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DEVICES AND METHODS FOR THE TREATMENT OF TISSUE

RELATED APPLICATIONS
[001] This application claims the benefit of prior U.S. Provisional Application 61/434,319 (Attorney
Docket No. 41714-703.101), entitled Mcthod and System for Treatment of Diabetes, filed January 19,
2011, the entire content of which is incorporated hercin by reference in its entirety and or prior U.S.
Provisional Application 61/538,601 (Attorney Docket No. 41714-703.102), entitled Devices and Methods
for the Treatment of Tissue, filed September 23, 2011, the entire content of which is incorporated herein

by reference in its entirety:.

TECHNICAL FIELD
[002] The embodiments disclosed herein relate generally to systems, devices and methods for treating

tissue, particularly gastrointestinal tissue. Methods of treating diabetes are also disclosed.

BACKGROUND

[003] Diabetes is a metabolic disease in which a person develops high blood sugar because the
person’s body does not produce enough insulin or the cells of the body are incapable of effectively
responding to the produced insulin. Primarily, diabetes is of two types: Type-1 and Type-2. Type-1
diabetes results due to the body’s failure to produce enough insulin, and Type-2 diabetes results from the
body’s autoimmune destruction of pancreatic beta cells and, consequently, the body’s failure to produce
enough insulin, and Type 2 diabetes is a complex metabolic derangement that causes hyperglycemia
through insulin resistance (in which the body’s cells fail to properly utilize the produced insulin) and
inadequate insulin production to meet the body’s needs.

[004] Currently, there are several procedures aimed at treating diabetes based on the above concept.
The procedures require major surgery, removal of portions of the GI tract, and/or long-term implants. As
with any major surgery, gastric bypass surgery carries a risk of complications.

[005] Devices have been developed to deliver energy to the body. For example, cardiac ablation
devices have been designed to deliver ablative energy to coronary tissue. Additionally, urethral resection
devices have been designed to burn or cut away portions of a prostate. Each of these technologies has
been modified and adapted toward effective usage in the particular portion of the body to be treated as
well as the particular discase to be treated.

[006] There is a need for systems and methods that can provide a therapeutic treatment of the GI tract
by the application of energy to the GI tract. Specifically, there is a need to provide a treatment of diabetes
with a procedure in the GI tract that is less invasive than gastric bypass surgery and has other advantages

for patients.
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SUMMARY
[007] The systems, methods and devices of the present inventive concepts treat target tissue of a
patient, such as to provide a therapy for a patient discasc or disorder. A system for treating diabetes in a
patient comprises a viewing component, a sclecting component and a treating component. The viewing
component allows the duodenal mucosa to be evaluated. The sclecting component selects a target arca of
the patient’s duodenal mucosa to treat. The treating component treats a treatment arca of the patient’s
duodenal mucosa such that the treatment leaves the patient’s duodenum anatomically intact with respect
to the patient’s stomach and jejunum. The treatment arca includes an arca of the duodenal mucosa that is
contiguous with an arca in at least one of the patient’s jejunal mucosa and gastric mucosa.
[008] The treating component may be adapted to remove the patient’s duodenal mucosa and the
treatment may comprise eliminating stem cells in the duodenal mucosa.
[009] The treating component may be adapted to ablate tissue in the duodenal mucosa.
[010] The treating component may be adapted to ablate tissue in the duodenal mucosa and may
comprise a balloon equipped with an ablative subcomponent for ablating the duodenal mucosa.
[011] The treating component may be adapted to remove the patient’s duodenal mucosa and may
comprise a shaver and/or scraper for shaving and/or scraping at least a portion of the duodenal mucosa.
The shaver and/or scraper may comprise a balloon equipped with a cutting device for treating the
duodenal mucosa.
[012] The system may further comprise a tissue expansion device, such as a tissue expansion device
constructed and arranged to expand submucosal tissue of the duodenum.
[013] According to another aspect of the invention, a system for treating a patient includes an
clongate tube and a treatment element. The elongate tube, typically a flexible shaft, includes a distal
portion, and the treatment element is positioned on the elongate tube distal portion. The treatment
element is constructed and arranged to treat target tissue and to avoid adversely affecting non-target
tissue. A method is provided wherein the system is provided and target tissue is treated with the
treatment element.
[014] Selection of target tissue and target tissue treatments are applicable to numerous patient
diseases or disorders, including but not limited to: Diabetes; Type-1 Diabetes; Type-2 Diabetes;
hypercholesterolemia; a metabolic syndrome; disease; celiac disease; obesity; cancer such as
bronchoalveolar carcinoma; and cystitis. In some embodiments, no chronic implant (¢.g. no implant left
within the body for more than twenty four hours), is used. In other embodiments, a chronically implanted
device may be included, such as a device selected from the group consisting of: a stent; a sleeve; and a
drug delivery device such as a coated stent, a coated sleeve and/or an implanted pump; and combinations
of these.
[015] The treatment ¢lement is configured to target tissue in one or more locations of the patient. The
target tissue comprises a three dimensional volume of tissue, and may include a first portion, a treatment

portion, whose treatment has a therapeutic benefit to a patient; as well as a second portion, a safety
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margin portion, whose treatment has minimal or no adverse effects to the patient. Non-target tissue may
be identified which is tissue whose damage or other adverse effect caused by the treatment clement is
reduced or avoided.

[016] The target tissue treatment may include one or more effects to the target tissue such as an effect
selected from the group consisting of: modification of cellular function; cell death; apoptosis; instant cell
death; cell necrosis; denaturing of cells; removal of cells; and combinations of these. Target tissue may
be sclected such that after treatment the treated target tissue and/or tissue that replaces the target tissue
functions differently than the pre-treated target tissue. The treatment of target tissue may initiate an
inflammatory response. The treatment of target tissue may cause target tissue cells to become non-
functional and/or prevent cellular secretions. The treatment of target tissue may alter cellular autocrine
and/or paracrine signaling. The modified and/or replacement tissue may have different secretions or
quantities of secretions than the pre-treated target tissue, such as to treat diabetes or obesity. The
modified and/or replacement tissue may have different absorptive properties than the target tissue, such as
to treat diabetes; obesity and/or hypercholesterolemia. The new tissue may comprise different cholesterol
absorption properties. The effect of the treatment may occur acutely, such as within twenty four hours, or
after longer periods of time such as greater than twenty four hours or greater than one week.

[017] Target tissue to be treated may comprise two or more tissue portions, such as a first tissue
portion treated with a first treatment and/or a first treatment element, and a second tissue portion treated
with a second treatment and/or second treatment element. The first and second tissue portions may
overlap and they may be adjacent, such as comprising two adjacent partial circumferential portions of
tissue. The first and second treatment and/or treatment elements may be similar or dissimilar.
Dissimilarities may include type and/or amount of energy to be delivered by an energy delivery treatment
element. Other dissimilarities may include but are not limited to: target tissue area treated; target tissue
depth treated; target tissue circumferential portion treated; energy delivery type; and energy delivery rate
and/or amount. The system may be constructed and arranged to sequentially treat a first target tissue
portion and a second target tissue portion. The first and second target tissue portions may include similar
or dissimilar tissue characteristics. Similar or dissimilar tissue characteristics may be selected from the
group consisting of: tissue type such as tissue layer type; tissue density; tissue thickness; and
combinations of these. The first target tissue portion may be treated in a similar or dissimilar manner than
the treatment of the second tissue portion. Dissimilaritics between a first treatment and a second
treatment may be selected from the group consisting of: energy level; delivery duration; tissue
temperature during delivery and combinations of these. The first tissue portion may be thinner than the
second tissue portion, and the system may be configured to treat the first tissue portion at a lower
temperature than the second tissue portion, at a lower energy level than the second tissue portion, and/or
for a shorter treatment duration than the second tissue portion.

[018] Target tissue may include tissue of the duodenum, such as tissue including all or a portion of

the mucosal layer of the duodenum, such as to treat diabetes or obesity while leaving the duodenum
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anatomically connected. Replacement tissue may comprise cells that have migrated from one or more of
gastric mucosa; jejunal mucosa; or an untreated portion of the duodenum whose mucosal tissue functions
differently than the treated mucosal tissue functions prior to treatment. In some embodiments, target
tissue includes treatment tissuc comprising the mucosal layer of the duodenum, and safety margin tissue
comprising a full or partial layer of the submucosal layer of the duodenum. In some embodiments, the
target tissue comprises the entire length of the mucosal layer of the duodenum, and may include a portion
of the pylorus contiguous with the duodenal mucosa and/or a portion of the jejunum contiguous with the
duodenal mucosa. Treatment of duodenal tissue may be performed to treat a disease or disorder selected
from the group consisting of: diabetes; obesity; insulin resistance; a metabolic disorder and/or discase;
and combinations of these. A full circumferential portion (e.g. 360°) of the mucosal layer is typically
treated. In some embodiments, the target tissue comprises at least a circumferential portion of an
innermost mucosal partial layer along at least a segment of the duodenum. In these embodiments, the
target tissue may comprise a tissue portion selected from the group consisting of: at least a
circumferential portion of an innermost mucosal partial layer along the full length of the duodenum; a full
circumferential portion of the innermost mucosal partial layer; a full circumferential portion of an
innermost mucosal partial layer along the full length of the duodenum; the stem cells at the base of the
crypts; the transit amplifying cells; and combinations of these. The target tissue may comprise a full
circumferential portion of an innermost mucosal partial layer along the full length of the duodenum. The
target tissue may comprise at least a portion of the submucosal layer of the duodenum. In these
embodiments, the target tissue may comprise tissue selected from the group consisting of: at least a
circumferential portion of an innermost submucosal partial layer along at least a segment of the
duodenum; at least a circumferential portion of the innermost submucosal partial layer along the full
length of the duodenum; a full circumferential portion of the innermost submucosal partial layer; a full
circumferential portion of the innermost submucosal partial layer along the full length of the duodenum;
and combinations of these. The target tissue may comprise one or more longitudinal portions of the
duodenum. The target tissue may comprise a distal portion of the stomach, such as target tissue spanning
from a distal portion of the stomach to a proximal portion of the jejunum. The target tissue may comprise
tissue spanning from the pylorus to the ligament of Treitz. The target tissue may comprise a partial
circumferential portion of the duodenum, such as a partial circamferential portion of the duodenum
proximate the Ampulla of Vater and/or a partial circumferential portion of the duodenum proximate the
pancrecas. The target tissue may comprise a depth of tissue such as a pre-determined depth of tissue. The
tissue depth may comprise a full mucosal layer and/or a full submucosal layer. The target tissue depth
may comprise a partial tissuc layer, such as a partial submucosal layer depth selected from the group
consisting of: one percent of the depth of the full submucosal layer; twenty five percent of the full
submucosal depth; fifty percent of the full submucosal depth; and combinations of these. The target
tissue may comprise a depth, a length and a width, and the depth of target tissue may be relatively

uniform along the length and/or the width. Alternatively, the target tissue may comprise a depth, a length
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and a width, and the depth of the target tissue may vary along the length and/or the width. The target
tissue may be selected based on a patient anatomical and/or physiologic condition, such as a an
anatomical and or physiologic condition selected from the group consisting of: hyperglycemic
hyperosmolar state; diabetic ketoacidosis; insulin resistance; pre-diabetes; hypertriglyceridemia; and
combinations of these. The target tissue may be selected based on gross anatomical and/or functional
borders of the target tissue, such as gross anatomical and/or functional borders selected from the group of
locations consisting of: tissue between the duodenum and adjacent tissue of the gastrointestinal tract;
tissue between the four parts of the duodenum; and combinations of these.

[019] Target tissue may comprise tissue of the terminal ileum, such as to treat hypercholesterolemia
or diabetes. Target tissue may extend into the proximal ileum and/or the colon.

[020] Target tissue may comprise gastric mucosal tissue, such as regions that produce ghrelin and/or
other appetite regulating hormones, such as to treat obesity or an appetite disorder.

[021] Target tissue may comprise bladder wall tissue, such as to treat a disease or disorder selected
from the group consisting of: interstitial cystitis; bladder cancer; bladder polyps; pre-cancerous lesions of
the bladder; and combinations of these.

[022] Target tissue may comprise tissue selected from the group consisting of: large and/or flat
colonic polyps; margin tissue remaining after a polypectomy; and combinations of these. These tissue
locations may be treated to treat residual cancer cells.

[023] Target tissue may comprise airway lining tissue, such as to treat a disease or disorder selected
from the group consisting of: bronchoalveolar carcinoma; other lung cancers; pre-cancerous lung lesions;
and combinations of these.

[024] Target tissue may comprise at least a portion of the intestinal tract afflicted with inflammatory
bowel disease, such that Crohn’s disease or ulcerative colitis may be treated.

[025] Target tissue may comprise issue of the oral cavity, such as to treat one or more of: oral cancers
and a pre-cancerous lesion of the oral cavity.

[026] Target tissue may comprise tissue of the nasopharynx, such as to treat nasal polyps.

[027] Target tissue may comprise gastrointestinal tissue selected to treat Celiac disease and/or to
improve intestinal barrier function.

[028] The treatment elements, systems, devices and methods may be constructed and arranged to
avoiding treating certain tissue, termed “non-target tissue” herein. Depending on the location of
treatment, different non-target tissue may be applicable. In certain embodiments, non-target tissuec may
comprise tissue selected from the group consisting of: the tunica serosa, the tunica muscularis and/or the
outermost partial layer of the submucosa such as during mucosal treatment; Ampulla of Vater such as
during mucosal treatment proximate the Ampulla of Vater; Sphincter of Oddi; pancreas; bile duct;
pylorus; body organ; and combinations of these.

[029] The treatment elements of the present inventive concepts may comprise a transducer or other

functional element configured to deliver energy, such as an clement selected from the group consisting of:
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sound delivery elements such as piezo transducers and ultrasound crystals; ¢lectromagnetic energy
delivery elements such as electrodes; laser energy deliver elements such as optical fibers, prisms, lenses
and other optical components; a cutting clement such as a blade, a roughened surface or an abrasive
mesh; and combinations of these. The treatment elements of the present inventive concepts may be
advanceable and/or retractable, and may be radially expandable, radially extendable and/or radially
compressible. Radially expandable clements may comprise on¢ or more of a balloon; a cage; and radially
deployable arms, such as a balloon with an abrasive element or surface, or a balloon containing one or
more clectrodes configured to deliver electromagnetic energy. Treatment clements may comprise three or
more energy delivery elements, such as three or more energy delivery elements configured in a radially
expandable array. Treatment elements may treat tissue in a radially expanded state, such as to compress
tissue (e.g. during energy delivery); prevent perfusion of blood; and/or to bring a treatment element such
as an energy delivering electrode into contact with tissue. Treatment elements may be configured to
conform to the topography of target tissue, such as treatment elements comprising a topography
conformable balloon and/or a topography conformable expandable cage. The treatment elements may be
configured to perform a full circumferential tissue treatment in a single step, or partial circumferential
tissue treatments in multiple steps. Treatment elements may be configured to expand to a diameter of at
least 1cm or to a diameter of at least 2cm. Treatment elements may be constructed and arranged to cause
blood proximate the target tissue to migrate away from the target tissue, such as to avoid an undesired
heat sinking effect.

[030] A second treatment element may be included in the systems, devices and methods of the
present inventive concepts, such as a first treatment element mounted to a first clongate tube and a second
treatment element mounted to a second elongate tube slidingly received by the first elongate tube. The
first and second treatment elements may be configured to deliver different tissue treatments, such as a
first treatment with a first form of energy and a second treatment with a different form of energy. The
second treatment element is typically mounted to a distal portion of the first elongate shaft or a second
elongate tube.

[031] A balloon may be configured as a treatment element, such as a balloon containing fluid
between 43°C and 100°C, typically between 65°C and 90°C to treat the target tissue. A balloon may
comprise one or more electrodes, such as one or more segmented or flexible electrodes configured to
deliver clectromagnetic energy (¢.g. RF energy) to tissue in a monopolar mode (¢.g. by passing energy
between a balloon clectrode and a patch or other skin clectrode) and/or a bipolar mode (¢.g. by passing
energy between two balloon electrodes). Multiple balloons may be included, such as a balloon
configured as a tissue abrader and a balloon configured for tissuc ablation. In some multiple balloon
embodiments, a first balloon treats tissue with hot fluid ablation and/or electromagnetic energy ablation
and a second balloon is configured to abrade tissue. The second balloon may be positioned distal to or
proximal to the first balloon. A treatment clement may comprise a multiple lobed balloon, such as a

multiple lobed balloon configured to deliver energy to target tissue via a hot fluid and/or a multiple lobed
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balloon including one or more energy delivery electrodes on its one or more lobes. Balloons configured
as treatment clements may be expanded with a fluid such as air, CO, and/or saline.

