum, gold, or copper. 
Each electrode surface preferably has a toothed surface tex 
ture indicated at 43 that includes hatching, projecting ele 
ments or Surface asperities for better delivering high energy 
densities in the fluid proximate to the electrode. The electrical 
current to the working end 10 may be switched on and off by 
a foot pedal or any other Suitable means such as a Switch in 
handle 14. 

0079 FIG. 4 further shows that a preferred shape is 
formed into the tissue-engaging Surface 20A to better per 
form the method offusing tissue. As can be seen in FIGS. 3A 
and 4, the first tissue-engaging Surface 20A is generally con 
cave so as to be adapted to receive a greater tissue Volume in 
the central portion of Surface 20A. The second tissue engag 
ing surface 20B is flexible and naturally will be concave in the 
distal or opposite direction when tissue is engaged between 
surfaces 20A and 20B. This preferred shape structure allows 
for controllable compression of the thick targeted tissue vol 
umes t centrally exposed to the energy delivery means and 
helps prevent conductance of thermal effects to collateral 
tissue regions et (see FIG. 5B) and as will be described in 
greater detail below. 
0080 FIGS. 3A and 4 show that first tissue-engaging sur 
face 20A defines an open grid structure of apertures or pas 
sageways indicated at 45 that pass therethrough. The aper 
tures 45 may have any cross-sectional shape and linear or 
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angular route through Surface 20A with a sectional dimension 
c in this embodiment ranging upwards from micron dimen 
sions (e.g., 5um) to about 2.0 mm. in a large Surface 20A. The 
exemplary embodiment of FIG. 4 has an expanding cross 
section transition chamber 47 proximate to the aperture grid 
that transitions between the distal end 34b of chamber 30 and 
the apertures 45. However, it should be appreciated that such 
a transition chamber 47 is optional and the terminal portion of 
chamber 30 may directly exit into a plurality of passageways 
that each communicate with an aperture 45 in the grid of the 
first engaging Surface 20A. In a preferred embodiment, the 
second tissue-engaging Surface 20B defines (optionally) a 
arid of apertures indicated at 50 that pass through the loop 
22B. These apertures 50 may be any suitable dimension (cf. 
apertures 45) and are adapted to generally oppose the first 
tissue-engaging surface 20A when the surfaces 20A and 20B 
are in the second closed position, as shown in FIG. 3B. 
I0081. The electrodes 40A and 40B of working end 10 have 
opposing polarities and are coupled to electrical generator 55. 
FIG. 4 shows current-carrying wire leads 58a and 58b that are 
coupled to electrodes 40A and 40B and extend to electrical 
source 55 and controller 60. In a preferred embodiment of the 
invention, either tissue-engaging Surface optionally includes 
a sensor 62 (or sensor array) that is in contact with the targeted 
tissue surface (see FIG. 3A). Such a sensor, for example a 
thermocouple known in the art, can measure temperature at 
the Surface of the captured tissue. A thermocouple typically 
consists of paired dissimilar metals such as copper and con 
stantan that form a T-type thermocouple. The sensor is 
coupled to controller 60 by a lead (not shown) and can be used 
to modulate or terminate power delivery as will be described 
next in the method of the invention. 

I0082) Operation and use of the working end of FIGS. 
3A-3B and FIG. 4 in performing method of the invention can 
be briefly described as follows in an endoscopic polyp 
removal procedure. FIGS. 5A-5B show working end 10 car 
ried by an elongate catheter-type introducer member 12 and 
introduced through a working channel 70 of an endoscope 72 
to a working space. In this case, the tissue t targeted for fusing 
or sealing is a medial portion 78 of a polyp 80 in a colon 82. 
It can be easily understood that the slidable movement of the 
loop member 22B can capture the polyp 80 in the device as 
shown in FIG. 5B after being lassoed. The objective of the 
tissue treatment is to (i) seal the medial portion of the polyp 
with the present invention, and thereafter (ii) utilize a separate 
cutting instrument to cut through the fused or sealed portion; 
and then (iii) retrieve the excised polyp for biopsy purposes. 
I0083. Now turning to FIGS. 6A-6B, two sequential sche 
matic views of the working end engaging tissuet of the medial 
region of a polyp are provided to illustrate the energy-tissue 
interaction caused by the fluid-to-gas energy delivery means 
of the invention. FIG. 6A depicts an initial step of the method 
wherein the operator sends a signal to the controller 60 to 
delivery fluid media m (e.g., Sterile water or saline solution) 
through lumen 33 into chamber 30. FIG. 6B depicts the next 
step of the method wherein the controller delivers an intense 
discharge of electrical energy to the paired electrode elements 
40A and 40B within chamber 30 indicated by electric, arc or 
electric field ef. The electrical discharge causes explosive 
vaporization of fluid media in (FIG. 6A) into a gas media 
indicated at mi (FIG. 6B). The greatly increased volume of 
gas mediam' results in the gas being ejected from chamber 30 
at high velocity through apertures 45 of the surface 20A and 
into the targeted tissue t. The fluid-to-gas conversion caused 
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by the electrical discharge also heats the gas media m' to about 
100° C. to deliver thermal effects deeply into tissuet, or even 
through the targeted tissue t, as indicated graphically by the 
shaded regions of gas flow in FIG. 6B. Depending on the 
character of the introduced liquid media, the media can be 
altered from a first lesser temperature to a second greater 
temperature in the range of 85° to 115° C. It is believed that 
this form of gas mediam' (or steam) can uniformly elevate the 
temperature of the captured tissue to the desired range of 
about 65° C. to 100° C. very rapidly (i) to cause hydrothermal 
20 denaturation of proteins in the tissue, and (ii) to cause 
optimal fluid inter-mixing of tissue constituents that will 
result in an effective seal or weld. At the same time, as the heat 
of mediam' is absorbed by the water in the targeted tissue, the 
media m' converts back to a fluid (e.g., water) thus hydrating 
the targeted tissue t. It is believed that such protein denatur 
ation by hydrothermal effects differentiates this method of 
tissue fusion from all other forms of energy delivery, such as 
radiofrequency energy delivery. All other forms of energy 
delivery vaporize intra- and extracellular fluids and cause 
tissue desiccation, dehydration or charring which is undesir 
able for the intermixing of denatured tissue constituents into 
a proteinaceous amalgam. 
0084. The above electrical energy deliver step is repeated 
at a high repetition rate to cause a pulsed form of thermal 
energy delivery in the engaged tissue. The fluid media m 
inflow may be continuous or pulsed to substantially fill cham 
ber 30 before an electrical discharge is caused therein. The 
repetition rate of electrical discharges may be from about 1 
Hz to 1000 Hz. More preferably, the repetition rate is from 
about 10 Hz to 200 Hz. The selected repetition rate preferably 
provides an interval between electrical discharges that allows 
for thermal relaxation of tissue, that may range from about 10 
ms to 500 ms. The electrical source or voltage source 55 may 
provide a voltage ranging between about 100 volts and 10,000 
volts to cause instant vaporization of the volume of fluid 
media in captured between the electrode elements 40A and 
40B. After a selected time interval of such energy application 
to tissuet, that may range from about 1 second to 30 seconds, 
and preferably from about 5 to 20 seconds, the engaged tissue 
will be contain a core region in which the tissue constituents 
are denatured and intermixed under relatively high compres 
sion between surfaces 20A and 20B. Upon disengagement 
and cooling of the targeted tissue t, the treated tissue will be 
fused or welded. Over time, the body's wound healing 
response will reconstitute the treated tissue with an inter 
mixed collagenous Volume or scar-like tissue. 
0085. An optional method of controlling the repetition rate 
of electrical discharges comprises the measurement of elec 
trical characteristics of media m within the chamber 30 to 
insure that the chamber is filled with the fluid media at time of 
the electrical discharge. The electrical measurement then 
would send a control signal to the controller 60 to cause each 
electrical discharge. For example, the fluid media m can be 
provided with selected conductive compositions in Solution 
therein. The controller 60 then can send a weak electrical 
current between the paired electrodes 40A and 40B and there 
after sense the change in an impedance level between the 
electrodes as the chanter 30 is filled with fluid to generate the 
control signal. 
I0086 FIG. 6B further shows that the engaged tissue t of 
polyp 80 defines a medial portion that comprises the engaged 
tissue t and collateral tissue regions indicated at ct. It can be 
seen that the gas media m' will penetrate the medial engaged 
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tissuet of the polyp but will not penetrate the collateral tissue 
ct not engaged between the engaging, Surfaces 20A and 20B. 
Of particular interest, the collateral tissue regions et will thus 
not be elevated significantly in temperature and little collat 
eral thermal damage will result. This desired lack of collateral 
thermal damage is to be contrasted with radiofrequency (Rf) 
energy delivery between one of more electrodes engaging the 
targeted tissue, in which Rfcurrent will flow outwardly into 
and through the tissue regions ct and cause collateral thermal 
damage (see FIG. 1B). In the exemplary polyp removal pro 
cedure described herein, the inventions ability to limit col 
lateral thermal damage is important for two reasons. First, it 
is important to maintain the portion of the polyp to be resected 
in a non-desiccated condition since it will be biopsied. Sec 
ond, it is important to prevent thermal damage to the colon 
wall 94 at the base of the polyp 80, since any damage or 
perforation of the wall could result in serious complications. 
Still referring to FIG. 6B, it is estimated that temperature 
ranges will transition rapidly from a threshold level capable 
of denaturing proteins in the medial targeted tissue t, to Sub 
threshold levels in the collateral tissue et. In substantial part, 
the rapid temperature transition results from the transition 
between the compressed medial tissue t that in compressed 
between the engagement surfaces 20A and 20B and the col 
lateral tissue Volumes that are not engaged and compressed. It 
is the combination of tissue compression with the gas media 
induced elevation in temperature that can cause rapid dena 
turation of proteins in the targeted tissue t. The non-com 
pressed collateral tissue et will disperse any heat rapidly to 
limit collateral thermal damage. FIG. 6B further shows a 
resection liner along which the polyp can be transected with 
a separate instrument to leave a sealed margin at the base of 
the polyp that prevents any bleeding following the resection 
procedure. 