[032] Treatment elements of the present inventive concepts may be configured to deliver energy, such
as in a continuous, pulsed, and/or variable energy delivered by an energy delivery element. In one
configuration, a first energy application is delivered followed by a similar or dissimilar second energy
application, to the same or different tissue portions. Energy delivery may be varied, within a single
application or from a first application to a second application, such as to accommodate different target
tissue thicknesses, such as different thicknesses of duodenal mucosa or duodenal submucosa. In some
embodiments, clectromagnetic energy is delivered in a first application and a second application. The
first application may be delivered to a first layer of tissue and the second application, at a higher energy
level than the first, delivered to a second, deeper layer of tissue. Energy delivery may be varied, within a
single application or from a first application to a second application, such as to avoid undesired treatment
to non-target tissue. Varied energy delivery may comprise varying of level of energy delivered. Pulsed
energy delivery may comprise pulse width modulated energy delivery and/or time division multiplexing
energy delivery.

[033] Energy delivered may be in one or more forms, such as an energy selected from the group
consisting of: electromagnetic energy such as radiofrequency and microwave energy; plasma energy such
as argon plasma energy used for coagulation; sound energy such as ultrasound energy and subsonic sound
energy; light energy such as laser light energy, infrared light energy and visible light energy; chemical
energy; thermal energy such as heat or cryogenic energies; mechanical energy such as mechanical energy
delivered by one or more cutting and/or abrading elements; and combinations of these. Energy delivered
may be electromagnetic energy selected form the group consisting of: non-ionizing energy; ionizing
energy; non-plasma forming energy; plasma forming energy; and combinations of these. Electromagnetic
energy may be delivered to remove tissue, ablate tissue, shrink tissue, modify tissue and/or provide
hemostasis. The system may include a saline delivery assembly constructed and arranged to deliver
saline solution proximate the target tissue during energy delivery. Energy delivered may be laser energy,
such as laser energy selected from the group consisting of: CO2 Laser; KTP Laser; Er:YSGG Laser;
Er:glass; Ho:YAG Laser; Ho:YSGG laser; nd:YAG Laser; Nd:YSGG; Nd:doped Laser; Semiconductor
Laser; Excimer Laser; Xenon Chloride Laser; Argon Fluoride Laser; and combinations of these. Laser
energy may be delivered from a laser sclected from the group consisting of: a rare carth doped crystal
laser; an argon or krypton gas laser; a liquid laser such as a dye laser; and combinations of these.
Chemical energy delivered may be in the form of a chemical pecling agent delivered to target tissue, such
as an agent selected from the group consisting of: an acid; phenol; phenol/croton; and combinations of
these. Agents may be delivered through an outlet port, such as an outlet port selected from the group
consisting of: a nozzle; an opening; a membrane; and combinations of these. Delivered agents may be
configured to be absorbed by one or more forms of energy, such as a chromophore configured to support

photodynamic and/or ultrasonic energy delivery. The delivered agent may comprise a dye. Heat energy
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may be delivered to treat the target tissue, such as via a hot fluid filled balloon such as a conformal
balloon. The hot fluid may be a fluid selected from the group consisting of: water; saline; glycerin;
steam; and combinations of these. Heat energy may be delivered by a heating and/or heatable component
such as a cage; a cutter; a wire; and combinations of these. Heat energy may be applied in a first energy
delivery and a second energy delivery, such as when the first energy delivery is performed at a higher
temperature than the second energy delivery. Heat energy may be delivered by magnetic particles such as
particles heated by an MRI field and/or particles configured to bind to tissue such as duodenal tissue.
Cryogenic energy may be delivered to treat the target tissue, such as when the system includes a
cryogenic source selected from the group consisting of: C02; argon; nitrous oxide; liquid nitrogen; and
combinations of these. Mechanical energy may be delivered to tissue, such as via a mechanical abrader
comprising one or more of: a balloon with a surrounding abrasive mesh; a balloon with embedded
abrasives; and a mechanical abrader configured to remove tissue. Mechanical abraders may be
configured to rotate and/or translate, such as via a motion assembly of the system. Target tissue may be
treated by a fluid jet, such as a fluid jet constructed and arranged to deliver a fluid selected from the group
consisting of: water; air; CO,; steam; and combinations of these. A water jet may be configured to
remove target tissue and/or to cause the target tissue to become non-functional, such as to reduce, prevent
or modify cellular secretions of the target tissue. Two or more different forms of energy may be
delivered, by one or more energy delivery elements. Two more more different forms of energy may be
delivered simultaneously and/or sequentially. Energy may be delivered with a treatment element in
contact with target tissue, such as when configured as a hot liquid filled balloon or an assembly including
one or more radiofrequency electrodes. Alternatively or additionally, energy may be delivered with a
treatment element separated from target tissue by a gap comprising liquid or air, such as when configured
as a laser delivery element or a high intensity ultrasound energy delivery element. An energy delivery
conduit such as a wire or optical fiber may be configured to transmit energy to a treatment clement. A gel
may be included to improve transfer of energy to tissue, such as a gel positioned on or near a treatment
element. The gel may comprise a gel selected from the group consisting of: a thermally conductive gel;
an electrically conductive gel; an optically transmissive gel; and combinations of these. The treatment
element may be constructed and arranged to deliver energy to target tissue via sonophoresis and/or
iontophoresis.

[034] A sensor may be used to measure energy delivery or other parameters, such as a sensor
comprising one or more sensors constructed and arrange to provide a signal. In some embodiments, a
sensor is used to treat tissue with closed loop energy delivery such as a sensor providing a signal
representing: amount of energy delivered; cumulative amount of energy delivered; depth of energy
penetration; depth of resultant treatment; tissue temperature; tissue physical characteristics such as color;
and combinations of these. The sensor may comprise a temperature sensor and/or an impedance sensor,
constructed and arranged to regulate energy delivery such as radiofrequency energy delivery. The sensor

may comprise a sensor configured to provide information related to tissue thickness, such as an image
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sensor such as an ultrasound sensor, an OCT sensor and/or an OCDR sensor. The sensor may comprise a
sensor configured to provide energy delivery information, such as depth of energy delivery information.
The sensor may be mounted to the clongate tube and/or the treatment clement, such as an expandable
treatment clement. The sensor may be positioned to contact a tissue wall, such as a duodenal tissue wall.
The sensor may be positioned to penectrate or otherwise reside within a layer of tissue, such as to reside
within a layer of submucosal tissue, such as during a submucosal injection procedure to measure one or
more of temperature, flow rate and pressure. The system may include an Electromyographic sensor, such
as when the system is constructed and arranged to deliver energy based on electromyography of the
muscularis mucosa. The system may include a calorimetry sensor and/or a serum level sensor. The
system may include an imaging sensor, such as when the system is constructed and arranged to quantify a
change in tissue color such as villi tissue color.

[035] The elongate tubes of the present inventive concepts may be inserted into a body lumen such or
body cavity, such as a body location selected from the group consisting of: gastrointestinal tract;
esophagus; stomach; pylorus; duodenum; jejunum; lung; bladder; nasopharynx; bladder; colon; airway;
oral cavity; and combinations of these. The elongate tubes may further be configured for insertion into a
body access device, such as an endoscope, a laparoscopic port; a transgastric access device, o a vascular
introducer, such as by being front loaded o back loaded. The elongate tubes may be rotated and may have
one or portions such as a distal portion deflected, such as via a pull wire connected to a control mounted
on a proximal handle an insertable curved mandrel such as a mandrel constructed of shaped memory
material configured to change shape as it transitions from room temperature to body temperature, and/or
another deflection assembly. The deflection assembly may be configured to cause or otherwise improve
contact of a treatment element with target tissue. Multiple elongate tubes may be included, such as a first
elongate tube including a first treatment element, and a second elongate tube including a second treatment
element. The second elongate tube may be slidingly received by the first elongate tube, or it may be
placed alongside the first clongate tube.

[036] One or more expandable elements may be included in the system and devices of the present
invention, such as an expandable element mounted to an elongate tube. The expandable elements may be
used to expand and make contact with tissue, such as to circumferentially contact the inner wall of a body
lumen such as a portion of the gastrointestinal tract. Expandable elements may comprise an expandable
balloon or cage, and one or more treatment elements may comprise the expandable element and/o be
mounted to the expandable clement. The expandable elements may be pressurized, such as to apply a
varying force to tissue. Varied applied force may be used to vary treatment to tissue, such as to vary
contact of an electrode or hot fluid balloon to tissue thus modifying amount of treatment, depth of
treatment, force of treatment, impedance of an electrode with tissue, and combinations of these.

[037] One or more numerous forms and types of sensors may be included in the systems, devices and
methods of the present inventive concepts. Sensors may be mounted to an elongate tube, a treatment

clement and/or a radially expandable clement. Sensors may include but are not limited to: heat sensors
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such as thermocouples; impedance sensors such as tissue impedance sensors; pressure sensors; blood
sensors; optical sensors such as light sensors; sound sensors such as ultrasound sensors; electromagnetic
sensors such as electromagnetic ficld sensors; and combinations of these. Treatment may be monitored
based on one or more signals received from one or more sensors. Sensors may be positioned in, on or
proximate to tissuc such as target tissue. Sensors may provide patient parameter information, such as
information sclected from the group consisting of: temperature information such as tissue temperature
information or treatment clement temperature; impedance information such as tissue impedance
information; pressure information; blood flow information; blood sugar levels; insulin levels; glucagon
levels; GIP, GLP-1, GLP-2 and/or other gastrointestinal hormone levels; and combinations of these. The
sensor may comprise an image sensor, such as an image sensor providing information about a change in
tissue color. Imaging sensors can be configured to produce an image selected from the group consisting
of: image tissue thickness; image tissue vascularity; image ice ball found in cryogenic energy delivery;
and combinations of these. Imaging sensors may be selected from the group consisting of: X-Ray such as
fluoroscopy; CT imaging; MRI; Ultrasound imaging; Molecular Imaging; Nuclear Imaging such as
Nuclear imaging with or without glucose tolerance testing; OCT; Spectroscopy such as Tera-Hertz
spectroscopy; and combinations of these.

[038] One or more functional elements may be included in the systems, methods and devices of the
present inventive concepts. A functional element may be mounted to an elongate tube, such as a
functional element selected from the group consisting of: a sensor; a transducer; a vacuum port; a
visualization element or device such as an ultrasound crystal or an optical assembly; and combinations of
these. A vacuum pot may be configured to remove tissue and/or to bring at least a portion of the system
into contact with tissue, such as to bring the elongate tube and/or a treatment element in contact with
tissue. A system functional element may comprise a visualization device, such as a visualization device
selected from the group consisting of: visible light camera; ultrasound imager; optical coherence
tomography imager; and combinations of these.

[039] A body lumen pressurization assembly may be included such as to deliver a pressurization
fluid. The pressurization fluid may be delivered through a lumen, such as a lumen of an endoscope or an
elongate tube. The pressurization assembly may comprise a source of pressurized fluid such as
insufflation fluid comprising a liquid and/or a gas, such as a liquid and/or a gas configured to distend a
body lumen such as a lumen of the gastrointestinal tract. One or more occlusive elements, such as a
balloon mounted to an elongate tube, may be included to limit migration of pressurization fluid (e.g.
maintain pressure in a lumen such as the duodenum). Insufflation pressures may be maintained at a
pressure greater than 0.5 cm of H,0 and less than 15 cm of H,0. The system may include a second
clongate tube configured to deliver the pressurization fluid. The second elongate tube may be constructed
and arranged to be slidingly received by a body access device, such as an endoscope constructed and

arranged t slidingly receive both the first clongate tube and the second clongate tube.
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[040] A body access device may be included, such as an endoscope configured to receive an elongate
tube comprising a treatment element. An imaging device may be included, such as: a body inserted
visualization device such as a visible light camera integral to or inserted into an endoscope, an ultrasound
imager; and/or an OCT imager. Alternatively or additionally, an external visualization device may be
included such as: an X-ray; a fluoroscope; an ultrasound image; an MRI; a PET Scanner; and
combinations of these.

[041] An energy delivery unit may be included, such as a unit configured to deliver one or more
forms of energy. Energy may comprise closed loop energy delivery, such as closed loop delivery based
on tissue temperature or tissue impedance. A controller and user interface may be included such as to
enter one or more system input parameters or to view one or more system output parameters. System
input parameters may include but are not limited to: type of energy to be delivered such as RF energy,
thermal energy and/or mechanical energy; quantity of energy to be delivered such as a cumulative number
of joules of energy to be delivered or peak amount of energy to be delivered; types and levels of
combinations of energies to be delivered; energy delivery duration; pulse width modulation percentage of
energy delivered; number of reciprocating motions for an abrasive device to transverse; temperature for a
treatment element such as target temperature or maximum temperature; insufflation pressure; insufflation
duration; and combinations of these. System input parameters may include but are not limited to a pre-
procedural or peri-procedural parameter selected from the group consisting of: mucosal density and/or
thickness; mucosal “lift” off of submucosa after a submucosal injection; longitudinal location of target
tissue within the GI tract; and combinations of these. System output parameters may include but are not
limited to: temperature information such as tissue and/or treatment element temperature information;
pressure information such as balloon pressure information or insufflation pressure information; force
information such as level of force applied to tissue information; patient information such as patient
physiologic information recorded by one or more sensors; and combinations of these. The user may be
constructed and arranged to initiate, moderate and/or cease treatment delivered by the treatment element,
such as energy delivery treatment delivered by the treatment element.

[042] A motion transfer assembly may be included, such as to rotate and/or translate the elongate
tube and/or one or more treatment elements. In some embodiments, a tissue abrader is rotated and
translated during tissue treatment. In some embodiments, a light energy delivery element such as a laser
or ultrasound energy delivery element is rotated and/or translated during tissue treatment. The motion
transfer assembly may be motor driven or hand driven by an operator of the system, and may be
configured to simultancously rotate and/or translate one or more treatment elements. The motion transfer
assembly may move one¢ or more energy delivery elements in a reciprocating motion.

[043] A protective cap may be included to protect non-target tissue from undesired effects, such as a
cap placed in, on or near the Ampulla of Vater and/or the Sphincter of Oddi. The protective cap may be

constructed and arranged to be removed within twenty four hours of placement in the patient.

11-



WO 2012/099974 PCT/US2012/021739

[044] A tissue expanding device may be included such as a tissuc expanding device configured to
deliver expansion fluid to tissue such as the submucosal layer of the duodenum. The tissue expanding
device may include a water jet or deployable needle configured to introduce fluid into the tissue to be
expanded.

[045] A tissue manipulating device may be included, such as a radially expandable tissue
manipulating device comprising an clement selected from the group consisting of: an inflatable balloon;
an expandable cage; a deployable arm such as radially deployable arm; and combinations of these. A
tissue manipulating device may comprise two or more expandable clements such as expandable balloons
or cages that are expanded to contact tissue, and axially advanced or retracted to apply forces to tissue.
The tissue manipulating device may perform a function selected from the group consisting of: axial
straightening such as straightening of the duodenum or other intestinal tissue; tensioning such as axial
and/or radial tensioning; thickness expansion such as expansion of the submucosa of the intestine with an
injected fluid (e.g. injected liquid or gas); applying an axial force to tissue; applying opposing axial forces
to tissue; applying a radial force to tissue; compressing tissue such as compressing the villi of the
duodenum; inducing localized edema or angioedema; expanding the duodenum radially such as to reduce
the protrusions of plicae circulares and prevent or reduce under treatment of plicae due to folding over of
those plicae by a treatment element; and combinations of these. In some embodiments, two radially
expandable clements are mounted to two separate elongate tubes configured to be independently
advanced and retracted. A second elongate tube may be slidingly received by the first elongate tube.
Alternatively, the first elongate tube and the second elongate tube may be configured in a side-by-side
arrangement. In some embodiments, the tissue manipulating device comprises an insufflation device.
The tissue manipulating device may comprise one or more tissue penetrating elements.

[046] An agent may be included such as a pharmaceutical or other agent selected form the group
consisting of: antibiotics; steroids; mucosal cytoprotective agents such as sucralfate; proton pump
inhibitors or other acid blocking drugs; and combinations of these. The agent may be delivered to the
patient systemically or at a specific anatomical site.

[047] A procedure completion algorithm may be included such as a time based or action based
algorithm configured to indicate when a target tissue treatment is complete, or treatment of a portion of
target tissue has been adequately treated. The algorithm may be based on a parameter selected from the
group consisting of: a time duration has elapsed; an energy level is achieved; a power level is achieved; a
level of energy has been delivered such as a pre-determined number of joules of RF energy; a number of
mechanical cycles such as a set of reciprocating motions has been achicved; a tissue change has occurred
such as a color change, a texture change or other visual change has occurred; tissue impedance and/or a
change is tissue impedance has reached a threshold; a temperature and/or a change is temperature such as
a temperature and/or change of tissue temperature has reached a threshold; blood flow and/or a change in
blood flow has reached a threshold; a serum hormone level and/or a change in a serum hormone level has

reached a threshold; blood sugar level and/or a change in blood sugar level has reached a threshold;
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submucosal connective tissue is exposed such as when detected by visual inspection or chemical and/or

biological detection mechanisms; and combinations of these.

[048] According to another aspect of the invention, a method for treating a patient comprises
providing a system including a treatment clement, and treating target tissue with the treatment clement.
The system further comprises an clongate tube with a distal portion, and the treatment clement is
positioned on the clongate tube distal portion. The patient is typically treated for a discase selected from
the group consisting of: Diabetes; Type-1 Diabetes; Type-2 Diabetes; hypercholesterolemia; a metabolic
syndrome; disease; celiac disease; obesity; cancer such as bronchoalveolar carcinoma; cystitis; and
combinations of these. The system may include one or more of the embodiments listed hereabove, singly
or in combination. In some embodiments, a tissue expansion step is performed, such as an injection of
fluid into the submucosal space when the target tissue includes mucosal tissue.

[049] The method may further comprise implanting a chronic implant, such as an implant selected
from the group consisting of: stent; a sleeve; and a drug delivery device such as a coated stent, a coated
sleeve and/or an implanted pump; and combinations of these.

[050] The method may comprise treating tissue such that the new tissue that replaces the treated
target tissue functions differently than the pre-treated target tissue. Functional changes may include a
change in the types of secretions and/or quantities of secretions from the pre-treated mucosal tissue, such
as to treat diabetes and/or obesity. Functional changes may comprise different absorptive properties than
the pre-treated tissue.

[051] The method may comprise treating target tissue comprising mucosa of the duodenum, such that
the mucosal tissue that replaces the treated mucosa functions differently than the pre-treated mucosal
tissue. Replacement mucosal cells may have migrated from one or more of: gastric mucosa and jejunal
mucosa. Replacement mucosal cells may exhibit different functions than the pre-treated mucosal cells.
[052] The method may comprise treating tissue such that the new tissue that replaces the treated
target tissue has different absorptive properties than the pre-treated target tissue. Changes to absorptive
properties can be made to treat one or more patient diseases of conditions including but not limited to
hypercholesterolemia, such as when the treated target tissue comprises terminal ileum tissues and/or when
the replacement tissue exhibits different cholesterol absorption properties than the pre-treated target
tissue.

[053] The method may avoid damage and/or otherwisc adversely affecting non-target tissue, such as
non-target tissue selected from the group consisting of: tunica serosa of the intestine; the Ampulla of
Vater; pancreatic tissue; the tunica muscularis of the intesting; the outermost partial layer of the
submucosa of the intestine; bile duct tissue; the pylorus; tissue of a body organ; the Sphincter of Oddi;
and combinations of these.

[054] The method may treat target tissue comprising a first portion and a second portion. The first

portion may be treated simultancously with the treatment of the second portion, or sequentially. The first
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tissue portion may overlap tissue of the second tissue portion. The first tissue portion may be adjacent to
the second tissue portion. The first tissuc portion and second tissue portion may comprise adjacent partial
circumferential tissue portions.

[055] The method may comprise a first tissue treatment and a second tissue treatment, similar or
dissimilar to the first tissue treatment. Tissue treatment differences may include but are not limited to:
target tissue arca treated; target tissue depth treated; target tissue circumferential portion treated; energy
delivery type; energy delivery rate and/or amount; and combinations of these.

[056] Treatment of the target tissue may comprise a cellular modification of the tissue selected from
the group consisting of’ cell death; apoptosis; instant cell death; cell necrosis; denaturing of cells; removal
of cells; and combinations thereof. Treatment of the target tissue may comprises one or more of: removal
of target tissue cells; initiation of an inflammatory response; and combinations of these. Treatment of
target tissue may comprise one or more of: making the target tissue cells non-functional; altering cellular
secretions of the target tissue cells such as to prevent cellular secretions; and altering the autocrine and/or
paracrine signaling of the target tissue cells.

[057] Treatment of target tissue may cause cells of the target tissue to be replaced, such as
replacement by cells with different cellular function such as different cellular secretions.

[058] Treatment of target tissue may result in an acute change such as a change that occurs within
twenty four hours of treatment. Alternatively or additionally, treatment of target tissue may occur of an
extended period of time, such as a time period greater than twenty four hours or a time period greater than
one week.

[059] The method may further comprise selecting the target tissue to be treated. The selection may
be based on the patient disease or disorder to be treated, such as a disease or disorder selected from the
group consisting of: diabetes including Type-1 and Type-2 diabetes; hypercholesterolemia; a metabolic
syndrome and/or disease; celiac disease; obesity; cancer such as bronchoalveolar carcinoma; cystitis; and
combinations of these. The target tissue selected may be based on a patient anatomical or physiologic
condition, such as an anatomical or physiologic condition selected from the group consisting of:
hyperglycemic hyperosmolar state; diabetic ketoacidosis; insulin resistance; pre-diabetes;
hypertriglyceridemia; and combinations of these. The target tissue selected may be based on the gross
anatomical and/or functional borders of the target tissue. In some embodiments, the target tissue is based
on the functional borders between the duodenum and adjacent tissue of the gastrointestinal tract. In some
embodiments, the target tissue is based on the functional borders between the four parts of the duodenum.,
[060] Target tissue may comprise treatment tissue whose treatment causes a desired therapeutic
effect. Target tissuc may further comprise a safety margin of tissue comprising tissue proximate the
treatment tissue, wherein the safety margin tissue is minimally affected by the tissue treatment, such as
safety margin tissue comprising a partial layer of submucosa when the treatment tissue comprises

mucosal tissue.
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[061] In some embodiments, target tissue comprises at least a portion of the duodenum, typically at
lcast a portion of the mucosal layer of the duodenum. The target tissue may comprises at lcast a
circumferential portion of an innermost mucosal partial layer along at least a segment of the duodenum.,
such as target tissuc comprising tissue sclected from the group consisting of: at least a circumferential
portion of the innermost mucosal partial layer along the full length of the duodenum; a full
circumferential portion of the innermost mucosal partial layer; a full circumferential portion of the
innermost mucosal partial layer along the full length of the duodenum; the stem cells at the base of the
crypts; the transit amplifying cells; and combinations of these. The target tissue may comprise a full
circumferential portion of the mucosal layer along at least a segment of the duodenum, typically spanning
the majority of or the full length of the duodenum. In addition to duodenal mucosa, the target tissue may
comprise at least a portion of the submucosal layer, such as at least a circumferential portion of an
innermost submucosal partial layer along at least a segment of the duodenum. Submucosal target tissue
may comprise tissue selected from the group consisting of: at least a circumferential portion of the
innermost submucosal partial layer along the full length of the duodenum; a full circumferential portion
of the innermost submucosal partial layer; a full circumferential portion of the innermost submucosal
partial layer along the full length of the duodenum; and combinations of these. Target tissue may
comprise one or more longitudinal portions of the duodenum, and may include the entire length of the
duodenum Target tissue may comprise a distal portion of the stomach. Target tissue may comprise a
portion of the pylorus contiguous with the duodenum. Target tissue may span tissue between a distal
portion of the stomach and a proximal portion of the jejunum. Target tissue may comprise tissue
spanning from the pylorus to the ligament of Treitz. Target tissue may comprise a least a portion of the
jejumum. The target tissue may comprise a full circumferential portion of the duodenum. Target tissue
may comprise a partial circumferential portion of the duodenum, such as a partial circumferential portion
of the duodenum proximate the Ampulla of Vater and/or the pancreas. Treatment of duodenal tissue may
be performed to treat a disease or disorder selected from the group consisting of: diabetes; obesity; insulin
resistance; a metabolic disorder and/or disease; and combinations of these. Treatment of target tissue
including duodenal tissue is typically accomplished leaving the duodenum anatomically connected after
freatment.

[062] The target tissue may include a depth comprises a full tissue layer, such as a full mucosal layer
and/or a full submucosal layer. The target tissue may include a depth comprising a partial tissue layer,
such as a partial submucosal layer comprising at least one percent of the full submucosal depth, at least
twenty five percent of the full submucosal depth, or at least fifty percent of the full submucosal depth.
The target tissue may comprise a depth, a length and a width, and the depth may remain relatively
uniform along a majority of the length and the width. Alternatively, the target tissue may comprise a
depth, a length and a width, and the depth may vary along the length and/or the width. Varied depth
target tissue treatment may be performed in multiple treatment steps, such as multiple steps comprising

different energy levels and/or duration of treatment.
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[063] In some embodiments, the target tissue comprises at least a portion of terminal ileum tissue
extending into the proximal ileum and/or the colon, such as to treat hypercholesterolemia and/or diabetes.
[064] In some embodiments, the target tissue comprises at least a portion of the gastric mucosa, such
as when the target tissue compriscs tissue that produces ghrelin and/or other appetite regulating hormones
and/or when the target tissue treatment is performed to treat an appetite disorder.

[065] In some embodiments, the target tissue comprises bladder wall tissue, such as when the target
tissue treatment is performed to treat a disease or disorder selected from the group consisting of:
interstitial cystitis; bladder cancer; bladder polyps; pre-cancerous lesions of the bladder; and
combinations of these.

[066] In some embodiments, the target tissue comprises tissue selected from the group consisting of:
large and/or flat colonic polyps; margin tissue remaining after a polypectomy; and combinations of these,
such as when the target tissue treatment is performed to treat cancer cells such as residual cancer cells.
[067] In some embodiments, the target tissue comprises airway lining tissue, such as when the target
tissue treatment is performed to treat a disease or disorder selected from the group consisting of:
bronchoalveolar carcinoma; other lung cancers; pre-cancerous lung lesions; and combinations of these.
[068] In some embodiments, the target tissue comprises at least a portion of the intestinal tract
afflicted with inflammatory bowel disease, such as when the target tissue treatment is performed to treat
one or more of: Crohn’s disease and ulcerative colitis.

[069] In some embodiments, the target tissue comprises tissue of the oral cavity, such as when the
target tissue treatment is performed to treat one or more of: an oral cancer and a pre-cancerous lesion of
the oral cavity.

[070] In some embodiments, the target tissue comprises tissue of the nasopharynx, such as when the
target tissue treatment is performed to treat nasal polyps.

[071] In some embodiments, the target tissue comprises one or more portions of gastrointestinal
tissue selected to treat celiac disease.

[072] In some embodiments, the target tissue comprises one or more portions of gastrointestinal
tissue selected to improve intestinal barrier function.

[073] The method may further comprise advancing, retracting and/or rotating the treatment element.
[074] The method may further comprise radially expanding and/or radially extending the treatment
clement. The treatment clement may comprise and/or be mounted to an ¢lement selected from the group
consisting of: a balloon; a cage; at least one radially deployable arm; and combinations of these. The
target tissue may be treated while the treatment element is in a radially expanded state. The treatment
clement may be configured to radially expand to a diameter of at least 1 cm, or at least 2 cm. Radial
expansion of the treatment clement may be configured to cause blood to migrate away from tissue
proximate the treatment clement. Radial expansion of the treatment clement may be configured to reduce

perfusion of blood in tissue proximate the treatment element. Radial expansion of the treatment clement
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may be configured to compress target tissue, such as when compression of the target tissue is performed
during delivery of energy to target tissue.

[075] The treatment ¢lement may comprisc a deployable cage. The cage may comprise a first
deployable arm with a first mounted electrode and at least a second deployable arm with a second
mounted clectrode. The cage may be expanded to create a full circumferential target tissue treatment (e.g.
ablation) without need to reposition the cage. Alternatively the cage may be repositioned multiple times
to perform a full circumferential tissue treatment.

[076] The treatment ¢lement may comprise an expandable balloon. The balloon may be filled with
fluid at an elevated temperature, such as to deliver heat energy to the target tissue. In one embodiment,
the fluid may be at a temperature between 65°C to 90°C. In another embodiment, the fluid is at a
temperature above 43°C, typically below 100°C. The balloon may be filled with one or more fluids
selected from the group consisting of: air; CO2; saline; and combinations of these. The balloon may
include one or more electrodes, such that electromagnetic energy such as radiofrequency energy can be
delivered to the target tissue from the one or more electrodes. The one or more electrodes may comprise
a flexible electrode. Multiple segmented electrodes may be mounted to the balloon. The treatment
element may be a multiple lobed balloon, such as a multiple lobed balloon filled with fluid at an elevated
temperature and/or a multiple lobed balloon comprising at least one electrode configured to delivery
electromagnetic energy. The treatment element may comprise a second balloon, such as when the
treatment element comprises a first balloon filled with hot fluid and a second balloon configured to
abrade tissue when the second balloon is translated and/or rotated. In some embodiments, the method
includes radially compressing the treatment element, such as radial compression of a balloon, a cage,
and/or a radially compressible arm.

[077] The method may comprise conforming the treatment element to the topography of the target
tissue, such as when the treatment element includes a conformable balloon and/or a conformable cage.
[078] The method may include treating tissue with a second treatment element, such as a second
treatment element mounted to the elongate tube distal portion. Alternatively, a second treatment element
may be mounted to the distal portion of a second elongate tube, such as a second elongate tube slidingly
received by the first elongate tube. The method may include advancing and/or retracting the first
treatment element and/or a second treatment element. The method may include treating target tissue with
a second treatment ¢lement in a different configuration than the treatment performed by the first treatment
element, such as a different form of energy delivery.

[079] Treating of the target tissue may comprise the delivering energy from the treatment element to
the target tissue. The energy delivery may comprise a continuous energy delivery. The energy delivery
may comprise a pulsed energy delivery, such as energy delivered using pulse width modulation and/or
time division multiplexing. The energy delivery may comprise a varied energy delivery such as a varied
delivery selected from the group consisting of: varied forms of energy delivered; varied levels of energy

delivered; energy varied in a single energy delivery application; energy varied between a first energy
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delivery and a second energy delivery; and combinations of these. The system may include an optical
fiber and the method may comprise delivering encrgy through the optical fiber. The system may include
a gel configured to improve transfer of energy to tissue, such as a gel selected from the group consisting
of: thermally conductive gel; electrically conductive gel; optically transmissive gel; and combinations of
these.

[080] The target tissue treatment may comprise delivering a first energy delivery to a first portion of
target tissue and a second energy delivery to a second portion of target tissue. The first energy delivery
and the second energy delivery may comprise the same or different forms of energy. The first energy
delivery may be delivered with a first set of energy delivery parameters and the second energy delivery
may be delivered with a second, different set of energy delivery parameters. The two sets of energy
delivery parameters may be sclected based on differences between the first target tissue portion and the
second target tissue portion, such as differences in target tissue thicknesses and/or target tissue proximity
to non-target tissue.

[081] The target tissue treatment may comprise delivering energy in a form selected from the group
consisting of: electromagnetic energy such as radiofrequency and microwave energy; plasma energy such
as argon plasma energy used for coagulation; sound energy such as ultrasound energy; light energy such
as laser light energy, infrared light energy and visible light energy; chemical energy; thermal energy such
as heat or cryogenic energies; mechanical energy such as mechanical energy delivered by one or more
cutting and/or abrading elements: and combinations of these. The energy may be delivered using
sonophoresis and/or iontophoresis. The energy may be delivered when the treatment element is in contact
with target tissue. Alternatively, the energy may be delivered when there is a gap (e.g. non-tissue such as
a gap comprising gas and/or liquid) between the treatment element and target tissue, such as when the
energy delivered is laser energy and/or ultrasound energy.

[082] The target tissue treatment may comprise delivering energy in a closed loop energy delivery,
such as energy delivered based on signals recorded by one or more sensors of the system. The sensor
may comprise at least one temperature sensor and energy delivery controlled based on one or more
measured temperature readings. The sensor may comprise an impedance sensor and energy delivery
controlled based on one or more measured impedance readings, such as one or more measured tissue
impedance readings. The sensor may comprise a sensor configured to provide tissue thickness readings,
such as a sensor selected from the group consisting of: an ultrasound sensor; an OCT sensor; OCDR
sensor; and combinations of these. Energy delivery may be controlled based on measured tissue
thickness, such as measured target tissue thickness. Energy delivery may be varied based on measured
depth of energy delivery provided by one or more system sensors. Energy delivery may be controlled
based on a parameter selected from the group consisting of: amount of energy delivered; cumulative
amount of energy delivered; depth of energy penctration; depth of resultant treatment; tissue temperature;

tissue physical characteristics such as color; and combinations of these.
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[083] The target tissue treated may comprise a first target tissue portion and a second target tissue
portion. The first target tissue portion may have one or more different characteristics than the second
target tissue portion. Different characteristics include but are not limited to: tissue type such as tissue
layer type; tissue density; tissue thickness; and combinations of these. The first target tissue portion may
receive a different treatment than the second target tissue portion, such as a treatment difference selected
from the group consisting of: energy level; energy delivery duration; tissue temperature during delivery;
and combinations of these. The first target tissue portion may be thinner than the second target tissue
portion and the first target tissue treatment may be different than the second target tissue treatment, such
as a difference selected from the group consisting of: temperature of target tissue portion treatment;
energy level applied during target tissue portion treatment; duration of target tissue portion treatment; and
combinations of these.