I0087. In another aspect of the method of the invention, the 
engaging Surfaces 20A and 20B can provide controllable 
tissue-compression means that will assist in the fusion of the 
engaged tissue volumet. Referring to FIGS. 7A-7B, by defin 
ing a selected scale of the cross-sectional dimensions c of the 
apertures 45 and 50 in the engaging surfaces 20A and 20B, the 
invention provides controllable tissue-compression means 
for maintaining the targeted tissue t under the approximate 
desired pressures for causing tissue fusion. The cross-sec 
tional dimension c is intended to represent a minimum side 
dimension of a rectangular aperture 45, or the diameter of a 
round aperture 50, as it is believed that the area of the aperture 
can be engineered to cooperate with a tissue surface S to 
optimize energy absorption. As can be seen in FIGS. 7A-7B, 
a targeted tissue volumet that is being treated or fused by the 
method of the invention is believed to undergo several stages 
in rapid succession. FIG. 7A shows a greatly enlarged sec 
tional view of the step of capturing the targeted tissue t 
between the first and second engaging surfaces 20A and 20B 
before thermal energy delivery. FIG. 7B next depicts the 
effect of hydrothermal energy delivery in which collagen and 
other proteins denature as well as hydration of the targeted 
site t. The denaturation of collagen causes the unwinding of 
its helical molecular structure and results in an expanded 
Volume of tissue. This protein denaturation and tissue hydra 
tion causes the tissue surfaces S to expand and Swell in the 
directions of arrows ar into apertures 45 and 50 as shown in 
FIG. 7B. The targeted tissue t is unable to swell in the direc 
tions of arrows ar' since the tissue is constrained by the side 
portions 95a and 95b of the working end 10 (see FIG. 4 and 
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FIG. 6A). By providing apertures in the engaging Surfaces 
20A and 20B of a selected dimension c, the tissue can be 
controllably allowed to swell or expand into the apertures 45 
and 50. It has been observed that overly high compression of 
tissues is adverse to creating effective tissue fusion, it is 
believed because such compression reduces the ability of 
denatured proteins and other tissue constituents to intermix 
and thereafter fuse uniformly upon healing. After a ramp 
down in temperature, the fused portion f of FIG. 7B will 
shrink from within the apertures 45. The invention provides 
tissue engaging Surfaces 20A and 20B that carry a grid of 
apertures having a selected cross-sectional dimension rang 
ing from about 0.2 mm to 2.0 mm for receiving swelled tissue, 
and more preferably from about 0.5 mm to 2.0 mm. Thus, the 
tissue-receiving apertures 45 and 50, by having selected 
dimensions that can act as a passive component of the inven 
tion to transiently receive Swelled tissue in the ramp-up in 
temperature and hydration to slightly reduce tissue compres 
Sion, and thereafter release the tissue in the ramp-down in 
temperature and Swelling. It should be appreciated that Such 
apertures or recessed portions of a selected dimension may be 
provided in the engaging Surface of any jaw structure (e.g., 
any Rf electrode jaw) for achieving the purpose of this 
method. 

I0088 2. Type “B” System for Tissue Fusion and Method 
of Making Working End. 
I0089 Referring to FIG. 8, a working end 210 of a Type 
“B” system 205 of the present invention is depicted. The 
fluid-to-gas energy delivery aspects of the Types “A” and “B” 
systems are similar with the exception that the Type “B” 
system provides a significantly reduced dimensions (or 
micronizanon) of the features of the working, end 210. More 
particularly, a source 35 of fluid media as described above is 
adapted to flow the media through the introducer body 211 
and thereafter into a microchannel body 215 that defines a 
plurality of fluid or gas passageways or microchannel por 
tions 230 (collectively). 
0090 The microchannel body 215 comprises a structure 
of an electrically insulative material that has a proximal layer 
portion 216, a medial layer portion 218 and a distal working 
surface 220A for interfacing the targeted tissue t. The plural 
ity of open passageways or microchannels 230 can be iden 
tified as extending through the proximal and medial portions 
216 and 218 and exiting the distal working surface 220A. 
Within the proximal portion 216 of the microchannel body 
215 is a first electrode element 240A that may be formed in a 
plate or layer 242A that intersects the passageways 230. Thus, 
each channels has a first electrode Surface 244a exposed 
therein. Similarly, the medial portion 218 of microchannel 
body 215 carries a second electrode element 240B that is 
formed in a layer 242B to provide a second electrode surface 
244b exposed in the microchannels 230. 
0091. This Type “B” working end and microchannel body 
215 can be fabricated in the following manners. The working 
surface 220A that carries the microchannel structure proxi 
mal thereto can be fabricated by the same processes as a 
micro-channel plate (MCP). The insulator material 245 of the 
working Surface may be glass, plastic, ceramic, a form of 
silicon or any other Suitable material. As an example of fab 
ricating the microchannels, a microchannel plate (MCP) is a 
device that is commercially available for photo-detection pur 
poses and may be adapted for use in the present invention. In 
an MCP, a tubular cladding glass is mechanically Supported in 
its bore by the insertion of a rod of etchable core glass to 

Jan. 30, 2014 

produce a potential microchannel. The assembly is then 
pulled through an oven and drawn down in diameter to pro 
duce it microchannel (after the core is etched away). A plu 
rality of Such drawn-down assemblies then are stacked and 
drawn down through the oven until a selected diameter is 
achieved for the core. Thereafter, the assembly is fused 
together and the cores are etched away leaving the micro 
channel structure. While commercially available MCP's typi 
cally may have channels or capillaries ranging from about 5 
um and 25um in diameter, for photo detection purposes, it can 
be seen that any suitable diameter of channels can be fabri 
cated by the above methods, and a preferred range is from 
about 0.2 um to 400 um in cross-section. More preferably, the 
range of cross sectional dimension is from about 1.0 um to 
200 lum. Another manner of fabricating the microchannel 
structure of the present invention is to use conventional semi 
conductor processing methods to create both the microchan 
nels and the electrode layers in an insulator material as is 
known in the art and in the MEMS field (microelectrical 
machining). 

0092. In FIG.9, an enlarged sectional view of a very small 
portion of the microchannel body 215 shows several micro 
channels 230 with open distal terminations 246a-246b in the 
working surface 220A. In any embodiment, the electrode 
layer indicated at 240A provides exposed surfaces 242a (col 
lectively) that interface in a proximal portion of the micro 
channels. Similarly, the electrode layer 240B provides 
exposed surfaces 242b (collectively) that interface in a distal 
portion of the microchannels. It can be easily understood that 
for testing purposes, two MCP's can be sandwiched together 
to comprise the desired structure with a layer of insulator 
material 245 at the tissue engaging surface 220A. The distal 
electrode surface may be removed. Thus, the distal electrode 
exposed surfaces 242b are spaced inwardly or proximal from 
the distal most working surface 220A a selected dimension 
that ranges from about 5um to 500 um, in general varying in 
dimension in direct proportion with the cross-section of the 
channel and the voltage levels used. In other words, the elec 
trode exposed surfaces 242b have a covering layer of insula 
tor material 245 that prevents direct contact of any electrode 
with tissue in contact with the surface 220A. The method of 
using the Type “B” embodiment is substantially the same as 
the previously described to deliver a Superheated gas media 
into targeted tissue, and need not be repeated. It can be easily 
understood that microchannel bodies 215 of the type shown in 
FIGS. 9-10 can be provided in one or both laws of any type of 
tissue-engaging instrument. 
0093 Such a Type “B” channeled structure in a working 
end also can be carried in the sidewall of a catheter that is from 
1.0 to 3.0 mm in diameter (not limiting). The microchannel 
structure would be oriented so that the heated fluid media is 
ejected transverse to the axis of the catheter. The targeted 
tissue t may be myocardium or other cardiac tissue in which 
it is desirable to create a linear weld, fusion or ablation in the 
tissue to alter electrical signal transmission in a treatment for 
atrial fibrillation as is known in the art. It is postulated that the 
method of the invention can create the desired elongate linear 
thermal effect in the targeted tissue with greater control over 
(i) the lateral margins of the treatment path, and (ii) the depth 
of treatment, when compared to prior an radiofrequency 
devices that deliver Rf energy that courses through the tissue 
in an unpredictable manner. A catheter may have with an 
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optional expandable balloon for engaging an opposing wall of 
a cardiac structure to press the working Surface against the 
targeted tissue t. 
0094 AType “B” working end also may be used in ortho 
pedic procedures to cause hydrothermal shrinkage of col 
lagen, for example in a spinal disc, or a joint capsule to 
stabilize the joint (see co-pending U.S. patent application Ser. 
No. 09/049,711 filed Mar. 27, 1998, incorporated herein by 
this reference). For example, the working end may be painted 
across a targeted tissue site in a joint capsule to shrink: tissue. 
The working end maybe stabilized against any collagenous 
tissue to heat and shrink.: collagen in a targeted tissue Such as 
a herniated disc. 
0095. The thermal energy delivery means of the invention 
preferably uses an electrical energy source for flash vaporiza 
tion of a liquid media. It should be appreciated that an infrared 
laser source could be used to vaporize water or other lasers 
could be used to vaporize any other suitable fluid seeded with 
an absorbing biocompatible chromophore known in the art, 
and these embodiments fall within the scope of the invention. 
0096. It should be appreciated that the present invention 
has been described in detail in a particular embodiment suited 
for fusing or sealing a medial portion of a polyp prior to its 
resection. A similar working, end may be used for capturing 
and fusing or sealing various other anatomic structures or 
tissue Volumes in an endoscopic or open Surgery. The work 
ing end of the instrument may be adapted to an open and 
closeable jaw structure to capture tissue as shown in FIG. 10, 
rather than a "loop” to lasso tissue as in FIGS.5A-5B. 
0097 3. Type “C” Thermotherapy Instrument. 
0098 Referring to FIGS. 3A, 3B and 4, the working end 
10 of alternatively a Type “C” system 5 of an embodiment of 
the present invention is shown that is adapted for endoscopic 
procedures in which a tissue Volume T targeted for treatment 
(a thermoplasty) can be captured by a loop structure. The 
working end 10 comprises a body 11 of insulator material (see 
FIG. 4) coupled to the distal end of introducer member 12 
extending along axis 15. In this exemplary embodiment, the 
working end 10 has a generally cylindrical cross-section and 
is made of any suitable material Such as plastic, ceramic, 
glass, metal or a combination thereof. The working end 10 is 
Substantially small in diameter (e.g., 2 mm to 5 mm) and in 
this embodiment is coupled to an elongate flexible introducer 
member 12 to cooperate with a working channel in an endo 
scope. Alternatively, the working end 10 may be coupled to a 
rigid shaft member having a suitable 1 mm to 5 mm or larger 
diameter to cooperate with a trocar sleeve for use in endo 
scopic or microSurgical procedures. A proximal handle por 
tion 14 of the instillment indicated by the block diagram of 
FIG. 3A carries the various actuator mechanisms known in 
the art for actuating components of the instrument. 
0099. In FIGS. 3A, 3B and 4, it can be seen that the 
working end 10 carries an openable and closeable structure 
for capturing tissue between a first tissue-engaging Surface 
20A and a second tissue-engaging Surface 20B. In this exem 
plary embodiment, the working end 10 and first tissue-engag 
ing Surface 20A comprises a non-moving component indi 
cated at 22A that is defined by the exposed distal end of body 
11 of working end 10. The second tissue-engaging Surface 
20B is carried in a moving component that comprises a flex 
ible loop structure indicated at 22B. 
0100. The second moving component or flexible loop 22B 

is actuatable by a slidable portion 24a of the loop that extends 
through a slot 25 in the working, end to an actuator in the 
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handle portion 14 as is known in the art (see FIG. 4). The other 
end 24b of the loop structure 22B is fixed in body 11. While 
such an in-line (or axial) flexible slidable member is preferred 
as the tissue-capturing mechanism for a small diameter flex 
ible catheter-type instrument, it should be appreciated that 
any openable and closable jaw structure known in the art falls 
within the scope of the invention, including forms of paired 
jaws with cam-Surface actuation or conventional pin-type 
hinges and actuator mechanisms. FIG. 3A illustrates the first 
and second tissue-engaging Surfaces 20A and 20B in a first 
spaced apart or open position. FIG. 3B shows the first and 
second surfaces 20A and 20B moved toward a second closed 
position. 
0101. Now turning to the fluid-to-gas energy delivery 
means of the invention, referring to FIG.4, it can be seen that 
the insulated or non-conductive body 11 of working, end 10 
carries an interior chamber indicated at 30 communicating 
with lumen 33 that are together adapted for delivery and 
transient confinement of a fluid media M that flows into 
chamber 30. The chamber 30 communicates via lumen 33 
with a fluid media source 35 that may be remote from the 
device, or a fluid reservoir (coupled to a remote pressure 
source) carried within introducer 12 or carried within a 
handle portion 14. The term fluid or flowable media source 35 
is defined to include, a positive pressure inflow system which 
may be a syringe, an elevated remote fluid sac that relies on 
gravity, or any suitable pump-type pressure means known in 
the art. The fluid delivery lumen 33 transitions to chamber 30 
at proximal end portion 34a thereof. The distal end portion 
34b of chamber 30 has a reduced cross-section to (optionally) 
function as a jet or nozzle indicated at 38. 
0102) Of particular interest, still referring to FIG.4, paired 
electrode elements 40A and 40B with exposed surfaces and 
that are spaced apart in surface 42 of the interior fluid con 
finement chamber 30. In this exemplary embodiment, the 
electrode elements 40A and 40B comprise circumferential 
exposed Surfaces of a conductive material positioned at 
opposing proximal and distal ends of interior chamber 30. It 
should be appreciated that the method of the invention of may 
utilize any Suitable configuration of spaced apart electrodes 
(e.g., spaces apart helical electrode elements or porous elec 
trodes) about at least one confinement chamber 30 or lumen 
portion. Alternatively, each electrode can be a singular pro 
jecting element that projects into the chamber. The exemplary 
embodiment of FIG. 4 shows an elongate chamber having an 
axial dimension indicated at A and diameter or cross-section 
indicated at B. The axial dimension may range from about 0.1 
mm to 20.0 mm and may be singular or plural as described 
below. The diameter B may range from micron dimensions 
(e.g., 0.5um) for miniaturized instruments to a larger dimen 
sion (e.g., 5.0 mm) for larger instruments for causing the 
thermally induced fluid-to-gas transformation required to 
enable the novel phase change energy-tissue interaction of the 
invention. The electrodes are of any suitable material such as 
aluminum, stainless Steel, nickel titanium, platinum, gold, or 
copper. Each electrode surface preferably has a toothed sur 
face texture indicated at 43 that includes hatching, projecting 
elements or surface asperities for better delivering high 
energy densities in the fluid proximate to the electrode. The 
electrical current to the working end 10 may be switched on 
and off by a foot pedal or any other Suitable means such as a 
switch in handle 14. 

0103 FIG. 4 further shows that a preferred shape is 
formed into the tissue-engaging Surface 20A to better per 
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form the method of fusing tissue. As can be seen in FIGS. 3B 
and 4, the first tissue-engaging Surface 20A is generally con 
cave so as to be adapted to receive a greater tissue Volume in 
the central portion of Surface 20A. The second tissue-engag 
ing surface 20B is flexible and naturally will be concave in the 
distal or opposite direction when tissue is engaged between 
surfaces 20A and 20B. This preferred shape structure allows 
for controllable compression of the thick targeted tissue vol 
umes T centrally exposed to the energy delivery means and 
helps prevent conductance of thermal effects to collateral 
tissue regions CT (see FIG. 5B) and as will be described in 
greater detail below. 
0104 FIGS. 3A and 4 show that first tissue-engaging sur 
face 20A defines an open structure of at least one aperture or 
passageway indicated at 45 that allows vapor pass there 
through. Theapertures 45 may have any cross-sectional shape 
and linear or angular route through surface 20A with a sec 
tional dimension C in this embodiment ranging upwards from 
micron dimensions (e.g., 0.5um) to about 2.0 mm in a large 
surface 20A. The exemplary embodiment of FIG. 4 has an 
expanding cross-section transition chamber 47 proximate to 
the aperture grid that transitions between the distal end 34b of 
chamber 30 and the apertures 45. However, it should be 
appreciated that such a transition chamber 47 is optional and 
the terminal portion of chamber 30 may directly exit into a 
plurality of passageways that each communicate with an 
aperture 45 in the grid of the first engaging Surface 20A. In a 
preferred embodiment, the second tissue-engaging Surface 
20B defines (optionally) a grid of apertures indicated at 50 
that pass through the loop 22B. These apertures 50 may be 
any suitable dimension (cf. apertures 45) and are adapted to 
generally oppose the first tissue-engaging Surface 20A when 
the surfaces 20A and 20B are in the second dosed position, as 
shown in FIG. 3B. 

0105. The electrodes 40A and 40B of working end 10 have 
opposing polarities and are coupled to electrical generator 55. 
FIG. 4 shows current-carrying wire leads 58a and 58b that are 
coupled to electrodes 40A and 40B and extend to electrical 
source 55 and controller 60. In a preferred embodiment of the 
invention, either tissue-engaging Surface optionally includes 
a sensor 62 (or sensor array) that is in contact with the targeted 
tissue surface (see FIG. 3A). Such a sensor, for example a 
thermocouple known in the art, can measure temperature at 
the surface of the captured tissue. The sensor is coupled to 
controller 60 by a lead not shown) and can be used to modu 
late or terminate power delivery as will be described, next in 
the method of the invention. 