[084] The target tissue treatment may comprise delivering electromagnetic energy to the target tissue,
such as delivery of radiofrequency and/or microwave energy to the target tissue. Radiofrequency energy
delivered may comprise bipolar and/or monopolar radiofrequency energy, such as energy delivered
through a single electrode and a skin electrode or through energy delivered through an array of electrodes.
The electromagnetic energy may be delivered in a single application of energy to a target tissue portion or
in multiple applications to a target tissue portion. The target tissue may comprise a first layer of tissue
and a second layer of tissue deeper than the first layer of tissue and the system may deliver a first
treatment to the first layer of tissue and deliver a second treatment to the second layer of tissue. The first
energy delivery may comprise a energy delivery that is at a higher temperature, at a higher power level
and/or at a longer duration than the second energy delivery. Delivered electromagnetic energy may be
ionizing or non-ionizing energy delivery. Delivered electromagnetic energy may be plasma forming or
non-plasma forming energy delivery. Electromagnetic energy may be delivered to cause one or more of:
tissue removal; tissue ablation; tissue shrinkage; and hemostasis. Electromagnetic energy may be
delivered in combination with delivery of saline proximate to the target tissue, such as sequential or
simultaneous delivery of saline.

[085] The target tissue treatment may comprise delivering sound energy to the target tissue, such as
sound energy selected from the group consisting of: ultrasonic sound energy; subsonic sound energy; and
combinations of these. The system may include at least one energy delivery element configured to
deliver the sound energy, such as an energy delivery clement comprising a crystal or piczo material.
Multiple energy delivery clements may be configured to deliver high intensity focused ultrasound energy.
[086] The target tissue treatment may comprise delivering light energy to the target tissue, such as
light energy sclected from the group consisting of: laser energy; infrared energy; visible light energy; and
combinations of these. Delivered laser ernergy may comprise energy delivered by a laser selected from
the group consisting of: CO2 Laser; KTP Laser; Er:YSGG Laser; Er:glass; Ho:YAG Laser; Ho:YSGG
laser; nd:YAG Laser; Nd:YSGG; Nd:doped Laser; Semiconductor Laser; Excimer Laser; Xenon Chloride
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Laser; Argon Fluoride Laser; a rare carth doped crystal laser; an a gas laser such as an argon or krypton
gas laser; a liquid laser such as a dyec laser; and combinations of these.

[087] The target tissue treatment may comprise delivering an agent and/or chemical energy to the
target tissue. In some embodiments, the target tissue is treated with a chemical pecling agent, such as an
agent sclected from the group consisting of: an acid; phenol; phenol/croton; and combinations of these.
The system may include an outlet port for delivering the agent to the target tissue, such as an outlet port
selected from the group consisting of: a nozzle; an opening; a membrane; and combinations of these. The
delivered agent may be used to improve or enable the delivery of energy to target tissue, such as when the
agent is absorbed by one or more forms of energy and/or when the agent comprises a chromophore
configured to support photodynamic and/or ultrasonic energy delivery. The agent may comprise a dye.
[088] The target tissue treatment may comprise delivering heat energy to the target tissue, such as
heat energy delivered from a treatment element comprising a hot fluid filled balloon, such as a
conformable balloon filled with hot fluid. The hot fluid may comprise a fluid selected form the group
consisting of: water; saline; glycerin; steam; and combinations of these. The treatment element may
comprise a heatable component such as a heatable component selected from the group consisting of: a
cage; a cutter; a wire; and combinations of these. The target tissue treatment may comprise a first energy
delivery and a second energy delivery, such as a first energy delivery at a first temperature and a second
energy delivery at a second temperature. The system may include magnetic particles configured to
delivery heat energy, such as when exposed to a magnetic field such as a magnetic field produced by an
MRI. The magnetic particles may be configured to bind to tissue, such as magnetic particles configured
to bind to duodenal tissue.

[089] The target tissue treatment may comprise delivering cryogenic energy to the target tissue, such
as when the system includes a cryogenic source such as a source of one or more of: C02; argon; nitrous
oxide; and liquid nitrogen.

[090] The target tissue treatment may comprise delivery of mechanical energy to the target tissue
such as via an energy delivery element selected from the group consisting of: a cutting balloon; a cutting
cage; an expandable element with an abrasive coating and/or an abrasive surface treatment; and
combinations of these. The system may further comprise a motion transfer assembly such that the
treatment element may be rotated and/or translated to deliver the mechanical energy, such as in a
reciprocating motion.

[091] The target tissue treatment may be delivered by at least one energy delivery clement of the
system, such as an energy delivery clement sclected from the group consisting of: an clectrode; a crystal;
a cutting surface; and combinations of these. The system may include at least three energy delivery
clements, such as three or more energy delivery clements positioned in an array, such as a radially
expandable array.

[092] The target tissue treatment may comprise mechanically abrading the target tissue. The

treatment clement delivering the mechanical abrasion may comprise one or more of: a balloon with a
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surrounding abrasive mesh; a balloon with one or more embedded abrasives; and a balloon or other
radially expandable clement configured to remove tissue. The system may include a motion assembly
used to rotate and/or translate one or more treatment clements to mechanical abrade the target tissue.
[093] The target tissue treatment may comprise application of a fluid jet, such as a fluid jet delivering
one or more of water; air, CO,, and steam. The fluid jet treatment is typically configured to cause the
target tissue to be removed or otherwise become non-functional.

[094] The target tissue treatment may comprise delivering at least two forms of energy. The system
may include a first treatment clement for delivering a first form of energy and a second treatment clement
for delivering the second form of energy. The two forms of energy may be delivered simultancously or
sequentially. The first form of energy may be delivered to a first target tissue portion and the second
form of energy may be delivered to a second target tissue portion. In one embodiment, the first form of
energy comprises mechanically abrading the target tissue. The second form of energy may comprise
delivery of heat energy from a hot fluid balloon and/or delivery of electromagnetic energy such as
radiofrequency energy.

[095] The method may further comprise inserting the elongate tube distal portion into a body lumen
and/or body cavity of a patient. The body lumen and/or body cavity may be a location selected from the
group consisting of: gastrointestinal tract; esophagus; stomach; pylorus; duodenum; jejunum; lung;
bladder; nasopharynx; colon; airway; oral cavity; and combinations of these.

[096] The method may further comprise inserting a least a portion of the elongate tube through a
working channel of a body access device, such as a body access device selected from the group consisting
of: an endoscope; a laparoscopic port; a transgastric access device; a vascular introducer; and
combinations of these. The at least a portion of the elongate tube may be front-loaded or back-loaded into
the body access device.

[097] The method may further comprise advancing, retracting and/or rotating the elongate tube distal
portion, such as to advance, retract, and/or rotate one or more treatment elements of the elongate tube.
[098] The method may further comprise deflecting the elongate tube distal portion, such as by
activating a deflecting assembly of the system. The deflecting assembly may comprise a pull wire which
is retracted or advanced, or a curved mandrel which is inserted and may comprise a shaped memory
material configured to change shape as it transition to body temperature. The elongate tube distal portion
may be deflected to cause the clongate tube and/or the treatment clement to contact the target tissue.
[099] The method may further comprise advancing, retracting and/or rotating a second c¢longate tube,
such as a second elongate tube slidingly received by the first elongate tube or positioned in a side-by-side
configuration. The second clongate tube may comprise on¢ or more treatment clements.

[0100] The method may further comprise expanding an expandable element, such as an expandable
clement comprising one or more of a balloon, a cage; and a radially deployable arm. The treatment
clement may comprise the expandable element or it may be mounted to the expandable clement. The

method may further comprise expanding a second expandable clement, such as a second expandable
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clement comprising a treatment ¢lement. The expansive force on the first or second expandable element
may be varied, such as to vary the treatment applied to the target tissue, Variation in expansive force may
modify one or more of: energy delivered; depth of treatment; and force applied by a mechanical abrasive
element. Variation in expansive force may cause a variation in electromagnetic energy delivered, such as
to increase radiofrequency energy delivered due to reduced impedance at high expansive forces.

[0101] The method may further comprise obtaining a signal from one or more sensors. One or more
sensors may be mounted to the elongate tube and/or a treatment element. The one or more sensors may
be mounted to an expandable member, and the method may include expanding the member such as to
have a sensor contact tissue. The method may include adjusting the target tissue treatment based on one
or more signals received from the one or more sensors, such as when the one or more sensors include a
sensor selected from the group consisting of: heat sensors such as thermocouples; impedance sensors such
as tissue impedance sensors; pressure sensors; blood sensors; optical sensors such as light sensors; sound
sensors such as ultrasound sensors; electromagnetic sensors such as electromagnetic field sensors; and
combinations of these. The method may comprise adjusting target tissue treatment based on a measured
temperature, such as a temperature sensor mounted in, on or proximate to the treatment element. The
method may comprise positioning the sensor on a tissue wall, such as a duodenal tissue wall. The method
may comprise positioning the sensor within tissue, such as within submucosal tissue as placed during a
submucosal injection procedure. The method may include obtaining patient parameter information from
the one or more sensors. The patient parameter information may comprise information selected from the
group consisting of: temperature information such as tissue temperature information or treatment element
temperature; impedance information such as tissue impedance information; pressure information; blood
flow information; blood sugar levels; insulin levels; glucagon levels; GIP, GLP-1, GLP-2 and/or other
gastrointestinal hormone levels; and combinations of these. The method may comprise adjusting target
tissue treatment based on a temperature and/or impedance reading, such as an adjustment to
radiofrequency energy or hot fluid energy delivery. The method may comprise adjusting target tissue
treatment based on signals received by an Electromyographic sensor, such as signals representing
electromyography of the muscularis mucosa. The method may comprise adjusting target tissue treatment
based on signals from a sensor selected from the group consisting of: a quantitative calorimetry sensor; a
serum level sensor; an imaging sensor such as a sensor configured to produce a signal representative of
tissue color such as villi tissue color; and combinations of these. The method may include adjusting the
target treatment based on signals received from an imaging sensor, such as an imaging sensor producing
signals representative of: image tissue thickness; image tissue vascularity; image ice ball found in
cryogenic encrgy delivery; and combinations of these. The imaging sensor is typically an imaging sensor
selected from the group consisting of: X-Ray such as fluoroscopy; CT imaging; MRI; Ultrasound
imaging; Molecular Imaging; Nuclear Imaging such as Nuclear imaging with or without glucose tolerance

testing; OCT; Spectroscopy such as Tera-Hertz spectroscopy; and combinations of these.
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[0102] The method may further comprise activation of a functional element, such as a functional
clement mounted to the clongate tube and/or the treatment element. The functional element may be an
element selected from the group consisting of: a sensor; a transducer; a vacuum port; a visualization
clement or device such as an ultrasound crystal or an optical assembly; and combinations of these. The
functional element may comprise a vacuum port and the method include applying a vacuum to cause the
treatment element, the clongate tube and/or another portion of the system to come into contact with tissue
such as target tissue. The method may include removing tissue such as previously treated target tissue
through the vacuum port. The functional element may comprise a visualization device, and the method
may further comprise creating one or more images from the visualization device. Typical visualization
devices include but are not limited to: visible light camera; ultrasound imager; optical coherence
tomography imager; and combinations of these.

[0103] The method may further comprise delivering a pressurization fluid via a body lumen
pressurization assembly of the system. One or more fluids, such as a liquid and/or a gas, are delivered to
the patient through a lumen of the elongate tube and/or a lumen of a body access device such as an
endoscope, such as to insufflate (e.g. distend) a body cavity or body lumen such as the duodenum. The
fluid may be delivered through a second elongate tube of the system, such as a second elongate tube
advanced through a body access device such as an endoscope along with the first elongate tube, in the
same or different working channels of the endoscope. An occlusive element of the system may be
expanded, such as to prevent migration of the delivered fluid or otherwise cause the delivered fluid to be
maintained in a particular lumen or body cavity location. The occlusive element is typically mounted to
the elongate tube. Fluid may be delivered and/or maintained at a pressure above approximate 0.5 cm of
H,0. Fluid may be delivered at a pressure below approximately 15 cm of Hy0.

[0104] The method may further comprise placing a body access device of the system into the patient,
such as an endoscope. Alternatively or additionally, a body access device may be inserted into the patient
may include one or more of: a laparoscopic port; a transgastric access device; and a vascular introducer.
The elongate tube may be inserted into the body access device, such as via a front-loading or back-
loading procedure.

[0105] The method may further comprise creating one or more patient images from an imaging device
of the system. The imaging device may be inserted into the patient, such as through a body access device
such as an endoscope. The imaging device may comprise an insertable imaging device selected from the
group consisting of: visible light camera; ultrasound imager; OCT imager; and combinations of these.
The imaging device may comprise an external imaging device such as an imaging device sclected from
the group consisting of: X-ray; a fluoroscope; an ultrasound image; an MRI; a PET Scanner; and
combinations of these.

[0106] The method may further comprise activating an energy delivery unit, such as an energy
delivery unit of the system configured to provide energy to one or more treatment elements. The energy

delivery element may deliver one or more forms of energy in an open loop or closed loop delivery.
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[0107] The method may further comprise activating a controller and/or a user interface. The user
interface may comprise a graphical user interface used to adjust one or more system input parameters.
System input parameters may include a parameter sclected from the group consisting of; type of energy to
be delivered such as RF energy, thermal energy and/or mechanical energy; quantity of energy to be
delivered such as a cumulative number of joules of energy to be delivered or peak amount of energy to be
delivered; types and levels of combinations of energies to be delivered; energy delivery duration; pulse
width modulation percentage of energy delivered; number of reciprocating motions for an abrasive device
to transverse; temperature for a treatment clement such as target temperature or maximum tempcerature;
insufflation pressure; insufflation duration; and combinations of these. The system input parameter may
be a pre-procedural or peri-procedural parameter selected from the group consisting of: mucosal density
and/or thickness; mucosal “lift” off of submucosa after a submucosal injection; longitudinal location of
target tissue within the GI tract; and combinations of these. The method may further comprise displaying
a system output parameter. System output parameters may comprise a parameter selected from the group
consisting of: temperature information such as tissue and/or treatment element temperature information;
pressure information such as balloon pressure information or insufflation pressure imformation; force
information such as level of force applied to tissue information; patient information such as patient
physiologic information recorded by one or more sensors; and combinations of these. The method may
include initiating, moderating and/or ceasing treatment delivered by the treatment element. The method
may include initiating, moderating and/or ceasing energy delivery by the treatment element. The method
may include storing energy delivery information.

[0108] The method may include moving one or more system components, such as the elongate tube
and/or one or more treatment elements, with a motion transfer element. The motion transfer element may
cause one or more system components to rotate and/or translate, such as reciprocating rotation and/o
translation. In some embodiments, a treatment element and/or or system component is rotated and
translated simultancously. In some embodiments, the treatment clement comprises a mechanical abrader
which is rotated and/or translated by the motion. The motion transfer element may comprise a motor
driven element and/or an operator driven element.

[0109] The method may include placing a protective cap in, on or near non-target tissue such as the
Ampulla of Vater and/or the Sphincter of Oddi. The method may include removing the protective cap,
such as within twenty four hours of placement in the patient.

[0110] The method may include causing tissue to expand, such as target tissue or tissuc proximate
target tissue. The tissue expansion may comprise causing tissue to expand with a tissue expansion device
of the system, such as a tissue expansion device configured to expand submucosal tissuc of the
duodenum. The tissue expansion device may comprise one or more needles or water jet nozzles, such as
one or more deployable needles or deployable water jet nozzles configured to deliver tissue expansion

fluid such as saline. Tissue expansion may be performed in multiple locations, such as expansions
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performed prior to and/or during treatment of a first target tissue portion and a seccond target tissue
portion.

[0111] The method may include manipulating tissue, such as with a tissue manipulating device of the
system. The tissue manipulation is typically configured to cause one or more of: axial straightening such
as straightening of the duodenum or other intestinal tissue; tensioning such as axial and/or radial
tensioning; thickness expansion such as expansion of the submucosa of the intestine with an injected fluid
(e.g. injected liquid or gas); applying an axial force to tissue; applying opposing axial forces to tissue;
applying a radial force to tissuc; compressing tissue such as compressing the villi of the duodenum;
inducing localized edema or angioedema; and expanding the duodenum radially such as to reduce the
protrusions of plicae circulares and prevent or reduce under treatment of plicae due to folding over of
those plicae by a treatment element. The method may comprise radially expanding one or more portions
of a tissue manipulating device such as a portion including one or more of: an inflatable balloon; an
expandable cage; and a deployable arm such as radially deployable arm. The method may include
expanding two or more radially expanding portions of a tissue manipulating device. In some
embodiments, a first radially expanding portion is mounted to a first shaft and a second radially
expanding portion is mounted to a second shaft, the second shaft slidingly received by the first shaft.
After expansion to contact tissue such as luminal wall tissue of the duodenum, relative positioning of the
first expanding portion and second expanding portion, can be used to apply forces (e.g. tensioning forces)
to the tissue. The method may include delivering an insufflation fluid, such as through an endoscope
and/or the elongate tube of the system to manipulate tissue (e.g. to distend tissue). The method may
include fully or partially occluding a lumen or body cavity, such as to prevent delivered insufflation fluids
from migrating from an intending location to be distended or otherwise manipulated. The method may
include advancing one or more tissue penetrators, such as to engage tissue and apply one or more forces
to the tissue.