0106 Operation and use of the working end of FIGS. 3A, 
3B and 4 in performing a method of treating tissue can be 
briefly described as follows, for example in an endoscopic 
polyp removal procedure. As can be understood from FIG. 
5B, the working end 10 is carried by an elongate catheter-type 
member 12 that is introduced through a working channel 70 
of an endoscope 72 to a working space. In this case, the tissue 
I targeted for sealing is a medial portion 78 of a polyp 80 in a 
colon 82. It can be easily understood that the slidable move 
ment of the loop member 22B can capture the polyp 80 in the 
device as shown in FIG. 5B after being lassoed. The objective 
of the tissue treatment is to seal the medial portion of the 
polyp with the inventive thermotherapy. Thereafter, utilize a 
separate cutting instrument is used to cut through the sealed 
portion, and the excised polyp is retrieved for biopsy pur 
poses. 
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0107 Now turning to FIGS. 6A and 6B, two sequential 
schematic views of the working end engaging tissue T are 
provided to illustrate the energy-tissue interaction caused by 
the method of the invention. FIG. 6A depicts an initial step of 
the method wherein the operator sends a signal to the con 
troller 60 to delivery fluid media M (e.g., saline solution or 
sterile water) through lumen 33 into chamber 30. FIG. 6B 
depicts the next step of the method wherein the controller 
delivers an intense discharge of electrical energy to the paired 
electrode elements 40A and 40B within chamber 30 indicated 
by electric arc or electric field EF. The electrical discharge 
provides energy exceeding the heat of vaporization of the 
contained fluid volume. The explosive vaporization of fluid 
media M (of FIG. 6A) into a vapor or gas media is indicated 
at M' in FIG. 6B. The greatly increased volume of gas media 
M' results in the gas being ejected from chamber 30 at high 
velocity through apertures 45 of surface 20A into the targeted 
tissue T. The liquid to gas conversion caused by the electrical 
discharge also heats the gas media M to about 100' C. to 
deliver thermal effects into tissue T, or even through the 
targeted tissue T, as indicated graphically by the shaded 
regions of gas flow in FIG. 6B. The fluid source and its 
pressure or pump mechanism can provide any desired level of 
vapor ejection pressure. Depending on the character of the 
introduced liquid media, the media is altered from a first 
lesser temperature to a second greater temperature in the 
range of 100° C. or higher depending, on pressure. The ejec 
tion of vapor media M will uniformly elevate the temperature 
of the engaged tissue to the desired range of about 65° C. to 
100° C. very rapidly to cause hydrothermal denaturation of 
proteins in the tissue, and to cause optimal fluid intermixing 
of tissue constituents that will result in an effective seal. In 
effect, the vapor-to-liquid phase transition of the ejected 
media M will deposit heat equal to the heat of vaporization in 
the tissue. At the same time, as the heat of vaporization of 
media M is absorbed by water in the targeted tissue, the 
media converts back to a liquid thus hydrating the targeted 
tissue T.It is believed that such protein denaturation by hydro 
thermal effects differentiates this method of tissue sealing or 
fusion from all other forms of energy delivery, such as radiof 
requency energy delivery. All other forms of energy delivery 
vaporize intra- and extracellular fluids and cause tissue des 
iccation, dehydration or charring which is undesirable for the 
intermixing of denatured tissue constituents into a proteina 
ceous amalgam. 
0108. The above electrical energy deliver step is repeated 
at a high repetition rate to cause a pulsed form of thermal 
energy delivery in the engaged tissue. The fluid media M 
inflow may be continuous or pulsed to substantially fill cham 
ber 30 before an electrical discharge is caused therein. The 
repetition rate of electrical discharges may be from about 1 
Hz to 1000 Hz. More preferably, the repetition rate is from 
about 10Hz to 200 Hz. The selected repetition rate preferably 
provides an interval between electrical discharges that allows 
for thermal relaxation of tissue, that may range from about 10 
ms to 500 ms. The electrical source or voltage source 55 may 
provide a voltage ranging between about 100 volts and 10,000 
volts to cause instant vaporization of the volume of fluid 
media M captured between the electrode elements 40A and 
40B. After a selected time interval of such energy application 
to tissue T, that may range from about 1 second to 30 seconds, 
and preferably from about 5 to 20 seconds, the engaged tissue 
will be contain a core region in which the tissue constituents 
are denatured and intermixed under relatively high compres 
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sion between surfaces 20A and 20B. Upon disengagement 
and cooling of the targeted tissue T, the treated tissue will be 
fused or welded. Over time, the body's wound healing 
response will reconstitute the treated tissue with an inter 
mixed collagenous Volume or scar-like tissue. 
0109 An optional method of control hug the repetition 
rate of electrical discharges comprises the measurement of 
electrical characteristics of media M within the chamber 30 to 
insure that the chamber is filled with the fluid media at time of 
the electrical discharge. The electrical measurement then 
would send a control signal to the controller 60 to cause each 
electrical discharge. For example, the liquid media M can be 
provided with selected conductive compositions in Solution 
therein. The controller 60 then can send a weak electrical 
current between the paired electrodes 40A and 40B and there 
after sense the change in an impedance level between the 
electrodes as the chamber 30 is filled with fluid to generate the 
control signal. 
0110 Referring to FIG. 11, a working end 210 of an alter 
native instrument 205 of the present invention is depicted. 
The phase transitional energy delivery aspects of the inven 
tion are the same as described above. The instrument 205 
differs in that it utilizes significantly reduced dimensions (or 
micronization) of features in the working end 210. More 
particularly, a fluid media source 235A and pressure control 
system 235B are adapted to provide pressurized flows of 
liquid media M through the introducer body 211 and there 
after into microchannel body or structure indicated at 215 
(see FIG. 12). The microchannel or microporous body defines 
therein plurality of Small diameter fluid passageways or 
microchannel portions 216 (collectively). The microchannel 
body 215 also can be a microporous trabecular material to 
provide open-cell flow passageways therethrough. 
0111. In FIG. 12, it can be seen that the microchannel body 
215 comprises a structure of an electrically insulative mate 
rial (or a conductive material with an insulative coating) that 
defines open flow passageways or channels 216 therethrough 
that have open terminations or ports 218 in the working, 
surface 220. At an interior of the microchannel body 215, an 
intermediate region of the open flow channels 216 is exposed 
to first and second electrode elements 240A and 240B. The 
electrode elements 240A and 240B can be formed in a plates 
or layers of channeled material or trabecular material that 
extends transverse to passageways 216. Thus, the channels 
are exposed to surfaces of the electrode elements 240A and 
240B interior of the working surface 220 that interfaces with 
the targeted tissue T. As depicted in FIG. 13, electrical energy 
is applied between the electrodes to cause vaporization of the 
inflowing liquid media M which is converted to a vapor media 
M' within the interior of the channels 216 forejection from the 
working surface 220 to interact with tissue as described 
above. 

0112 A working end similar to that of FIGS. 11-12 can be 
used in various thermotherapy procedures. For example, a 
rigid probe can be used in orthopedic procedures to cause 
hydrothermal shrinkage of collagen, for example in a spinal 
disc, or a joint capsule to stabilize the joint (see U.S. patent 
application Ser. No. 09/049,711 filed Mar. 27, 1998, incorpo 
rated herein by this reference). In an arthroscopic procedure, 
the working end is painted across a targeted tissue site in a 
joint capsule to shrink tissue. In another procedure, the work 
ing end may be stabilized against any collagenous tissue to 
heat and shrink collagen in a targeted tissue Such as a herni 
ated disc. In another procedure, the working end can be 
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painted across the Surface of a patient's esophagus to ablate 
abnormal cells to treat a disorder known as Barrett's esopha 
gus. As described previously, the thermal energy delivery 
means of the invention preferably uses an electrical energy 
Source and spaced apart electrodes for flash vaporization of a 
liquid media. It should be appreciated that a resistive element 
coupled to an electrical source also can be used. For example, 
a resistive element can fabricated out of any suitable material 
Such a tungsten alloy in a helical, tubular or a microporous 
form that allows fluid flow therethrough. 
0113 Now referring to FIGS. 14 and 15, another embodi 
ment of instrument working end 300 is shown in schematic 
sectional view. The previous devices were shown and opti 
mized for having a working Surface that engages tissue, and 
for controlling and limiting thermal effects in engaged tissue. 
In the embodiment of FIG. 14, the working end is adapted for 
controlled application of energy by means of phase change 
energy release in an endovascular application, or in media 
within or about other body lumens, ducts and the like. 
0114 FIG. 14 illustrates the working end 300 of a member 
or catheter body 305 that is dimensioned for introduction into 
a patient’s vasculature or other body lumen. The diameter of 
body 305 can range from about 1 Fr. to 6 Fr. or more. The 
working end 300 typically is carried at the distal end of a 
flexible catheter but may also be carded at the distal end of a 
more rigid introducer member. In a rigid member, the work 
ing end also can be sharp for penetrating into any soft tissue 
(e.g. a fibroid, breast lesion or other organ Such as a prostate) 
or into the lumen of a vessel. 

0115 The working end 300 of FIG. 14 has an interior 
chamber 310 again in communication with fluid media inflow 
source 335A and pressure control system 335B. The interior 
chamber 310 carries opposing polarity electrodes 315A and 
315B as thermal energy emitters. The distal terminus or work 
ing surface 320 of the catheter has media entrance port 322 
therein, hi this embodiment, the electrodes 315A and 315B 
are spaced apart, indicated with (+) and (-) polarities coupled 
to electrical source 355, and are of a flexible material and 
configured in an intertwined helical configuration to provide 
a Substantially large Surface area for exposure to inflowing 
fluid media M. The electrodes can extend axially from about 
1 mm to 50 mm and are spaced well inward, for example from 
1 mm to 100 mm from the distal working surface 320. This 
type of electrode arrangement will enhance energy delivery to 
the liquid media M to allow effective continuous vaporization 
thereof. The lumen or chamber portion between electrodes 
315A and 315B allows for focused energy application to 
create the desired energy density in the inflowing media M to 
cause its immediate vaporization. The vapor is then propa 
gated from the working surface 320 via port 322 to interact 
with the endoluminal media. It should be appreciated that the 
instrument may have a plurality of media entrance ports 322 
in the working surface, or additionally the radially outward 
surfaces of the catheter. 