[0112]  The method may further comprise delivering an agent, such as an agent delivered systemically
to the patient. The agent may comprise an agent selected from the group consisting of: antibiotics;
steroids; mucosal cytoprotective agents such as sucralfate; proton pump inhibitors or other acid blocking
drugs; and combinations of these.

[0113] The method may further comprise activation of a procedure completion confirmation algorithm.
The algorithm may comprise a time-based algorithm, such as an algorithm that monitors time that energy
is delivered to target tissue. The algorithm may comprise an action-based algorithm, such as an algorithm
that is based on a parameter selected from the group consisting of: an energy level is achieved; a power
level is achieved; a level of energy has been delivered such as a pre-determined number of joules of RF
energy; a number of mechanical cycles such as a set of reciprocating motions has been achicved; a tissue
change has occurred such as a color change, a texture change or other visual change has occurred; tissue
impedance and/or a change is tissue impedance has reached a threshold; a temperature and/or a change is

temperature such as a temperature and/or change of tissue temperature has reached a threshold; blood
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flow and/or a change in blood flow has reached a threshold; a serum hormone level and/or a change in a
serum hormone level has reached a threshold; blood sugar level and/or a change in blood sugar level has
reached a threshold; submucosal connective tissue is exposed such as when detected by visual inspection
or chemical and/or biological detection mechanisms; and combinations of these.

[0114]  According to another aspect of the invention, a system to treat a discase and/or disorders of a
patient comprises a treatment clement. The treatment clement is constructed and arranged to alter a
region of the gastrointestinal tract, said alteration selected from the group consisting of: cellular
absorptive capacity; cellular hormonal release; and combinations of these.

[0115]  According to another aspect of the invention, a system to treat a discase and/or disorder of a
patient comprises a treatment element and a tissue expansion assembly. The treatment element is
constructed and arranged to treat target tissue and the tissue expansion assembly is constructed and
arranged to expand the target tissue and/or tissue proximate the target tissue.

[0116] According to another aspect of the invention, a method of treating diabetes in a patient
comprises selecting a target area of the patients duodenal to remove and removing the patient’s duodenal
mucosa while leaving the patient’s duodenum anatomically intact with respect ott he patient’s stomach
and jejunum. The target area includes an area of the duodenal mucosa that is contiguous with an area in
at least one of the patient’s jejunal mucosa and gastric mucosa.

[0117]  The method may include eliminating stem cells in the duodenal mucosa.

[0118] The method may include removing the duodenal mucosa by ablating the duodenal mucosa. A
balloon may be provided that includes an ablative element, such as an radiofrequency element, positioned
in the duodenal mucosa to ablate the duodenal mucosa.

[0119] The method may include removing the duodenal mucosa by shaving and/or scraping the
duodenal mucosa. A balloon may be provided that includes a cutting device to cause the shaving and/or
scraping of the duodenal mucosa.

[0120] According to another aspect of the invention, a method of treating diabetes in a patient
comprises removing the patient’s duodenal mucosa and promoting the patient’s jejunal mucosa to grow in
a place of the removed duodenal mucosa. The removal of the patient’s duodenal mucosa is performed
such that the patient’s duodenum remains anatomically intact with respect to the patient’s stomach and
jejunum.

[0121]  The method may include climinating stem cells in the duodenal mucosa.

[0122] The method may include removing the duodenal mucosa by ablating the duodenal mucosa. A
balloon may be provided that includes an ablative element, such as an radiofrequency element, positioned
in the duodenal mucosa to ablate the duodenal mucosa.

[0123] The method may include removing the duodenal mucosa by shaving and/or scraping the
duodenal mucosa. A balloon may be provided that includes a cutting device to cause the shaving and/or

scraping of the duodenal mucosa.
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[0124] The method may include promoting the patient’s jejunal mucosa to grow by providing a barrier
to stomach mucosa, the barrier preventing the stomach mucosa from growing in the place of the removed
duodenal mucosa.

[0125]  According to another aspect of the invention, a method of treating diabetes in a patient
comprises accessing the patient’s bile salts and pancreatic enzymes, the bile salts and pancreatic enzymes
arc unrcacted with food ingested by the patient; and delivering the unrcacted bile salts and pancreatic
enzymes to the patient’s duodenum.

[0126] According to another aspect of the invention, a method of treating diabetes in a patient
comprises accessing the patient’s bile salts and pancreatic enzymes, the bile salts and pancreatic enzymes
are unreacted with food ingested by the patient; preventing the ingested food from reacting with the
patient’s bile salts and pancreatic enzymes; preventing the ingested food from reacting with the patient’s
duodenal mucosa; and delivering the accessed bile salts and pancreatic enzymes to the patient’s jejunum.
[0127]  According to another aspect of the invention, a system for treating diabetes in a patient
comprises a treatment device that removes the patient’s duodenal mucosa such that the removal leaves the
patient’s duodenum anatomically intact with respect to the patient’s stomach and jejunum. The effect of
the treatment is that the patient’s jejunal mucosa is promoted to grow in place of the removed duodenal
mucosa.

[0128]  The treatment device for removing the patient’s duodenal mucosa may be adapted to eliminate
stem cells in the duodenal mucosa.

[0129]  The treatment device for removing the patient’s duodenal mucosa may be adapted to ablate the
duodenal mucosa. The treatment device may comprise a balloon configured to ablate the duodenal
mucosa. The treatment device may use radiofrequency energy. The system may further comprise a
shaving and/or scraping device configured to shave and/or scrape the duodenal mucosa. The shaving
and/or scraping device may comprise a second balloon equipped with a cutting device. The treatment
device may be adapted to create a barrier to stomach mucosa that prevents the stomach mucosa from
growing in the place of the removed duodenal mucosa.

[0130] According to another aspect of the invention, a system for treating diabetes in a patient
comprises a device that accesses the patient’s bile salts and pancreatic enzymes wherein the bile salts and
pancreatic enzymes are unreacted with food ingested by the patient; and a device for delivering the
unreacted bile salts and pancreatic enzymes to the patient’s duodenum.

[0131] According to another aspect of the invention, a system for treating diabetes in a patient
comprises a device for accessing the patient’s bile salts and pancreatic enzymes wherein the bile salts and
pancreatic enzymes are unrcacted with food ingested by the patient; a device adapted to prevent the
ingested food from reacting with the patient’s bile salts and pancreatic enzymes, wherein the ingested
food is preventing from reacting with the patient’s duodenal mucosa; and a device for delivering the

accessed bile salts and pancreatic enzymes to the patient’s jejunum.
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[0132] The inventive concepts described herein, along with the attributes and attendant advantages
thereof, will best be appreciated and understood in view of the following detailed description taken in
conjunction with the accompanying drawings in which representative embodiments are described by way

of example.

BRIEF DESCRIPTION OF THE DRAWINGS
[0133] The advantages of the technology described above, together with further advantages, may be
better understood by referring to the following description taken in conjunction with the accompanying
drawings. The drawings are not necessarily to scale, emphasis instead generally being placed upon
illustrating the principles of the technology.
[0134] Fig. 1 illustrates certain relevant anatomical features of the human gastrointestinal (GI) tract.
[0135] Fig. 2 illustrates a sectional view of the small intestine.
[0136] Fig. 3 illustrates a side sectional view of the distal portion of a system for treating tissue,
according to embodiments of the present inventive concepts.
[0137]  Fig. 3A illustrates potential treatment regions of the gastrointestinal tract, according to
embodiments of the present inventive concepts.
[0138] Fig. 4 illustrates a schematic view of a system for treating tissue, according to embodiments of
the present inventive concepts.
[0139]  Fig. 5 illustrates a flow chart of a method for treating tissue, according to embodiments of the
present inventive concepts.
[0140]  Fig. 6 illustrates a flow chart of a method for treating tissue, according to embodiments of the
present inventive concepts.
[0141] Fig. 7 illustrates a flow chart of a method for treating tissue, according to embodiments of the
present inventive concepts.
[0142] Fig. 8A and 8B illustrate side sectional views of a distal portion of a tissue treatment system
including two tissue manipulating elements, prior to and after applying an axial force to target tissue,
respectively, according to embodiments of the present inventive concepts.
[0143] Fig. 9 illustrates a side sectional view of a distal portion of a tissue treatment system including
an expandable treatment element and two tissue manipulating elements, according to embodiments of the
present inventive concepts.
[0144]  Fig. 10 illustrates side and end views of a distal portion of a tissuc treatment system including
an expandable treatment clement comprising a multiple lobed balloon, according to embodiments of the
present inventive concepts.
[0145]  Fig. 11 illustrates a side view of a distal portion of a tissue treatment system including an
expandable treatment clement comprising a multi-clectrode cage, according to embodiments of the

present inventive concepts.
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[0146] Fig. 12 illustrates a side view of a tissue treatment system including two tissue treatment
clements, a balloon supported mesh abrader and a balloon configured for hot fluid containment, according
to embodiments of the present inventive concepts.

[0147] Figs. 13A and 13B illustrates side sectional views of a target tissue expansion device,
according to embodiments of the present inventive concepts.

[0148] Fig. 14 illustrates a flow chart describing procedural steps for the treatment of diabetes,
according to embodiments of the present inventive concepts.

[0149]  Fig. 15 illustrates a flow chart describing procedural steps for the treatment of diabetes,
according to embodiments of the present inventive concepts.

[0150] Fig. 16 illustrates a flow chart describing procedural steps for the treatment of diabetes,
according to embodiments of the present inventive concepts.

[0151] Fig. 17 illustrates a flow chart describing procedural steps for the treatment of diabetes,
according to embodiments of the present inventive concepts.

[0152]  Fig. 18 illustrates a protective cap for the Ampulla of Vater, according to embodiments of the

present inventive concepts.

DETAILED DESCRIPTION OF THE DRAWINGS
[0153] Reference will now be made in detail to the present embodiments of the inventive concepts,
examples of which are illustrated in the accompanying drawings. Wherever possible, the same reference
numbers will be used throughout the drawings to refer to the same or like parts.
[0154]  The terminology used herein is for the purpose of describing particular embodiments and is not
intended to be limiting of the inventive concepts. As used herein, the singular forms “a,” “an” and “the”

are intended to include the plural forms as well, unless the context clearly indicates otherwise. It will be

LIIN3 LE Y3

further understood that the terms “comprises,” “comprising,” “includes” and/or “including,” when used
herein, specify the presence of stated features, integers, steps, operations, elements, and/or components,
but do not preclude the presence or addition of one or more other features, integers, steps, operations,
elements, components, and/or groups thereof.

[0155] It will be understood that, although the terms first, second, third etc. may be used herein to
describe various limitations, elements, components, regions, layers and/or sections, these limitations,
clements, components, regions, layers and/or sections should not be limited by these terms. These terms
arc only used to distinguish one limitation, clement, component, region, layer or section from another
limitation, element, component, region, layer or section. Thus, a first limitation, element, component,
region, layer or section discussed below could be termed a second limitation, element, component, region,
layer or section without departing from the teachings of the present application.

[0156] It will be further understood that when an element is referred to as being “on” or “connected”

or “coupled” to another element, it can be directly on or above, or connected or coupled to, the other

clement or intervening clements can be present. In contrast, when an element is referred to as being
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“directly on” or “directly connected” or “directly coupled” to another element, there are no intervening
elements present. Other words used to describe the relationship between elements should be interpreted

99 ¢

in a like fashion (e.g., “between” versus “directly between,” “adjacent” versus “directly adjacent,” etc.).
When an clement is referred to herein as being “over” another ¢lement, it can be over or under the other
element, and either directly coupled to the other element, or intervening elements may be present, or the
elements may be spaced apart by a void or gap.

[0157] The treatments performed by the systems, devices and treatment clements of the present
inventive concepts and in the context of cells or tissues (¢.g. a mucosal layer) can refer to the causing of
cell death, apoptosis, instant cell death, cell necrosis, denaturing of cells; removal of cells, and/or other
alteration of cells such that one or more of their secretions (e.g. the secretion of hormones), absorptions,
or other functions is modified or prevented, and/or the treated cells are replaced by new cells that have
different secretions or other functions than the pre-treated cells. These modifications to the target tissue
cells may occur acutely (at the time of application, e.g. over a time period of less than 24 hours) or may
occur over time (e.g. irreversible damage that subsequently results in cell death that typically occurs over
a time period of greater than 24 hours, such as a time period of greater than one week). Other uses of the
term “treatment” will be clear by context in the specification. Treated cells may be removed, such as via
a mechanical abrader or via vaporization by a laser. Treated cells may remain present but be rendered
non-functional. Treated cells, such as those treated by thermal ablation, are damaged by the high or low
temperature exposure. The removal of these damaged cells is mediated by an inflammatory response,
which recognizes the damage cell and removes it. Bacteria, such as bacteria found in the gut, may also
break down and therefore remove damaged cells. Treated cells may also simply slough off from the
intestinal wall and then be excreted by the body.

[0158] The systems, methods and devices of the present inventive concepts may be constructed and
arranged to treat various diseases and disorders including diabetes. Recent studies on the mechanisms of
diabetes causes and control have revealed that the cause and treatment of diabetes could be closely tied to
the gastrointestinal (GI) tract and especially the small intestine. Patients who undergo gastric bypass
surgery realize a reduction of Type-2 diabetes symptoms or a complete resolution of the disease. Some
recent studies therefore suggest that bypassing of the duodenum and/or jejunum may be one method of
treatment for Type-2 diabetes in patients. One theory is based on the concept that the upper intestine of
diabetic patients may be the area where abnormal hormonal signaling is produced, causing or favoring the
development of diabetes. Type-2 diabetes may result from over-secretion of anti-incretins in the
duodenum and jejunum, thereby reducing insulin secretion and blocking the action of insulin. Incretins
arc gastrointestinal hormones that are produced in response to the flow of nutrients and that increase
insulin production. Secretion of incretins increases the secretion and the action of insulin.  Anti-incretins,
however, suppress the secretion and the action of insulin. Type-2 diabetes may result from the over-
secretion of postulated anti-incretins in the duodenum and jejunum, thereby reducing insulin secretion

and blocking the action of insulin. Under this hypothesis, a correct balance between incretins and anti-
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incretins is required to maintain normal glucose levels in the blood. Diabetes results when human cells
become resistant to the action of insulin (causing a condition of “insulin resistance™), and when the
pancreas fails to produce enough insulin to deal with the glucose load experienced by the body.
According to studies, gastrointestinal bypass surgical procedures appear to improve the clinical condition
of patients with Type-2 diabetes by excluding the upper small intestine (including the arcas of duodenum
and proximal jejunum) from the transit of nutrients. This bypass alters the quantity of the hormones
released from the hormone-producing cells of the GI tract (by increasing the production of incretins and
potentially reducing the production of anti-incretins), thereby resulting in the improvement of Type-2
diabetes.

[0159] Portions of the human GI tract relevant to the inventive concepts disclosed herein are illustrated
in Fig. 1. The illustrated GI organs include liver 102, gallbladder 104, common bile duct 108, pancreas
110, pancreatic duct 112, duodenum 114, Ampulla of Vater 118, Sphincter of Oddi 120, and stomach
122. The duodenum 114 is typically approximately 25 cm in length. It takes a C-shaped course around the
head of the pancreas 110 beginning at the pylorus on the right side and ending at the duodenojejunal
junction on the left side where it joins the jejunum. This junction usually takes the form of an acute angle,
the duodenojejunal flexure, which is supported by the Ligament of Trietz (not shown). The ducts 112, 108
delivering bile and pancreatic juice from the liver and pancreas, join close to the duodenum 114 at a
conversion point called the Ampulla of Vater 118 which empties into the duodenum 114 via the duodenal
papilla. The Ampulla of Vater 118 is formed with the union of the pancreatic duct 112 and the common
bile duct 108. The Ampulla of Vater 118 is located about halfway along the second part of the duodenum
114. The Sphincter of Oddi 120 is a valve that controls flow of digestive juices through the Ampulla of
Vater 118 into the second part of the duodenum 114.

[0160] Fig. 2 illustrates a cross section of a small intestine 200. Duodenum 114, as illustrated in Fig.
1, is present in most vertebrates including humans and forms a first portion of the small intestine 200.

The duodenum 114 precedes the jejunum (not shown in the figure), which forms a second section of the
small intestine 200. The duodenum 114 also includes duodenal mucosa 201 that forms an innermost layer
of the duodenum 114, and duodenal submucosa 203 that consists of a layer of connective tissues
supporting the duodenal mucosa. Similar to the duodenal mucosa and submucosa, jejunal mucosa and
jejunal submucosa (not shown) exist along the jejunum.