0116. In the system embodiment of FIG. 14, the electrodes 
315A and 315B are coupled to electrical source 355 by leads 
356a and 356b. The working end 300 also is coupled to fluid 
media source 335A that carries pressurization means of any 
Suitable type together with a pressure control system indi 
cated at 335B. 

0117. In FIG. 15, the method of the invention is shown 
graphically wherein the distal end 300 is introduced into 
vasculature for the purpose of creating thermal effects in the 
vessel walls 360. In one targeted endovascular procedure, as 
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depicted in FIG. 15, the objective is to apply controlled ther 
mal energy to tissue to shrink and/or damage vessel walls to 
treat varicose veins. Most endothelial-lined structures of the 
body, Such as blood, Vessel and other ducts, have substantially 
collagen cores for specific functional purposes. Intermolecu 
lar cross-links provide collagen connective tissue with unique 
physical properties such as high tensile strength and Substan 
tial elasticity. A well-recognized property of collagen relates 
to the shrinkage of collagen fibers when elevated in tempera 
ture to the range 60° to 80°C. Temperature elevation ruptures 
the collagen ultrastructural stabilizing cross-links, and results 
in immediate contraction in the fibers to about one-third of 
their original longitudinal dimension. At the same time, the 
caliber of the individual collagen fibers increases without 
changing the structural integrity of the connective tissue. 
0118. As represented in FIG. 15, the delivery of energy 
from the electrodes 315A and 315B to an inflow of liquid 
media M. Such as any saline solution, will cause its instant 
vaporization and the expansion of the vapor (in addition to 
pressure from pressure source 335B) will cause high pressure 
gradients to propagate the heated vapor from port 322 to 
interact with endovascular media. The pressurized fluid 
media source 335A and pressure control subsystem 335B 
also can be adapted to create a pressure gradient, or enhance 
the pressure gradients caused by vapor expansion, to control 
lably eject the heated vapor from the working surface 320. As 
depicted in FIG. 15, the vaporized media M deposits energy 
to the vessel walls in the vapor to liquid phase change energy 
release. The vaporized media is at about 100° C. as it crosses 
the interface between the working surface 320 and blood and 
will push the blood distally while at the same time causing the 
desired thermal effects in the vessel wall 360. 

0119. As shown in FIG. 15, the collagen in the vessel walls 
will shrink and/or denature (along with other proteins) to 
thereby collapse the vessel. This means of applying thermal 
energy to vessel walls can controllably shrink, collapse and 
occlude the vessel lumen to terminate blood flow there 
through, and offers Substantial advantages over alternative 
procedures. Vein stripping is a much more invasive treatment. 
Rf closure of varicose veins is known in the art. Typically, a 
catheter device is moved to drag Rf electrodes along the 
vessel walls to apply Rf energy to damage the vessel walls by 
means of causing ohmic heating. Such Rf ohmic beating: 
causes several undesirable effects, such as (i) creating high 
peak electrode temperatures (up to several hundred degrees 
C.) that can damage nerves extending along the vessels exte 
rior, (ii) causing non-uniform thermal effects about valves 
making vessel closure incomplete, and (iii) causing vessel 
perforations as the catheter working end is dragged along the 
vessel walls. In contrast, the energy delivery system of the 
invention utilizes the heat of a vapor media that cannot exceed 
about 100° C. (or slightly higher depending on pressure) to 
apply energy to the vessel walls. This method substantially 
prevents heat from being propagated heat outwardly by con 
duction—thus preventing damage to nerves. There is no pos 
sibility of causing ohmic heating in nerves, since a principal 
advantage of the invention is the application of therapeutic 
heatentirely without electrical current flow in tissue. Further, 
the vapor and its heat content can apply Substantially uniform 
thermal effects about valves since the heat transfer mecha 
nism is through a vapor that contacts all vessel wall Sur 
faces—and is not an electrode that is dragged along the vessel 
wall. In one method of the invention, the vapor M" can be 
propagated from working end 300 while maintained in a 
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single location. Thus, the system of the invention may not 
require the navigation of the catheter member 305 through 
tortuous vessels. Alternatively, the working end 300 may be 
translated along the lumen as energy is applied by means of 
vapor-to-liquid energy release. 
I0120 Another advantage of the invention is that the sys 
tem propagates a therapeutic vapor media M' from the work 
ing Surface 320 that can be imaged using conventional ultra 
Sound imaging systems. This will provide an advantage over 
other heat transfer mechanisms, such as ohmic heating, that 
cannot be directly imaged with ultrasound. 
0.121. Another embodiment of the invention is shown in 
FIGS. 16-19 and is adapted for enhancing energy application 
to tissue by phase change energy releases in more precise 
tissue treatments, or to treat only Surface layers of tissue. For 
example, the inventive system can be carried in a probe work 
ing end as in FIGS. 16 and 17 for applying thermal energy to 
a limited depth in a skin treatment. Alternatively, the system 
can be used in forceps as in FIG. 18 that is suited for neuro 
Surgery and other precise Surgeries for coagulating tissue 
while insuring that tissue Sticking cannot occur. 
I0122. In general, this embodiment includes (i) polymeric 
monolith with microfluidic circuitry at an interior of the 
engagement Surface for controlling the delivery of energy 
from the fluid to the engaged tissue; (ii) optional contempo 
raneous cooling of the microfluidic circuitry and engagement 
surface for controlling thermal effects in tissue; and (iii) 
optional coupling of additional Rf energy to the fluid media 
contemporaneous with ejection from the engagement Surface 
to enhance energy application at the tissue interface. 
I0123 FIGS. 16 and 17 illustrate a probe-type instrument 
400A corresponding to the invention that is adapted for 
micro-scale energy delivery to tissue. Such as a patient’s skin. 
More in particular, the instrument 400 has a handle portion 
402 and extension portion 404 that extends to working end 
405. The working end carries a polymer microfluidic body 
410 with an engagement Surface 415 for engaging tissue. The 
engagement Surface 415 can be flat or curved and have any 
suitable dimension. Its method of use will be described in 
more detail below. 
0.124 FIG. 18 illustrates a forceps-type instrument 400B 
having a configuration that is common in neuroSurgery instru 
ments. The instrument of FIG. 18 has first and second tines or 
jaw elements 416a and 416b wherein at least one jaw carries 
a microfluidic body 410 having an engagement Surface 415 
for engaging tissue. It should be appreciated that the jaws can 
have any suitable dimensions, shape and form. 
0.125 Now referring to FIG. 19, a greatly enlarged view of 
body 410 and engagement surface 415 of FIGS. 17 and 18 is 
shown. In one aspect of the invention, the microfabricated 
body 410 carries microfluidic channels 420 adapted to carry a 
fluid media 422 from a pressurized media source 425 as 
described in previous embodiments. The media 422 is carried 
from source 425 by at least one inflow lumen 426A to the 
microfluidic channels 420 in body 410 (see FIGS. 16-18). In 
some embodiments, an outflow lumen 426B is provided in the 
instrument body to carry at least part of fluid 422 to a collec 
tion reservoir 428. Alternatively, the fluid 422 can move in a 
looped flow arrangement to return to the fluid media source 
425 (see FIGS. 16-18). The engagement surface can be 
Smooth, textured or having Surface features for gripping tis 
sue. In the embodiment of FIG. 19, the surface is provided 
with grooves 429 that provide a grip surface that is useful in 
jaw structures as in FIG. 18. The microfluidic channels have 
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a mean cross section of less than 1 mm. Preferably, the chan 
nels have a mean cross section of less than 0.5 mm. The 
channels 420 can have any cross-sectional shape. Such as 
rectangular or round that is dependent on the means of micro 
fabrication. 
0126 FIG. 19 depicts one exemplary embodiment of 
engagement Surface 415 that further carries a large number of 
open terminations or ports 430 in the surface for permitting 
propagation of vapor phase media 422 from the ports 430. In 
this aspect of the invention, the system applies energy to 
tissue as described in the earlier embodiments (see FIGS. 
6A-6B and 11-14). The microfluidic channels 420 extend in 
any suitable pattern or circuitry from at least one inflow 
lumen 426A. The system can be designed to eject 100% of the 
vapor phase media from the ports 430 for thermal interaction 
with tissue. In a preferred embodiment, the microfluidic 
channels 420 extend across the engagement Surface 415 and 
then communicate with at least one outflow lumen 426B (see 
FIGS. 16 and 17). In the embodiment of FIG. 19, the ejection 
of vapor media through ports 430 then can be modulated by 
both inflow pressures and by Suction from the optional nega 
tive pressure source 435 coupled to the outflow lumen 426B 
(see FIGS. 16 and 17). The flow channels 420 further can have 
an increase in cross-sectional dimension proximate the Sur 
face 415 or proximate each port 430 to allow for lesser con 
taining, pressure on the vapor to assist in its vapor to liquid 
phase transition. 
0127. In another embodiment, the engagement Surface can 
have other suction ports (not shown) that are independent of 
the fluidic channels 420 for suctioning tissue into contact with 
the engagement Surface 415. A Suction source can be coupled 
to Such suction ports. 
0128. In the embodiment of FIGS. 17 and 18, the system 
includes an electrical source 355 and fluid media source 355A 
as described above for converting a liquid media to a vapor 
media in a handle or extension portion, 402 or 404, of the 
instrument. The system further has a fluid pressure control 
system 335B for controlling the media inflow pressures as in 
the embodiment of FIGS. 14-16. 
0129. Of particular interest, the microfabricated body 410 
can be of an elastomer or other suitable polymer of any 
Suitable modulus and can be made according to techniques 
based on replication molding wherein the polymer is pat 
terned by curing in a micromachined mold. A number of 
Suitable microfabrication processes are termed soft lithogra 
phy. The term multilayer soft lithography combines soft 
lithography with the capability to bond multiple patterned 
layers of polymers to form a monolith with fluid and electric 
circuitry therein. A multilayer body 410 as in FIGS. 19 and 20 
can be constructed by bonding layers 438 of a selected poly 
mer, each layer of which is separately cast from a microma 
chined mold. An elastomer bonding system can be a two 
component addition-cure of silicone rubber typically. 
0130. The scope of the invention encompasses the use of 
multilayer soft lithography microfabrication techniques for 
making thermal vapor delivery Surfaces and electroSurgical 
engagement Surfaces, wherein such energy delivery Surfaces 
consist of multiple layers 438 fabricated of soft materials with 
microfluidic circuitry therein as well as electrical conductor 
components. 
0131. In an optional embodiment illustrated in FIG. 20, as 
will be further described below, the microfluidic circuitry 
further carries electrodes 440A and 440B for coupling elec 
trical energy to a conductive fluid 422 that flows within the 
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microchannels 420. Multilayer soft lithographic techniques 
for microfluidics are described, in general, in the following 
references which are incorporated herein by this reference: 
Marc A. Unger, Hou-Pu Chou, Todd Thorsen, Axel Scherer, 
and Stephen R. Quake, “Monolithic Microfabricated Valves 
and Pumps by Multilayer Soft Lithography’ (http://thebig 
one.caltech.edu/quake/publications/scienceaprO-0.pdf) and 
Younan Xia and George M. Whitesides, “Soft Lithography', 
(http://web.mit.edu/10.491/softlithographyreview.pdf). 
0.132. In any embodiment of polymer body 410, as 
described above, the layers 438 can be microfabricated using 
Soft lithography techniques to provide an open or channeled 
interior structure to allow fluid flows therethrough. The use of 
resilient polymers (e.g., silicone) is preferred and the more 
particular microfabrication techniques include any of the fol 
lowing. For example, microtransfer molding is used wherein 
a transparent, elastomeric polydimethylsiloxane (PDMS) 
stamp has patterned reliefon its surface to generate features in 
the polymer. The PDMS stamp is filled with a prepolymer or 
ceramic precursor and placed on a substrate. The material is 
cured and the stamp is removed. The technique generates 
features as Small as 250 nm and is able to generate multilayer 
body 410 as in FIG. 19. Replica molding is a similar process 
wherein a PDMS stamp is cast against a conventionally pat 
terned master. A polyurethane or other polymer is then 
molded against the secondary PDMS master. In this way, 
multiple copies can be made without damaging the original 
master. The technique can replicate features as Small as 30 
nm. Another process is known as micromolding in capillaries 
(MIMIC) wherein continuous channels are formed when a 
PDMS stamp is brought into conformal contact with a solid 
substrate. Then, capillary action fills the channels with a 
polymer precursor. The polymer is cured and the stamp is 
removed. MIMIC can generate features down to 1 um in size. 
Solvent-assisted microcontact molding (SAMIM) is also 
known wherein a small amount of solvent is spread on a 
patterned PDMS stamp and the stamp is placed on a polymer, 
such as photoresist. The solvent swells the polymer and 
causes it to expand to fill the surface relief of the stamp. 
Features as small as 60 nm have been produced. A back 
ground on microfabrication can be found in Xia and White 
sides, Annu. Rev. Mater. Sci, 1998 28:153-84 at p. 170 FIG. 
7d (the Xia and Whitesides article incorporated herein by 
reference). In any embodiment of polymer body 410, the 
polymer can have a “surface modification” to enhance fluid 
flows therethrough, and at the exterior surface to prevent the 
possibility of adherence of body materials to the surfaces. For 
example, the channels can have ultrahydrophobic surfaces for 
enabling fluid flows, and the fluids or Surfaces can carry any 
Surfactant. 

I0133. In a working end embodiment that is particularly 
adapted for microSurgery, as in the forceps of FIG. 18, the 
microfluidic body 410 with engagement surface 415 is sub 
stantially thin and is coupled to Superlattice thermoelectric 
cooling means indicated at 450. Thus, the scope of the inven 
tion extends to two complementary novel structures and com 
ponents: (i) bipolar microfluidic, flowable electrodes, and (ii) 
a Superlattice cooling structure. The components will be 
described in order. 

0.134 FIGS. 20 and 21A-21B illustrate the microfluidic 
body 410 with channels 420 that carry a flowing, conductive 
fluid 422 such as hypertonic saline. The fluid 422 is delivered 
in a liquid form to the forceps schematically shown in FIG. 
18. The fluid remains in a liquid state as it cycles through 
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channels 420 of the engagement surface 410 as in FIG. 20. 
The microfluidic body 410 can be adapted to delivery energy 
in either a monopolar or bipolar mode. In a monopolar mode, 
radiofrequency energy is coupled to the flowing fluid 422 by 
an active electrode arrangement having a single polarity, 
wherein the targeted tissue is treated when an electrical circuit 
is completed with a ground pad comprising a large area elec 
trode coupled to the patient at a location remote from the 
targeted tissue. In a bipolar mode, radiofrequency energy is 
coupled to flowing fluid 422 by first and second opposing 
polarity electrodes 440A and 440B in different channels 420, 
or different groups of channels (see FIG. 20). 
0135) In FIG. 20, the polymeric body 410 carries elec 
trodes 440A and 440B having exposed surfaces in the interior 
of channels 420 for coupling electrical energy to the conduc 
tive fluid 422. The surface layer 452 of polymeric material 
overlying channels 420 is substantially thin and allows from 
capacitive coupling of electrical energy to engaged tissue. 
The polymer is selected from a class of material known in the 
art that optimizes the delivery of electrical energy there 
through, wherein the polymer has limited capacitance. The 
interior regions 454 of polymeric material between channels 
420 has a greater dimension than the surface layer 452 to 
prevent substantial current flow between the channels at the 
interior of body 410. Also, the interior layer 456 that carries 
the channels can be microfabricated of a different substan 
tially insulative polymer to prevent current flows in the inte 
rior of body 410 between the opposing polarity channels, 
indicated with (+) and (-) signs. 
0136. In FIG. 20, the body 410 is illustrated in a bipolar 
configuration with electrodes 440A and 440B comprising a 
microfabricated metal layer or a conductively doped polymer. 
The electrodes 440A and 440B alternatively can comprise 
conductive wires inserted into the channels or can be a con 
ductive coating fabricated into the channel walls. Soft lithog 
raphy methods also can deposit conductive layers or conduc 
tive polymers to provide the electrode functionality of the 
invention. Alternative means for fabricating channels with 
conductive coatings are described in the following patents to 
W. Hoffman et al., which are incorporated herein by refer 
ence: U.S. Pat. Nos. 6,113,722; 6,458,231, 6,194,066: 6,588, 
613; 6,059,011, 5,352,512; 5,298,298; and 5,011,566. 
0137 FIGS. 21A-21B illustrate the microfluidic body 410 
as in FIG. 20 with electrical circuitry for altering the polarity 
of electrodes to provides a first polarity to a first group of 
fluidic channels (indicated as (+) positive pole) and a provides 
the second opposing polarity to a second group of fluidic 
channels (indicated as (-) negative pole). By this means, the 
depth of ohmic heating in tissue can be adjusted as is known 
in the art. In a preferred embodiment, each conductive region 
or electrode is coupled to a controller and multiplexing sys 
tem to allow bipolar energy application within engaged tissue 
between selected individual electrodes having transient 
opposing polarities, or any first polarity set of electrodes and 
fluidic channels 420 that cooperate with any set of second 
polarity electrodes and channels. The system can have inde 
pendent feedback control based on impedance or temperature 
for each activated set of electrodes. In this embodiment, the 
polymer layer overlying the channel also can be microporous 
or macroporous to allow the conductive fluid 422 to seep 
through this fluid permeable layer to directly couple electrical 
energy to the engaged tissue. 
0.138. Now turning to the superlattice cooling component 
450 of the invention, it can be seen in FIGS. 17, 18 and 20 that 
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the Superlattice component can be carried, interior of body 
410 and engagement surface 415. As described above, one 
preferred nanolattice cooling system was disclosed by Rama 
Venkatasubramanian et al. in U.S. patent application Ser. No. 
10/265,409 (Published Application No. 2003.0099279 pub 
lished May 29, 2003) which is incorporated herein by refer 
ence. For convenience, this class of thin, high performance 
thermoelectric device is referred to herein for convenience as 
a Superlattice cooling device, 
0.139 Superlattice cooling devices provide substantial 
performance improvements over conventional thermoelectric 
structures, also known as Peltier devices. It has been reported 
that Superlattice thermoelectric material having a Surface 
dimension of about 1 cm can provide 700 watts of cooling 
under a nominal temperature gradient. This would translate 
into an efficiency at least double that of conventional thermo 
electric devices. The use of a Superlattice cooling device in a 
Surgical instrument further provides the advantage of wafer 
scalability and the use of known processes for fabrication. 
The author first disclosed the use of thermoelectric cooling 
devices in athermal-energy delivery jaw structure in U.S. Pat. 
No. 6,099,251 issued Aug. 8, 2000 (see Col. 21, lines 38-52). 
0140. In a typical embodiment, the thin-film superlattice 
cooling structure comprises a stack of at least 10 alternating 
thin semiconductor layers. More preferably, the superlattice 
structure includes at least 100 alternating layers, and can 
comprise 500 or more such nanoscale layers. In one embodi 
ment, the thin film Superlattice structure comprises alternat 
ing stacks of thin film layers of bismuth telluride and anti 
mony telluride. The thin film superlattice structure thus 
comprises a circuit including, a plurality of thin film layers of 
at least two dissimilar conductors wherein current propagates 
heat toward one end of the circuit thereby cooling the end of 
the circuit coupled to the energy-emitting Surface. The Super 
lattice cooling structures are coupled to an electrical Source 
by independent circuitry, and can also be coupled with a 
control system to operate in a selected sequence with thermal 
energy delivery. 
0141 Referring to FIGS.22A-22B, the scope of the inven 
tion extends to a Surgical energy-emitting Surface 465 for 
applying energy to tissue wherein the Superlattice cooling 
structure 450 is interior of the energy-emitting surface and/or 
adjacent to the energy-emitting Surface for engaging and 
cooling tissue. A tissue-engaging Surface can include a first 
surface portion 470 of a thermal energy emitter and second 
surface portion 450 of the superlattice cooling, device as in 
FIGS. 22A and 22B. The first and second surface portions 470 
and 450 can be provided in any suitable pattern. A working 
end as in FIGS. 22A and 22B can be used for treating skin, for 
example in cosmetic treatments for shrinking collagen or for 
damaging or stimulating Subsurface tissues to thereby cause 
collagen formation. The system can deliver a burst of thermal 