[0161]  As illustrated in Fig. 2, the small intestine 200 includes intestinal villi 202. Intestinal villi 202
are tiny finger-like projections that extend from the wall of the small intestine 200. The intestinal villi
202 have additional projections called micro villi (not shown). Digested nutrients, including glucose, are
absorbed into the body through the cells of the intestinal villi 202 and are then carried away by the
circulating lymphatics and blood. The intestinal mucosa is composed of several anatomical layers that
have varied architecture, function, and form. In the region of the small intestine 200, the intestinal
mucosa is interdigitated with a lamina propria basal layer. The intestinal mucosa is composed of three

secretory cell types (enteroendocrine, Goblet, and Pancth cells) and one absorptive cell type (the
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enterocyte). Nutrient transport and absorption occurs in the enterocyte and complex signaling occurs
between the various cell types in the mucosa. In particular, the enteroendocrine cells release hormones in
response to the presence or absence of local signals, often triggered by the presence and composition of
nutrients in the lumen. Stem cells at the base of the crypts of the intestinal mucosa give rise to all four of
these cell types and genctically and epigenctically define the behavior and properties of these cells. When
the stem cells divide, they can either give rise to daughter stem cells or to a “transit amplifying”
population of intestinal mucosa cells. The transit amplifying cells divide rapidly and begin to differentiate
into the four cell types above. The enteroendocrine cells, enterocytes, and Goblet cells migrate toward the
lumen of the intestine, whereas the Paneth cells migrate back into the base of the crypt, where they
establish a stem cell niche with the resident stem cells. These cells migrate toward the lumen and
eventually slough into the lumen as they are pushed out by newly dividing cells emerging beneath them.
Because all of the cells of a single crypt-villous structure arise from the stem cells at the base of the crypt,
an important aspect of this rejuvenative and regenerative process is that the phenotype, behavior, and
characteristics of the crypt-villous structure is defined by the properties of the stem cells at the base of its
crypt. In this way, regions of intestinal mucosa with different structures and phenotypes (such as gastric
mucosa versus intestinal mucosa) behave differently (in large part) because of the different differentiation
properties of the stem cells at the base of the gastric and intestinal mucosa, respectively.
Circumferentially, the mucosa of any region of the small intestine is largely similar. However, axially,
there are dramatic differences, as observed by the differences in mucosal properties of the stomach,
duodenum, jejunum, etc.

[0162] The term “Target Tissue” shall include all of the tissue to be treated by the systems, methods
and devices of the present inventive concepts. Target tissue shall also include portions of tissue to be
treated, such as a first portion that is treated before one or more other portions that are treated. Tissue of
the patient, including the target tissue of the patient, may comprise volumes of tissues in various
geometric shapes. Target tissue may include one or more layers of a tubular structure, such as one or
more layers of a tubular portion of the gastrointestinal tract. Target tissue may be defined by a length, a
width, and a depth, or it may be defined by other three dimensional defining parameters. Target tissue
length may comprise a length of a tissue surface, such as the length of a tubular tissue conduit, such as a
length of a portion of duodenum or other gastrointestinal tract tissue. Target tissue width may comprise
the width of a tissue surface, such as a width comprising a circumferential portion of a tubular tissue
conduit, such as a circumferential portion between 1° and 360° of a tubular tissue layer or layers. Partial
circumferential target tissue shall refer to target tissue or portions of target tissue less than 360°. Full
circumferential target tissue shall refer to target tissue or portions of target tissue covering a full
circumference (e.g. 360° of onc or more full or partial layers of the gastrointestinal tract). Target tissue
depth may comprise the depth projection of tissue bencath a tissue surface, such as the depth of tissue
projecting from an inner wall of a tubular tissue conduit such as a depth including at Ieast the full mucosal

layer of the duodenum. Tissue layers may comprise full layers or partial layers or anatomically classified
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tissue layers such as the mucosal and submucosal layers of the gastrointestinal tract. Full layers may
comprise two or more partial layers, such as a submucosal layer of the duodenum that comprises a first
innermost partial layer and a second outermost partial layer. Full or partial layers may have a constant
depth (e.g. thickness) or a depth that varies over the length and or width of the target tissue.

[0163] Inaccordance with an embodiment of the present inventive concepts, duodenal mucosa may be
treated (e.g. removed) while leaving the duodenum 114 anatomically connected (i.¢., intact with respect
to the GI tract). One or more longitudinal portions of the duodenum, typically the entire length of the
duodenum or a substantial longitudinal segment thercof, may be treated. One or more layers of duodenal
tissue may be treated, typically comprising a full circumferential (¢.g. 360°) extent along the surface and
full mucosal layer thickness. In one embodiment, the target tissue comprises a substantial portion of the
full thickness of the mucosa, inclusive of the intestinal villi, the stem cell layer at the base of the mucosa,
and the transit amplifying cells. This target tissue includes a substantially full circumferential and axially
contiguous portion of tubular tissue that extends over a target treatment length of the intestine. The target
tissue volume (defined by the target tissue length, depth and circumferential portion) is selected to
achieve desired therapeutic effects. Treatment of the full thickness of duodenal mucosa (including the
stem cell layer at the base of the mucosa) prevents the local regrowth of mucosa and causes a
modification of the behavior of the cells of the intestinal mucosa within the treatment area. The treatment
of a region of mucosa may alter the function and behavior of both the absorptive cells in a given region of
the intestine as well as the secretory cells of that region. Treatments that modify the behavior of target
tissue may be configured to alter the capacity of that region of intestine from absorbing nutrients from
ingested food. The treatment may also be configured to alter the autocrine and paracrine signaling and/or
secretions to and from enteroendocrine cells in the target region. In one embodiment, the treatment is
configured, for a given region of intestine, to alter the secretions as well as the autocrine and paracrine
signaling communications between absorptive and secretory cells. In another embodiment, the treatment
is configured, for a given region of intestine, to alter the absorptive properties of cells. Numerous other
target tissue locations should be considered within the spirit and scope of this application and may be
chosen as are described in detail herebelow in reference to Fig. 3A.

[0164] Fig. 3 illustrates a side sectional view of the distal portion of a system for treating tissue,
inserted into a body lumen, according to embodiments of the present inventive concepts. System 300 is
constructed and arranged to treat target tissue 10, including one or more tissue portions as described
below in reference to Fig. 3A. System 300 includes elongate device 301 which has been inserted into a
body lumen of a patient, such as the duodenum or other portion of the patient’s gastrointestinal tract.
Elongate device 301 includes shaft 311 with a distal end 312. Shaft 311 is typically a flexible shaft and
may be configured to be inserted through a patient body access device, such as an endoscope, a
laparoscopic port, a transgastric access device, or a vascular introducer. Shaft 311 may be configured to
be front loaded and/or back loaded into an access device such as an endoscope. Back loading may be

used when shaft 311 includes one or more distal components that may not be radially compressible or
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otherwise may not fit within a working channel of an endoscope. Device 301 further includes one or
more tissue treatment clements, such as elements 320 and 321 cach mounted to a distal portion of shaft
311, and cach configured to treat target tissuc as is described in numerous configurations throughout this
application. Shaft 311 has been advanced, rotated and/or otherwise positioned such that treatment
clements 320 and/or 321 are positioned proximate to tissue to be treated, target tissue 10. In one
embodiment, treatment elements 320 and 321 are mounted to two different shafts, second shaft not
shown, but typically coaxial and slidingly engaged with shaft 111 such that trecatment clement 320 and
treatment clement 321 can be independently advanced and retracted. The body lumen may be
pressurized, such as by using one or more standard insufflation techniques and/or a technique as
described in reference to Figs. 5, 8A and 8B herebelow. Insufflation fluid may be introduced through one
or more lumens of shaft 311, not shown but traveling proximally and connecting to a source of
insufflation liquid or gas. Device 301 may have been inserted through an endoscope, not shown but
described in detail in reference to Fig. 4 herebelow, and the insufflation fluid delivered through a lumen
of the endoscope.

[0165] Device 301 may include one or more functional elements, such as functional element 315
mounted to shaft 311 as shown. Typical functional elements include but are not limited to: a sensor; a
transducer; a vacuum port; a visualization element or device such as an ultrasound crystal or an optical
assembly; and combinations of these. In one embodiment, a vacuum port is configured to remove ablated
and debrided tissue. Alternatively or additionally, the vacuum port may be configured to bring shaft 311,
treatment element 320 and/or treatment element 321 in contact with tissue. In another embodiment, a
functional element is a visualization device such as a visible light camera; an ultrasound imager; and/or
an optical coherence tomography visualization device.

[0166] Treatment elements 320 and 321 may be configured to perform similar or dissimilar tissue
treatments. Treatment elements 320 and/or 321 may be configured to deliver multiple independent
treatments such as a mechanical abrasion and another form of energy delivery, performed sequentially or
simultaneously. Multiple independent tissue treatments (e.g. therapies), may be performed to improve
therapeutic results and/or limit adverse events.

[0167] Treatment elements 320 and/or 321 may be expandable, such as by including an expandable
cage, a balloon and/or one or more deployable arms configured to make contact with tissue to be treated,
such as to deliver energy to tissue during contact with that tissue. Treatment elements 320 and/or 321
may comprise conforming or non-conforming structures, such as conforming or non-conforming
balloons. Conforming treatment clements are constructed and arranged to conform to varying topography
of the target tissue and tissue proximate the target tissue. Treatment elements 320 and/or 321 may be
configured to expand or contract, such as when being advanced or retracted within larger and smaller
diameter portions of a lumen. For gastrointestinal applications, treatment clements 320 and/or 321 are
typically configured to expand to at least 1 cm in diameter, more typically at least 2 cm in diameter.

Expansion of treatment clements 320 and/or 321 is typically performed after the distal portion of shaft
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311 has exited a body access device such as an endoscope or laparoscopic port. Treatment elements 320
and/or 321 may be brought into contact with tissue via means other than expansion, such as when the
distal portion of shaft 311 can be radially deflected such as through activation of deflecting element 318.
Deflecting element 318 typically compriscs a pull wire that is tensioned to deflect shaft 311 (e.g. by
activating a lever or other control on the proximal end of device 301) or a curved mandrel inserted into
shaft 311 (e.g. a Nitinol or other shaped memory alloy shaft configured to curve when transitioned from
room temperature to body temperature).

[0168] Treatment clements 320 and/or 321 may be configured to deliver energy through a separation
distance (¢.g. distance between treatment element 320 and/or 321 and target tissuc 10), such as with laser
or ultrasound energy delivered through a gap, such a liquid or a gas between treatment elements 320
and/or 321 and the target tissue 10.

[0169] Energy may be delivered continuously and/or in varying forms and/or levels, so as to achieve
different and/or desired therapeutic results. Energy delivery may be provided in a pulsed manner, such as
by using pulse width modulation and/or time division multiplexing (TDM). Energy delivery may be
varied during a single energy application, such as when an energy delivery element rotates and/or
translates as is described in reference to Fig. 8A herebelow.

[0170] Energy delivery may be provided in a closed loop manner, as is described in detail in reference
to Fig. 7 herebelow. Energy delivery amounts and duration may be based on feedback from one or more
sensors of system 300, such as functional element 315. Sensors may be configured to monitor one or
more system or patient parameters including but not limited to: amount of energy delivered; cumulative
amount of energy delivered; depth of energy penetration; depth of resultant treatment; tissue temperature;
tissue physical characteristics such as color; and combinations of these.

[0171] Treatment elements 320 and/or 321 may be configured to deliver one or more forms of energy.
Typical energies delivered include but are not limited to: electromagnetic energy such as radiofrequency
(RF) and microwave energy; plasma energy such as argon plasma energy used for coagulation; sound
energy such as ultrasound energy; light energy such as laser light energy, infrared light energy and visible
light energy; chemical energy; thermal energy such as heat or cryogenic energies; mechanical energy
such as mechanical energy delivered by one or more cutting and/or abrading elements: and combinations
of these. Treatment elements 320 and/or 321 may be configured to perform iontophoresis such as
irreversible iontophoresis. Treatment elements 320 and/or 321 may be configured to perform
sonophoresis such as irreversible sonophoresis.  Treatment elements 320 and/or 321 may include
multiple energy delivering elements, such as multiple clectrodes (¢.g. RF clectrodes), multiple crystals
(e.g. ultrasound crystals), multiple cutting surfaces, and the like. The multiple energy delivery elements
may be in the form of an array, such as the expandable arrays of hot balloons and RF clectrodes described
in reference to Figs. 10 and 11, respectively, herebelow.

[0172] Electromagnetic energies, such as radiofrequency (RF) and microwave energy, may be

delivered by one or more of treatment clements 320 and 321. Electromagnetic encrgy may be delivered
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through one or more electrodes, such as in a monopolar mode or bipolar mode, described in detail in
reference to Fig. 4 herebelow. Bipolar energy may be used for delivery of energy that needs to be
limited, such as to avoid damage to non-targeted tissue. The use of bi-polar techniques can reduce the
chance of conducting tissue heating in an undesired arca or otherwise preventing flow of current in an
undesired arca. Multiple energy applications may be performed, such as to treat increasingly deeper layer
of tissue. The first, second (and possible subsequent) energy applications may be of different duration or
power levels. The first application may involve higher energy for deeper penctration. A second
application may involve lower energy and may allow greater spatial resolution of energy delivery. One or
both applications may include monopolar delivery, bipolar delivery, or a combination of both. Non-
ionizing radiation may be preferred, although ionizing radiation may be used.

[0173] Electromagnetic energy delivery may be used in the microwave frequency range. Use of
microwave energy may be included when avoiding thermal conductivity to ablate tissue is desired.
Microwave energy may be employed to achieve rapid and directional heating of tissue.

[0174]  Tissue ablation (i.e. tissue removal), tissue shrinkage, and hemostasis can be performed using
electromagnetic energy delivery that can range from low-voltage, non-plasma-forming tissue-heating
conditions (causing tissue coagulation, for example) to higher voltage plasma-forming conditions that can
cut or excise tissue rapidly with minimal necrosis of non-targeted tissue. Saline may be delivered
proximate the target tissue 10 such as to cool one or more electrodes and/or to increase energy delivery
(e.g. improve heating) due to greater conductance. RF energy delivery is typically delivered with a
frequency between 100 kHz to 500 kHz. Non-plasma settings occur at lower voltages, typically below
about 65 volts rms to 125 volts rms.

[0175]  The use of plasma generating technologies may include producing an electric field between a
single or cluster of active electrodes located on the tip of a radiofrequency device and a return electrode
(e.g. an electrode located more proximally on the same device or a skin electrode as described in
reference to Fig. 4 herebelow). In this configuration, current typically flows through an electrically
conductive solution, such as saline, infused proximate the target tissue location. A voltage, typically
150V to 350V is applied between the one or more tip electrodes and the return electrode. This electrical
field interacts with underlying fluid (e.g. saline) to excite electrolytes and molecules in the fluid and
create a high-density energy field called plasma. The plasma field contains energized particles with
sufficient energy to break soft tissue molecular bonds, thus producing conditions that are cffective in
dissolving tissue at relatively low temperatures. The formation of a gas layer is an important process
leading to the plasma-forming conditions. Gas formation at the electrode is the result of an
electrochemical process at the surface of the clectrodes. As a vapor layer forms (and high impedance of
the vapor layer as compared with the saline occurs), the electric ficld across this area increases
dramatically, ionizing and fragmenting the water molecules in the vapor layer and forming the plasma
ficld. This treatment may be applied to treat large tissue surface arcas with lower energy treatments.

Plasma energy may be delivered by one or more of treatment clements 320 and 321.
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[0176] Sound energy such as ultrasound energy or subsonic energy may be delivered by one or more
of treatment elements 320 and 321. Certain ultrasonic devices, e.g., a harmonic scalpel, may be used for
delivery of treatment. Ultrasonic elements may be configured to cause cavitation yielding heating of the
tissue, water to rapidly expand and cells to eventually burst. A piczo element, crystal or other subsonic
and/or ultrasonic transducer may be positioned close to the arca required to be treated and allow for
precise energy delivery and minimized thermal damage to non-target tissue. Treatment elements 320
and/or 321 may comprisc High Intensity Focused Ultrasound (HIFU) delivery elements. In such
embodiments, two or more ultrasound beams may intersect to give a confluence of energy, such as to treat
target tissue below a surface.

[0177] Light energy such as laser light energy, infrared energy and/or visible light energy may be
delivered by one or more of treatment elements 320 and 321. An agent may be applied to the target tissue
and light energy may be delivered to the treated tissue. In one embodiment, the agent comprises an
exogenous chromophore applied topically to the target tissue.

[0178] Laser energy may be delivered by one or more of treatment elements 320 and 321. Any EM
spectrum laser may be used as an energy source. An exemplary laser is a CO; laser. A CO; laser may
ensure high water absorption, such as to minimize undesired thermal damage to tissue. Use of a CO,
laser may also ensure limited hemostasis, avoiding certain sub-mucosal layers to be kept unaffected such
that new mucosa may more rapidly repopulate. 532 or KTP laser (Nd:Yag laser) 532 NM wavelength,
which may be highly absorbed by blood, may be used in highly vascularized tissues. Short pulsing of
laser energy may target vessels without impacting surrounding tissue. The laser may be configured to
treat tissue by removing or otherwise affecting its blood supply. An Erbium:YAG or Erbium:YSGG
laser, and the like (close to 2.94 microns of laser wavelength), may also be used. These lasers may
provide higher water absorption, and may be used with target tissue portions that include thin or shallow
segments, such as in when used for tissue resurfacing when thin layers of cells are removed at a time.
These types of lasers may also result in minimal hemostasis. A pulsed holmium laser such as a 2 micron
laser may be used. These lasers provide high water absorption. Pulsing of these lasers may require large
amounts of input energy. CW lasers of approximately 2 microns may also be used. In one embodiment,
a laser wavelength is chosen that is close to but not equal to the water peak, such as to provide increases
thermal necrosis and increased hemostasis.