energy followed by a surface cooling to localize heat at a 
selected depth while preventing excessive damage to the epi 
dermal layer. In a preferred embodiment, the energy-emitting 
surface is thin microfluidic body 410 as depicted in FIG. 19 
above. In another embodiment in FIG. 23, a jaw arms 472A 
that is of a forceps-type instrument as in FIG. 18, can com 
prise a bipolar metal film electrode 475A overlying a super 
lattice cooling structure 450. Each jaw arm can include such 
an electrode coupled to an Rf source 150A to provide for 
bipolar energy delivery between the jaws. Such a bi-polar jaw 
structure with active Superlattice cooling would prevent tis 
Sue Sticking. It should be appreciated that other thermal 
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energy-emitting Surfaces are possible. Such as laser emitters, 
microwave emitters and resistive heating elements. 
0142. Now turning to FIG. 24, an alternative instrument 
with thermal energy delivery surface 415 is shown. In this 
embodiment, the open-ended capillary microchannels 485 
are formed in a body 488 of a selected material and have a 
selected cross-sectional dimension to provide a capillary 
effect to draw liquid media 422 into the capillary channels. 
This embodiment can be fabricated of a polymer by soft 
lithography means. Alternatively, the tissue-engaging body 
can he of a ceramic, metal or a combination thereof AS can he 
seen in FIG. 24, the plurality of capillary channels have an 
interior end 492 that communicates with a liquid reservoir 
494. In operation, the capillaries will draw liquid 422 into the 
channels by means of normal capillary forces. The capillary 
channels 485 further carry a thermal energy emitter about 
interior channel regions for vaporizing the liquid 422 that is 
drawn into the channels. The thermal energy emitter is opera 
tively coupled to a source selected from the class consisting of 
aRf source, microwave source, laser Source and resistive heat 
Source. In operation, the capillaries will draw liquid 422 into 
the channels 485 wherein vaporization will eject the vapor 
outwardly from the surface 415 to apply thermal energy to 
tissue as described in earlier embodiments. The advantage of 
the invention is that the capillary channels can continuously 
draw liquid 422 into the microchannels from a substantially 
static liquid reservoir without the need for a substantial pres 
Surization means. At the same time, the vaporization of the 
liquid media 422 will cause pressures to cause ejection of the 
vapor from the surface 415 since that is the direction of least 
resistance. The surface 415 can further carry any monopolar 
of bipolar electrode arrangement to couple energy to the 
ejected vapor and engaged tissue. 
0143 FIG. 25 illustrates an alternative jaw structure 500 
for sealing tissue with first and second jaws 502A and 502B. 
Each jaw carries a body 410 with capillaries channels 420 and 
vapor delivery ports as in FIG. 19. The jaws structure includes 
a system that transects tissue by hydrojet means that can 
cooperate with the fluid media source of the invention. Of 
particular interest, one jaw carries an ultrahigh pressure water 
inflow lumen 510 that exits at least one thin linear port 515 
wherein the jetting, of water has sufficient velocity to cut the 
engaged tissue. Depending on the length of the jaws, the 
jetting port(s) 515 can be singular or plural, an overlapping if 
required to insure transection of any engaged tissue Volume. 
In another embodiment (not shown) the jaw can have a move 
able jet member that axially translates in the jaw to cut tissue. 
Electrical energy can be coupled to a fluid jet to further apply 
energy along a cutline. The jetted fluid is received by elongate 
channel 525 in the opposing jaw that communicates with 
extraction lumen 540 and an aspiration source. Such ajaw can 
have an interlock mechanism to insure that the hydrojet cut 
ting means can only be actuated when the jaws are in a closed 
position. This embodiment provides the advantage of having 
a non-stick tissue-sealing jaw structure together with a 
transecting means that operates without moving parts. It 
should be appreciated that the scope of the invention includes 
the use of Such a hydrojet cutting means to any Surgical jaw 
structure that is adapted to seal tissue or organ margins. 
0144. 4. Type “D” Thermotherapy Device. 
0145 FIG. 26 illustrates an alternative working, end 400 
carried by an elongate flexible catheter body 405 of the type 
used in interventional cardiology. The working end 400 car 
ries at least one microchannel structure 415 in working Sur 
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face 420 as described above or applying energy by pressing 
surface 420 against targeted tissue. FIG. 26 depicts a plurality 
of microchannel bodies or structures 415 in the sidewall of a 
catheter working end to allow for flexibility, with the catheter 
body 405 being from 1.0 to 2.0 mm in diameter not limiting. 
The microchannel structure is oriented so that vapor media M 
is ejected substantially transverse to the axis 427 of the cath 
eter. The targeted tissue T may be veins, myocardium or other 
cardiac tissue in which it is desirable to create a linear trans 
mural lesion or ablation to alter electrical signal transmission 
in a treatment for atrial fibrillation as is known in the art. As 
shown in FIG. 26, the working end 400 is configured with a 
balloon 430 as is known in the art for positioning the working 
end in a treatment location. It is believed that the method of 
the invention can create the desired elongate linear thermal 
effect in the targeted tissue with greater control over (i) the 
lateral margins of the treatment path, and (ii) the depth of 
treatment, when compared to prior art radiofrequency devices 
that deliver Rf energy that courses through the tissue in an 
unpredictable manner. 
0146 FIGS. 27 and 28 illustrate another embodiment of 
working end 500 for an endoluminal thermotherapy wherein 
the catheter body 505 carries interior chamber 510 and coop 
erating electrodes 515A and 515B for a microchannel struc 
ture as in FIG. 12) for applying energy to inflowing liquid 
media M to cause it change in phase to vapor media M'. In this 
embodiment, the tissue-engaging Surface 520 and outflow 
ports 522 are about the exterior of an expandable structure 
524 that is distal to the interior chamber 510 and electrodes 
515A and 515B. The interior chamber is coupled to the chan 
nel 525 by a flexible film lumen portion indicated at 533 in 
FIG. 28. The expandable structure 524 expands radially out 
ward from the catheter axis to provide a linear, circumferen 
tial lesion. The outflow ports 522 are in the channel 525 
formed in a temperature resistant laminate of the thin film 
polymer layers. The expandable structure can be an expand 
able balloon or mechanically actuated structure. In one 
embodiment as in FIGS. 27-28, the expandable structure 524 
is a balloon of a non-distensible polymer that is expanded by 
a liquid that can be cooled to assistin controlled application of 
energy to tissue along the line of the outflow ports 522. The 
balloon inflation lumen is not shown for convenience. The 
working surface 520 can create circumferential lesions in 
pulmonary veins that are needed in treating atrial fibrilla 
tion—the most common form of cardiac arrhythmia (abnor 
mal electrical signals in the heart), affecting more than 5 
million people worldwide. It should be appreciated that the 
flex structure can be con configured about a deflectable work 
ing end of an instrument to engage about the exterior of a 
pulmonary vein for a pulmonary vein ablation treatment as is 
known in the art. The method of fabricating the flexible struc 
ture 524 is described below. 