[0179]  Generally, a laser having a wavelength that is on a peak or near a peak of the water absorption
curve such as peak at 1.96 microns, peak at 2.94 microns, and peak at 10.6 microns may be chosen.
Based on requirements, a combination of ablation and necrosis (thermal damage) may also be desired.
The combined effect of thermal damage and ablation may be helpful in mitigating infection risk. Diode
lasers of 800 nm, 980 nm, and various other wavelengths between 1300 nm and 2000 nm may be used to
coagulate tissue. Nd:Yag lasers at 1064 nm may also be used to coagulate tissue. The depth of
penetration may depend on the chosen wavelength of the laser. Excimer laser (PRK and Lasic), Xenon

Chloride, and Argon Fluoride may be used for molecular dissociation. These lasers may ensure very
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precise zones of tissue treatment (¢.g. ablation) with no thermal damage to non-target tissue, therecby
achicving clean cuts. Thesc lasers may assist in removal of endothelial layers or other tissue layers such
as to promote rapid re-growth of target tissue layers from the adjacent arcas (e.g. adjacent arcas with
different characteristics). Numerous types of lasers may be used including but not limited to: a rare carth
doped crystal laser; a gas laser such as an argon or krypton gas laser; a liquid laser such as a dyc laser;
and combinations of these.

[0180] Infrared energy may be delivered to treatment clements 320 and/or 321, such as light between
700 nm and 2000 nm in wavelength, or combinations of these wavelengths that may give the desired
tissue treatment. Visible light, approximately 530 nm could also be used. If a narrow waveband is
desired, a non-laser source, such as a xenon lamp typically including a filter, may be included.

[0181] Agents, such as chemicals, and/or chemical energy may be delivered by one or more of
treatment elements 320 and 321. In certain embodiments of the present inventive concepts, chemicals
may used to remove or ablate the target tissue, such as the duodenal mucosa or its stem cells. Chemical
peeling agents such as acids, phenols and phenol/crotons may be delivered by treatment elements 320
and/or 321, such as through a drug delivery element such as a nozzle, an outlet port or a membrane.
Photodynamic therapy (creating a chemical reaction with exposure to light) may be used to activate one
or more agents. Chemical agents can be delivered to enable or improve energy delivery. In one
embodiment, the agent includes a tissue modifying agent, such as a dye or other agent applied to the
target tissue surface or injected into the target tissue. This particular agent may be configured to be
activated during an energy delivery procedure, such as to perform precise ablation of tissue. For example,
target tissue could be stained with a chemical (e.g., methylene blue), and then an energy source could be
used that is preferentially absorbed by that chemical dye. In this embodiment, heating is limited and thus
the treatment area can be precise and limited to the narrow depth of the stained tissue. A chromophore
that may be a target for photodynamic or ultrasound may be employed.

[0182] Thermal energies such as heat energies may be delivered by hot liquid filled balloons;
heatable cages; heated cutters (e.g. scalpels) or wires; and the like. In one embodiment, treatment
element 320 and/or 321 comprise a balloon filled with and/or fillable with hot fluid, such as hot water,
saline or glycerin, or a hot gas such as steam. The balloon may be configured to easily conform to the
target tissue surface. The expansive properties of the balloon allow for a low profile device (e.g. to be
inserted through the lumen of an endoscope), while accommodating expansion into large lumens or other
areas, such as the lumen of the duodenum. Heated and/or cooled fluids can be introduced into treatment
elements 320 and/or 321 such as to create varied heating and cooling treatments for the target tissue.
Precision of tissue treatment may be achieved with a varied temperature approach, such as when system
300 includes one or more temperature sensors monitoring tissue temperature, the temperature of treatment
clements 320 and/or 321, and/or the temperature of a fluid delivered to treatment elements 320 and/or
321. Treatment may include multiple heat application steps, such as multiple steps performed at similar

or dissimilar temperatures.
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[0183] In onec embodiment, magnetic particles are placed in, on or near the target tissue, and magnetic
ficlds arc used to heat the particles to ablate tissue. The particles may be configured as a solution of
nanoparticles and may include a receptor that is expressed only in duodenal tissue. An MRI or other
magnetic field producing device can be used to selectively heat these particles and thus selectively heat
the duodenum 114. Molecular targeting within the duodenum 114 may also be performed, such as
through the use of an MRI-absorbing particle attached to a targeting moicty, which preferentially binds to
a molecular target. After delivery into the target tissue arca or other patient body location, these particles
bind to a target, and an MRI or other magnetic ficld may be applied to heat the target and surrounding
cells.

[0184] Thermal energies such as cryogenic energies may be delivered by one or more of treatment
elements 320 and 321. Inthese embodiments, a cryogenic sources such as a source of C0,, argon, nitrous
oxide, liquid nitrogen, and the like may be utilized to treat the target tissue.

[0185] Mechanical energies may be delivered by cutting balloons or cages; expandable elements with
abrasive coatings, surface treatments and/or coverings (e.g. the balloon with abrasive mesh covering
described in reference to Fig. 12 herebelow); and the like. In one embodiment, treatment elements 320
and/or 321 comprise a polyethylene terephthalate (PET) balloon with embedded abrasives. Abrasive
elements or surfaces may comprise micro-abrasive elements or surfaces.

[0186] Numerous abrasion devices and elements (e.g. dermabrasion elements) may be included in
treatment elements 320 and/or 321. These abrasive elements may be applied to the surface of the target
tissue (e.g. apposed to the intestinal wall), and treat the target tissue when a rotational or translation
motion is applied. In this application, abrasion includes rubbing a rough surface which is apposed to the
wall of the intestine, or scraping a blade or semi-sharp element along the wall of the intestine. Cutting
may be used to excise or otherwise remove tissue that has been previously treated, such as via ablation or
a previous abrasion procedure.

[0187] In another embodiment, treatment elements 320 and/or 321 may comprise a high speed fluid jet
nozzle, such as a nozzle configured to deliver a pulsed, directed spray of water, air, CO, and/or steam and
configured to treat target tissue, such as to render target tissue cells non-functional. In this embodiment,
the fluid jet may physically remove the target tissue layer and cells from their in-situ location.

[0188] System 300 of Fig. 3 does not include an implanted component or device, only body inserted
devices that are removed at the end of the clinical procedure, such as devices removed within 8 hours of
insertion, within 24 hours of insertion and/or within one week of insertion. In an alternative embodiment,
an implant may be included. Implants include but are not limited to: a stent; a sleeve; a drug delivery
device such as a coated stent, a coated sleeve and/or an implanted pump; and combinations of these.
[0189] The devices of the present inventive concepts include one or more treatment clements that are
constructed and arranged to treat target tissue, such as treatment elements 320 and 321 of Fig. 3. Target
tissue selected for treatment may depend on a number of factors including the one or more discases or

disorders of the patient to be treated. Patient anatomical or physiologic conditions may also impact the
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target tissue selected for treatment and/or particular tissue not to be treated (non-target tissue). Typical
discases and/or disorders to be treated include but are not limited to: diabetes including Type-1 and Type-
2 diabetes; hypercholesterolemia; a metabolic syndrome; discase; celiac disease; obesity; cancer such as
bronchoalveolar carcinoma; cystitis; and combinations of these. Such patient anatomical or physiologic
conditions include but are not limited to: hyperglycemic hyperosmolar state (previously known as
hyperosmolar non-ketotic coma); diabetic ketoacidosis; insulin resistance; pre-diabetes;
hypertriglyceridemia; and combinations of these.

[0190] Fig. 3A schematically illustrates longitudinal regions of the gastrointestinal tract which may be
sclected as target tissues for treatment. Other body locations may be additionally or alternatively chosen
to treat one or more diseases or disorders. Other body locations may be hollow body organs like the
stomach, duodenum and jejunum, and may include relatively flat (i.e. non-tubular) tissue surfaces. In one
embodiment, the target tissue includes one or more segments of the gastrointestinal tract, such as to treat
one or more of: diabetes; hypercholesterolemia; a metabolic syndrome and/or disease; obesity; and
combinations of these. The target tissue may include at least a portion of the duodenum such as to treat a
patient with Type-1 and/or Type-2 diabetes. Type-2 diabetes is characterized by insulin resistance, when
the insulin-producing capability of the patient is functioning normally or near normally. Blood glucose
does not respond as it would in a non-diabetic patient due to abnormal hormone production in the
duodenal mucosa. Ingested glucose can lead to complex absorption and signaling patterns in various
regions of the intestine as it passes through the alimentary canal. Treatments aimed at lowering blood
sugar and treating Type-2 diabetes can be achieved by treating target tissue in one or more portions of the
gastrointestinal tract. The target tissue treatment alters the absorption of glucose and/or alters the
mucosal signaling from and/or between cells of the intestinal mucosa in response to a glucose signal.
Treatment of the duodenal mucosa may reduce the insulin resistance of the Type -2 diabetic patient and
improve blood glucose control.

[0191] The target tissue may include the terminal ileum and extend into the proximal ileum and/or the
colon. Cholesterol and bile salts are absorbed into the body from the alimentary canal via cholesterol and
bile receptors that are predominantly located in the terminal ileum. The treatment of the terminal ileum
can alter the absorption of cholesterol and bile acids from this region of the intestine and alter all
downstream signaling in significant ways. Because the absorption of cholesterol and bile salts in the
terminal ileum is known to influence glucose homeostasis as well as cholesterol levels, treatment of the
terminal ileum may be employed in the treatment of Type-2 diabetes as well as hypercholesterolemia.
The target tissue may include gastric mucosa extending from regions that produce ghrelin and/or other
hormones that regulate appectite, such as to treat obesity and/or an appetite disorder. In yet another
embodiment, the target tissue may include bladder wall tissue, such as to treat interstitial cystitis, bladder
cancer, bladder polyps, or pre-cancerous lesions of the bladder. The target tissue may include large or flat
colonic polyps or marginal tissue after polypectomy, such as to eliminate residual cancer cells and

improve likelihood of sufficient margins in cancer removal. The target tissue may include the lining of
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one or more airways, such as to treat bronchoalveolar carcinoma, other lung cancers, or pre-cancerous
lesions. The treated airway lining may be replaced with a new cellular layer devoid of pathologic lesions.
The target tissue may include segments of the intestinal tract afflicted with inflammatory bowel discase,
such as Crohn’s Discase or Ulcerative Colitis. The target tissue may include segments of the oral cavity
to treat oral cancers or pre-cancerous lesions of the oral cavity. The target tissue may include the
nasopharynx, to treat nasal polyps.

[0192] The target tissue may be sclected such as to treat celiac disease. In celiac disease, the intestinal
mucosa is characterized by blunted villi and a reduce ability to absorb nutrients. Treatment of the mucosa
restores the absorptive function of the intestine. Celiac discasc is also characterized by a failure of the
intestinal barrier function, leading to intestinal wall permeability and the passage of macromolecules into
the intercellular spaces, triggering an autoimmune response (Fasano 2005). Treatment of the intestinal
mucosa improves the intestinal barrier function.

[0193] As shown in the embodiment of Fig. 3A, target tissue arca A may include a longitudinal tissue
portion spanning a distal portion of the stomach to a proximal portion of the duodenum, this target tissue
area A including the pylorus. Target tissue area B includes a longitudinal portion spanning a segment of
the duodenum. Target tissue area C includes a longitudinal portion spanning a distal portion of the
duodenum. One aspect of an embodiment of the present inventive concepts includes the selection of the
target tissue. The selection of the target tissue involves consideration of the gross anatomical and/or
functional borders of the tissue to be treated, such as the anatomical and functional borders between the
duodenum and other adjacent components of the GI tract, or the borders between the four parts of the
duodenum itself. In one embodiment, the target tissue selected includes at least the entire length of the
duodenum. A distal portion of the stomach and/or a proximal portion of the jejunum may also be
included. In one embodiment, tissue between the pylorus and the ligament of Treitz (duodenum-jejunum
junction) is treated.

[0194] In addition to its longitudinal location, the width or portion of circumference of tissue to be
treated must be chosen. In a typical embodiment in which the target tissue includes a portion of the
duodenum and/or the jejunum, a full circumferential (e.g. 360°) treatment is performed. In an alternative
embodiment, at least a portion of the length of the target tissue receives a partial-circumferential (e.g. less
than 360°) treatment. In one embodiment, the target tissue includes a majority of the length of the
duodenum, and the depth of the target tissue includes a full 360° along the target length. In another
embodiment, a partial ciccumferential portion is treated proximate the Ampulla of Vater, to prevent or
reduce any damage to that anatomical location. In yet another embodiment, a partial circumferential
treatment is performed in the portion of the duodenal wall that abuts or is otherwise proximate to the
pancreas, to prevent overheating the pancreas and increasing the risk of pancreatitis.

[0195] In addition to the length (¢.g. longitudinal portion) and width (e.g. circumferential portion) of
the target tissue, a depth along the length and width locations must be chosen. The depth or depths

chosen may be relatively uniform in magnitude (¢.g. number of millimeters of depth), or the depths
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chosen may vary. The depths chosen may be related to tissue type, rather than actual distance, such as a
depth representing the thickness of a tissue layer, such as a full or partial mucosal or submucosal layer,
irrespective of actual thickness of those full or partial layers. In a typical embodiment in which the target
tissue includes a portion of the duodenum and/or the jejunum, the layers or portions of layers of tissue are
chosen. In one embodiment, the target tissuc includes a majority of the length of the duodenum, and a
full 360° circumferential treatment includes at least all of the mucosal layer along the target length,
including the stem cells positioned at the base of the crypts and/or the transit amplifying cells. In one
embodiment, such as for the treatment of diabetes, the full mucosal layer and at least a portion of the
submucosal layer (layer 203 as shown in FIG. 2) is target tissue, such as at least 1%, at least 10%, at least
25%, or at least 50% of the submucosal layer 203.

[0196] Seclection of target tissue location, length, width and/or depth is chosen in order to effect a
desired treatment change, typically in the area of tissue to be treated. In one embodiment, tissue is treated
such that replacement tissue performs in a different manner than the original target tissue. The target area
may be treated such that in the subsequent healing process, new tissue alleviates and/or eliminates one or
more patient diseases or disorders, such as diabetes in the various treatments of the duodenum and/or the
portions of the gastrointestinal tract proximal and distal to the duodenum. Promoting or effecting
regrowth of new mucosal tissue of the duodenum is a treatment goal in some embodiments of the present
inventive concepts. Re-growth of duodenal mucosa may result in a “healthier” or “more normal” mucosa
to come back in its place. In other such embodiments, re-growth of the treated area may comprise
migration of new mucosa from the gastric mucosa on one side and the jejunal mucosa on the other side
(e.g. due to the stem cells that populate the mucosa from either end may retain their native physiologic
state and essentially replace the duodenal mucosa with one of or a mixture of gastric and jejunal mucosa).
Accordingly, in such embodiments, the step of targeting involves selecting an area to treat that includes
duodenal mucosa as well as a contiguous area up to and/or beyond the duodenal junction into a section of
the jejunum thereby including jejunal mucosa. This target treatment area would promote the re-growth of
jejunal-type mucosa in the place of the removed duodenal mucosa. Alternatively, re-growth of the treated
area may comprise migration of new mucosa from proximal and/or distal portions of duodenal mucosa
(e.g. due to the stem cells that populate the duodenal mucosa in these proximal and/or distal portions
having preferred function than the treated duodenal mucosa). The systems and methods of the present
inventive concepts treat target tissue such that modified tissue replaces it such as to treat a patient discase
or disorder.

[0197] For certain applications, modification of the tissue’s enteroendocrine properties is desired.
While the new tissue may be mucosal tissue as is described hereabove, it alternatively may be fibrous or
scarred tissue, or some hybrid of mucosal cells and other cells, or some other tissue type resulting from
the healing process. For treatment of diabetes and/or obesity, the replacement tissue has different
hormonal functions than the pre-treated tissue, as are determined by the quantities and secretions of

different types of enteroendocrine cells in the new mucosal tissue. Alternatively or additionally,
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treatment of diabetes and/or obesity includes replacement tissue with different absorptive properties, For
treatment of hypercholesterolemia, replacement tissue in the terminal ileum has different absorptive
propertics than the pre-treated tissue (e.g. different absorption of cholesterol), as determined by the
quantitics and types of absorptive cells in the new terminal ileum mucosal tissue.

[0198] In other such embodiments, the step of targeting involves sclecting an arca to treat that includes
duodenal mucosa as well as a contiguous arca up to and/or beyond the pylorus at the border with the
stomach, thercby including the gastric mucosa. Targeting this arca promotes the re-growth of gastric-type
mucosa in the place of the removed duodenal mucosa.