0147 FIG. 29 illustrates another exemplary embodiment 
500 with working surface 520 and inflow ports 522. This 
alternative flexible structure 524 is preformed for engaging 
the interior geometry of a lumen or cavity in any body struc 
ture or organ. The flexible structure 524 can be an expandable 
balloon, a structure expandable by any mechanical mecha 
nism or a shape memory alloy or shape memory polymer, or 
an open web structure, for example expanded by gel infusion. 
Or the device as in FIG. 29 can have an open end 546 and be 
expanded to net shape of the structure as vapor media in 
pushed into channels 525 under pressure. The flexible struc 
ture 524 has a plurality if channels 525 with openings 522 
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therein to allow the exit a vapor phase media M that is 
delivered under controlled pressure to the channels. The 
embodiment of FIG. 29, for example, can be used for apply 
ing energy to the wall 360 of an aneurysm. It should be 
appreciated that the flexible structure 524 also can take form 
of a highly elongate sleeve with perforations therein (not 
shown) for treating varicose veins. The flexible sleeve struc 
ture 524 would be inserted along the targeted length of the 
vein, and the openings in the sleeve would diffuse the delivery 
of vapor into all surfaces of the vessel. The ports 522 can be 
directed away from perforator vessels. Such a sleeve 524 can 
be releasable from the instrument and of a bioasorbable poly 
mer. The sleeve can he left in place in the blood vessel. Such 
a device would he capable of directing high pressure flows in 
the desired direction and expand under inflow pressures of 
vapor media M' and then collapse under the force of vessel 
shrinkage. The device would prevent thermal migration into 
perforators that extend between Surface and deep vein sys 
temS. 

0148 FIGS.30A and 30B illustrate the method of making 
the expandable structure and working, surface 520 of the 
device of FIG. 29. Thin film materials 532a and 532b of a 
temperature resistant material can be used and bonded (ther 
mally or with adhesives etc.) along weld lines 548 to create 
channels 525. The openings or ports 522 can be laser cut or 
created in cooperating patterns by any suitable means. The 
ports and channel dimensions can have cross-sections (or 
branches) in controlled varied dimensions or shapes for caus 
ing a uniform outflow of vapor phase media Malong the 
length of an elongate channel. 
014.9 FIG.31 illustrates an exemplary cut-away view of a 
working surface 520 and channels 525 and further illustrating 
the release of the heat of vaporization to the engaged tissue in 
the vapor-to-liquid phase transition as vapor media exits ports 
522. The tissue can be any interior of anybody organ, such as 
a patient's uterus in an endometrial ablation treatment. 
0150 FIG. 32A-32B illustrates an enhanced means of 
energy delivery to tissue from an expandable flex structure 
524 similar to that depicted in FIGS. 27 and 31. The expand 
able structure 524 in FIG. 32A carries an additional conduc 
tive surface telectrode) layer indicated at 565 about the sur 
face of the structure proximate the inflow ports 522. It should 
be appreciated that the conductive surface 565 can be pro 
vided in any working Surface (or interior of any working 
surface) in the various embodiments described above. The 
conductive surface 565 is coupled to an electrical source and 
a controller but is adapted to function independently from, or 
in cooperation with, the electrical discharges that convert the 
liquid media to vapor media. Electrical energy delivery to 
surface electrode 565 can be intermittent a high HZ rate of 
energy delivery to the vaporizing electrodes 515A and 515B, 
or out of phase, for example. FIG.32B is a schematic view of 
the method of the invention, showing a small portion of 
expandable structure 524 and channel 525 pressed against 
tissue. Vapor media M' is ejected under high pressure from 
ports 522 deep into tissue as depicted above in FIG. 31. The 
media is a high saline content Solution that is vaporized in the 
instrument, working end as described above and injected 
under high pressure into soft tissue T. It has been found that 
Such vapor injection migrates in intracellular spaces between 
cells 566. The vapor media M' is also conductive (as it con 
sists of a transientionized plasma) as it extend very deep into 
Soft tissue under the high pressure propagation before it con 
denses and delivers energy to tissue in the phase change 
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release. At the time that the vapor media M' is with within the 
intracellular spaces 570, it can serve as a gas electrode (or 
evanescent electrode) that can conduct high Voltage in coop 
eration with a ground pad until the vapor plume collapses. 
The method of the invention thus comprises applying Voltage 
to the has electrode from conductive surface 565) within the 
intracellular spaces or deep tissue spaces to apply ablative 
energy to the tissue T. Thus, the phase transition energy 
release can be enhanced by energy delivery via the evanescent 
electrode means. This form of enhanced energy delivery will 
be uniform about the surface of the in effect gas electrode 
that evanesces (vanishes) leaving only dispersed water drop 
lets. By these means, thermal ablation or shrinkage of vessel 
lumens or soft tissues can be accomplished very rapidly, 
under ultrasound visualization. In soft tissue applications, it 
has been found that the vapor media can be introduced deep 
into tissue Volumes through intracellular fluid spaces to apply 
high energy densities throughout the targeted tissue Volume. 
In effect, the evanescent electrode for micro-second or longer 
time scale extends throughout the tissue-not just contacting 
the tissue surface as is mono-polar or bi-polar Rf. While the 
method of applying electrical energy the conductive plasma 
or vapor is shown in soft tissue in FIG. 32B, the method 
applies equally to use in body lumens as in the treatment of 
Varicose veins. 

0151 FIG. 33 illustrates an alternative working end 600 
that comprises an openable-closeable jaw structure 602 with 
first and second jaws 604a and 604b that are moveable 
between a first open position and a second closed position to 
compress engaged tissue together with a releasable polymer 
clip-like element 605 carried within the jaws. The clip ele 
ment 605 is adapted for providing sealing functionality in 
addition to the thermal sealing caused by energy delivery as 
described above. The sealed vessel also optionally can be 
transected with a blade 610 in the jaw structure 604 as in 
known in the art. In this working end, the jaw structure 602 
carries a de-matable weldable clip of a heat shrinkable poly 
mer or a similar shape memory polymer. Preferably, the clip 
605 is biodegradable. In FIG.33, the surfaces of one or both 
jaws comprise working surfaces 620A and 620B that have 
ports 622 therein from which vapor media M' is ejected under 
high pressure as described above. In one embodiment, the 
jaws carry opposing bi-polar electrodes or another heating 
elements to fuse together the ends 624a and 624b of clip 605 
about the tissue. The polymer clip 605 is substantially porous 
for allowing vapor media M' to propagate directly through the 
polymer to interact with, and further seal the tissue, 
0152 FIG. 34A is a phantom view of jaw structure 602 
(upper jaw not shown) clamping about a blood vessel 630 
with the polymer clip 605 being compressed about the tissue. 
FIG. 34A also shows the ends 624a and 624b of clip 605 
being welded at weld, regions indicated at 633. FIG. 34B 
contemporaneously shows the method of shrinking the clip 
620 wherein vapor media M' is ejected into the polymer clip 
from the jaws to seal the tissue while at the same time shrink 
ing the biodegradable polymer within and about the captured 
tissue. The scope of the invention includes using the vapor 
media to melt and inject strands or webs of melted polymer 
through the captured tissue. Upon cooling, the polymer and 
tissue then form an integrated renatured composition for per 
manent sealing. It should be appreciated that the scope of the 
inventive clip extends to any form of energy delivery to shrink 
the clip, for example, Rf energy or laser energy. In one 
embodiment, the clip has projecting, elements or barbs (not 
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shown) to penetrate the tissue and any fascia to assist in vapor 
penetration into the captured tissue for more rapid delivery of 
thermal energy from the vapor to create a tissue seal. An 
instrument can be fabricated that carries a plurality of clips 
that can be advanced to the working end, much like a 
mechanical clip applier. The polymer clips also can carry 
imageable or radiopaque compositions, 
0153. 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. 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. Further variations will be apparent 
to one skilled in the artin light this disclosure and are intended 
to fall within the scope of the appended claims. 
We claim: 
1. A method of treating target tissue within a lumen of a 

patient’s body comprising: 
introducing an elongate vapor delivery tool into the lumen; 
delivering vapor from the delivery tool into the lumen; and 
fusing opposed tissue surfaces of the lumen. 
2. The method of claim 1 further comprising moving the 

opposed tissue Surfaces toward each other. 
3. The method of claim 2 wherein the moving step com 

prises compressing the opposed tissue surfaces. 
4. The method of claim wherein the vapor comprises water 

vapor. 
5. The method of claim 4 further comprising vaporizing 

liquid water prior to the delivering, step. 
6. The method of claim 1 wherein the delivery tool com 

prises a working end, the delivering step comprising vapor 
izing a fluid proximal to the working end. 
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7. The method of claim 1 wherein the delivering step com 
prises inserting a catheter into the lumen. 

8. The method of claim 1 wherein the delivering step com 
prises inserting an endoscope into the lumen. 

9. The method of claim 1 further comprising condensing 
the vapor on the tissue surfaces. 

10. The method of claim 1 wherein the delivering step 
comprises delivering vapor to target tissue for 1-30 seconds. 

11. The method of claim 10 wherein the delivering step 
comprises delivering vapor to target tissue for 5-20 seconds. 

12. A method of treating target tissue in a patient’s body 
comprising: 

placing a working end of an elongate vapor delivery tool 
adjacent the target tissue; 

inflating a balloon at the working end of the vapor delivery 
tool to place the balloon in contact with tissue; and 

delivering vapor from the working end of the vapor deliv 
ery tool to weld, fuse or ablate the target tissue. 

13. The method of claim 12 wherein the placing step com 
prises inserting a catheter into the patient’s body. 

14. The method of claim 12 wherein the placing, step 
comprises inserting an endoscope into the patient’s body. 

15. The method of claim 12 wherein the vapor comprises 
water vapor. 

16. The method of claim 15 further comprising vaporizing 
liquid water prior to the delivering step. 

17. The method of claim 12 further comprising condensing 
the vapor on the target tissue. 

18. The method of claim 12 wherein the delivering step 
comprises delivering vapor to target tissue for 1-30 seconds. 

19. The method of claim 12 wherein the delivering step 
comprises delivering vapor to target tissue for 5-20 seconds. 
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