[0199] In other such embodiments, it may be that promoting growth of duodenal mucosa from one part
of the duodenum in the place of the treated duodenal mucosa (in another part) is desirable. In such
embodiments, therefore, the step of targeting involves selecting an area to treat that includes duodenal
mucosa as well as a contiguous area up to and/or beyond the border between the parts of the duodenum
hereby including the duodenal mucosa from a different part of the duodenum. Combinations of any of
the above targeting scenarios may also be performed.

[0200] Target Tissue treated may include continuous portions of tissue or discontinuous portions of
tissue, including continuous or discontinuous lengths, widths (e.g. circumferential portions) or depths
(e.g. layers) of tissue. Target tissue may include multiple lengths, multiple cross sectional portions and/or
multiple depths. Target tissue may be treated in multiple steps. A first treatment length, width and/or
depth of treated tissue may overlap a second treatment length width and/or depth of treated tissue. A first
treatment may be similar or dissimilar to a second treatment, such as a difference selected from the group
consisting of: target tissue arca treated; target tissue depth treated; target tissue circumferential portion
treated; energy delivery type; energy delivery rate and/or amount; and combinations of these.

[0201] In addition to treating target tissue, the treatment elements or other components of the systems
of the present inventive concepts may be further constructed and arranged to avoid treating or otherwise
adversely effecting non-target tissue. For treatment of the intestine, non-target tissue typically includes
the outer layer of the intestine, the tunica serosa. Non-target tissue for intestinal treatment typically also
includes the Ampulla of Vater and the pancreas. Non-target tissue may include the tunica muscularis
and/or the outermost layer of the submucosal layer 203. Other locations for non-target tissue may include
but are not limited to: bile duct; pylorus; one or more organs; and combinations of these.

[0202] Target tissuec may include tissuc whose treatment causes a desired therapeutic benefit, plus a
safety margin comprising neighboring tissue to which treatment has no or minimal adverse effects. For
example, in the treatment for diabetes, removal of all mucosal layers of the duodenum (or a segment of
the duodenum), may achicve the desired therapeutic benefit without removal of the submucosal layer.
However the target tissue may include all or part of the submucosal layer, since treatment of the
submucosal layer has minimal adverse cffects. At least the innermost partial layers of the submucosal
layer arc used as the safety margin, and its inclusion in the target tissue ensures that the full mucosal layer

is treated. Required precision of treatment in the safety margin is thus reduced, simplifying the function
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of a treatment e¢lement such as an energy delivery treatment element. In this embodiment, the treatment
tissue depth includes all of the mucosal layer plus at least a portion of the submucosal layer, and this
depth of tissue is treated for the determined length (. g. at least the full length of the duodenum) and the
determined width (e.g. a full 360° along the determined length).

[0203] Layers beyond the submucosal layer, such as the tunica muscularis and the tunica serosa, may
be determined to be non-target tissue as treatment in these areas may cause undesired effects (e.g.
perforation of the intestine). Length of target tissue selected (e.g. length of gastrointestinal tract selected)
for treatment may be similar to the depth of treatment selected as described above. Again for the
treatment of diabetes, the complete length of the duodenum may achieve the desired therapeutic benefit
without removal of the tissue proximal and distal to the duodenum. However target tissue may include a
portion of the tissue proximal to the duodenum (i.e. all or a portion of the pylorus), and a portion of the
tissue distal to the duodenum (i.e. a portion of the jejunum), such as to ensure that the entire length of the
duodenum is treated. Such complete duodenal treatment may ensure that duodenal mucosal regrowth
comprises only tissue migrating from the jejunum and the stomach or pylorus (i.e. not from any untreated
ducdenal mucosa). Treatment parameters, such as energy delivery parameters, may be adjusted along the
length of a conduit of tissue to be treated, such as to accommodate varying tissue types and densities,
varying wall thicknesses, etc. For example, the distal duodenum typically has thinner walls than the
proximal duodenal walls. Treatment in the distal duodenum might be performed at a lower temperature, a
lower energy level, and/or for a shorter duration than treatment in the proximal portion of the duodenum.
[0204] FIG. 4 illustrates a schematic view of a system for treating tissue, according to embodiments of
the present inventive concepts. System 300 is constructed and arranged to treat target tissue 10, including
one or more tissue portions as described above in reference to Fig. 3A. System 300 includes a multiple
filament elongate device 301 comprising shafts 311a and 311b. Shaft 311a has a distal end 312. Shafts
311a and 311b are sized and configured such that shaft 311a is slidingly received by shaft 311b. Shafts
311a and 311b have been inserted through a working channel (e.g. a 6mm working channel), lumen 351,
of endoscope 350. Shafts 311a and 311b may be been inserted over a guidewire, such as guidewire 371
shown exiting distal end 312. Device 301 further includes two expandable tissue treatment clements,
expandable abrasive element 322a, and expandable energy delivery element 322b, mounted to shafts 311a
and 311b, respectively. Shafts 311a and 311b may include one or more lumens passing therethrough, and
may comprise wires or optical fibers for transfer of data and/or energy.

[0205] Endoscope 350 may be a standard endoscope, such as a standard gastrointestinal endoscope, or
a customized endoscope, such as an endoscope including sensor 353 configured to provide information
related to the tissue treatment of the present inventive concepts. Sensor 353 and the other sensors of
system 300 may be a sensor selected from the group consisting of: heat sensors such as thermocouples;
impedance sensors such as tissue impedance sensors; pressure sensors; blood sensors; optical sensors
such as light sensors; sound sensors such as ultrasound sensors; electromagnetic sensors such as

electromagnetic field sensors; and combinations of these. Sensor 353 may be configured to provide
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information to one or more components of system 300, such as to monitor the treatment of target tissue 10
and/or to treat target tissue 10 in a closed loop fashion. Endoscope 350 may include camera 352, such as
a visible light, ultrasound and/or other visualization device used by the operator of 300 prior to, during or
after the treatment of target tissue 10, such as during insertion or removal of endoscope 350 and/or shafts
311a and 311b. Camera 352 may provide direct visualization of internal body spaces and tissue, such as
the internal organs of the gastrointestinal tract. Endoscope 350 may be coupled with or otherwise include
a guidewire, such as to allow insertion of endoscope 350 into the jejunum.

[0206] System 300 may be configured to perform insufflation of the body lumen. The body lumen
may be pressurized, such as by using one or more standard insufflation techniques and/or a technique as
described in reference to Figs. 5, 8A and 8B herebelow. Insufflation fluid may be introduced through
lumen 354 of endoscope 350. Lumen 354 travels proximally and connects to a source of insufflation
liquid or gas, not shown, but typically a source of air, CO, and/or water. Alternatively or additionally,
insufflation fluid may be delivered by device 301, such as through shaft 311a and/or 311b, or through a
port in treatment element 322a and/or 322b, ports not shown but fluidly attached to a source of
insufflation liquid or gas, also not shown. Alternatively or additionally, a separate device, configured to
be inserted through endoscope 350 or to be positioned alongside endoscope 350, may have one or more
lumens configured to deliver the insufflation fluid. System 300 may include one or more occlusive
elements or devices, such as expandable treatment element 322a or another expandable device, not shown
but configured to radially expand such as to fully or partially occlude the body lumen, such that
insufflation pressure can be achieved and/or maintained over time (e.g. reduce or prevent undesired
migration of insufflation fluid). The one or more occlusive elements or devices may be positioned
proximal to and/or distal to the luminal segment to be insufflated.

[0207] The treatment elements of the present inventive concepts, such as treatment elements 322a
and/or 322b of Fig. 4, may have a fixed diameter or they may be expandable. Expandable elements may
comprise inflatable balloons, expandable cages, radially deployable arms, and the like. Treatment
elements may include an energy delivery element or arrays of elements, such as an array of electrodes
mounted to a deployable cage. Energy delivery elements may be configured to deliver one or more
different forms of energy as has been described above in reference to Fig. 3. Energy may be delivered in
constant or varied magnitudes or other energy levels. Energy may be continuous or pulsed, and may be
delivered in a closed-loop fashion. Energy delivery may be varied from a first tissue location to a second
location, such as a decrease in energy from a first treated location to a second treated location when the
second treated location is thinner than the first treated location. Alternatively or additionally, energy
delivery may be varied during a single application to a single tissue location, such as by adjusting the
amount of energy delivered, or by moving a portion of the energy delivery element as is described in
detail in reference to Fig. 8A and 8B herebelow.

[0208] Treatment clements 322a and/or 322b may be configured to causc the complete or partial

destruction of the target tissue, such as the complete or partial destruction of the duodenal mucosa.
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Treatment clements 322a and/or 322b may be configured to remove previously treated and/or untreated
tissue. Pressure maintained within treatment elements 322a and/or 322b can be set and/or varied to adjust
the treatment being performed such as to: adjust the depth of treatment; adjust the force applied by a
mechanical abrasion device; adjust the amount of energy applied during RF energy delivery (e.g. by
changing tissue impedance or clectrode contact); and combinations of these.

[0209] Treatment elements 322a and 322b may include sensors 316a and 316b, respectively. Sensors
316a and 316b may cach be onc or more sensors as described hercabove. Sensor 316a may be a sensor
configured to provide information related to the tissue treatment performed by abrasive clement 322a,
such as a visualization sensor mounted to abrasive element 322a that is configured to differentiate tissue
types that are proximate abrasive element 322a, such as to differentiate mucosal and submucosal tissue.
Sensor 316b may be a sensor configured to provide information related to the tissue treatment performed
by energy delivery element 322b, such as a temperature sensor mounted to energy delivery element 322b
and configured to monitor the temperature of energy delivery element 322b and/or tissue proximate
energy delivery element 322b.

[0210]  Energy Delivery Unit (EDU) 330 may be configured to deliver one or more forms of energy as
have been described above in reference to Fig. 3. In one embodiment, EDU 330 is configured to deliver
at least radiofrequency (RF) energy, and system 300 includes ground pad 332 configured to be attached to
the patient (e.g. on the back of the patient), such that RF energy can be delivered in monopolar delivery
mode. Alternatively or additionally, EDU 330 may be configured to deliver energy in a bipolar RF mode,
such as when element 322b is configured to deliver RF energy and/or system 300 includes a second
energy delivery element, not shown but typically including one or more electrodes or electrically
conductive surfaces.

[0211]  System 300 may include controller 360 which typically includes a graphical user interface, not
shown but configured to allow one or more operators of system 300 to perform one or more functions
such as entering of one or more system input parameters and visualizing and/or recording of one or more
system output parameters. Typical system input parameters include but are not limited to: type of energy
to be delivered such as RF energy, thermal energy and/or mechanical energy; quantity of energy to be
delivered such as a camulative number of joules of energy to be delivered or peak amount of energy to be
delivered; types and levels of combinations of energies to be delivered; energy delivery duration; pulse
width modulation percentage of energy delivered; number of reciprocating motions for an abrasive device
to transverse; temperature for a treatment clement such as target temperature or maximum temperature;
insufflation pressure; insufflation duration; and combinations of these. System input parameters may
include information based on patient anatomy or conditions such as pre-procedural or peri-procedural
parameters selected from the group consisting of: mucosal density and/or thickness; mucosal “lift” off of
submucosa after a submucosal injection; longitudinal location of target tissue within the GI tract; and
combinations of these. Typical system output parameters include but are not limited to: temperature

information such as tissue and/or treatment clement temperature information; pressure information such
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as balloon pressure information or insufflation pressure information; force information such as level of
force applied to tissue information; patient information such as patient physiologic information recorded
by one or more sensors; and combinations of these.

[0212] Controller 360 and/or one or more other components of system 300 may include an electronics
module, such as an electronics module including a processor, memory, software, and the like. Controller
360 is typically configured to allow an operator to initiate, modify and cease treatment of tissue by the
various components of system 300, such as by controller energy delivery unit 330.  Controller 360 may
be configured to adjust the pressure within expandable treatment elements 322a and/or 322b, such as to
vary the abrasion force and/or energy, respectively, applied to the target tissuc. Controller 360 may be
configured to initiate insufflation and/or to adjust insufflation pressure. Controller 360 may be configured
to deliver energy (e.g. from EDU 330) or other tissue treatment in a closed-loop fashion, such as by
modifying one or more tissue treatment parameters based on signals from one or more sensors of system
300. Controller 360 may be programmable such as to allow an operator to store predetermined system
settings for future use.

[0213] Controller 360 and EDU 330 may be configured to deliver energy in constant, varied,
continuous and discontinuous energy delivery profiles. Pulse width modulation and/or time division
multiplexing (TDM) may be incorporated to achieve precision of energy delivery, such as to ensure
ablation of target tissue while leaving non-target tissue intact.

[0214]  System 300 may include a mechanism configured to apply motion to treatment elements 322a
and/or 322b, such as motion transfer element 335. Motion transfer element 335 may be configured to
rotate and/or axially translate shafts 311a and/or 311b such that treatment elements 322a and/or 322b,
respectively, are rotated and/or translated. Motion transfer element 335 may be configured to rotate
treatment elements 322a and 322b independently or in unison. Motion transfer element 335 may include
one or more rotational or linear drive assemblies, such as those including rotational motors, magnetic and
other linear actuators, and the like which are operably connected to shaft 311a and/or 311b. Shafts 311a
and/or 311b are constructed with sufficient column strength and/or torque transfer properties to
sufficiently rotate and/or translate treatment elements 322a and/or 322b, respectively, during associated
tissue treatment. Motion transfer element 335 may be in communication with controller 360, such as to
activate, adjust and/or otherwise control motion transfer element 335 and thus the motion of abrasion
element 322a and/or energy delivery element 322b. Motion transfer element 335 may be manually driven
and/or automatically (e.g. motor) driven.

[0215] In one embodiment, after placing abrasive element 322a in a distal position in the intestine,
abrasive element 322a is rotated at a constant rate and pulled back (i.e. moved proximally) at a constant
rate for a fixed distance, forming a spiral path including a substantially uniform amount of tissue abraded
from the intestinal wall. Alternately, abrasive element 322a may be oscillated rotationally, longitudinally,
or both, for a fixed duration, so that the abrasive element 322a repeatedly abrades a defined portion of the

intestinal wall for a fixed treatment period (e.g., time, pressure, ctc). In another embodiment, controller
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360 comprises a simple handle which the user moves back and forth repeatedly to affect a back and forth
abrading of a luminal wall. Controller 360 may include both manual and motorized features, enabling the
user to apply motorized treatments periods (e.g. at a fixed time and/or pressure) for some portion of the
intestine and apply manual treatment periods for other intestinal arcas. Controller 360 may be
programmable so that, for example circumferential abrasion is achieved in certain portions of the
intestine, and only a portion of the circumference is abraded in other portions of the intestine, such as
locations at the Ampulla of Vater.

[0216] Controller 360 may be configured to control energy delivery, such as energy delivery to energy
delivery element 322b. For example, if ablative clement 322b is an RF clectrode array, and energy
delivery unit 330 comprises an RF generator, controller 360 may be programmed to provide a specific
amount of RF energy for a defined period of time. In another example, if energy delivery element 322b is
a heated saline balloon, then controller 360 can be configured to provide and withdraw heated saline to
energy delivery element 322b, such as through an energy transfer tube not shown, at a desired
temperature and for a desired time period. Controller 360 may be configured for manual control, so that
the operator first initiates the energy delivery, then allows the energy delivery element 322b to ablate the
tissue for some time period, after which the operator terminates the energy delivery.

[0217]  System 300 may further include one or more imaging devices, such as imaging device 370.
Imaging device 370 may be configured to be inserted into the patient and may comprise a visual light
camera; an ultrasound imager; an optical coherence domain reflectometry (OCDR) imager; and/or an
optical coherence tomography (OCT) imager, such as when integral to, attached to, contained within
and/or proximate to shaft 311a and/or 311b. Imaging device 370 may be inserted through a separate
working channel of endoscope 350, lumen not shown. In one embodiment, imaging device 370 is an
ultrasound transducer connected to a shaft, not shown but surrounded by shaft 311a and typically rotated
and/or translated to create a multi-dimensional image of the area surrounding imaging device 370.
Alternatively or additionally, imaging device 370 may be external to the patient, such as an imaging
device selected from the group consisting of: an X-ray; a fluoroscope; an ultrasound image; an MRI; a
PET Scanner; and combinations of these.

[0218] System 300 may further include protective cap 380, configured to be positioned proximate
tissue to prevent damage to certain tissue during energy delivery or other tissue treatment event.
Protective cap 380 may be fitted with endoscope 350 or another elongate device such that cap 380 can be
placed over and then positioned to protect the Ampulla of Vater, as is described in detail herebelow in
reference to Fig. 18. In a typical embodiment, protective cap 380 is removed within 24 hours of
placement, such as by being removed during the procedure after treatment of the target tissue.

[0219] System 300 may further include a tissue expanding device 390, configured to expand the target
tissue area, such as tissue expanding device 390 of Fig. 13 described in detail herebelow. Tissue

expansion can greatly alleviate the need for precision of treatment, such as precision of energy delivery,
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due to the increased size (e.g. increased depth) of the target and associated safety zone of tissue to which
treatment causes no significant adverse event (¢.g. the submucosal layer of a mucosal layer ablation).
[0220] System 300 may further include one or more pharmaceutical or other agents 500, such as an
agent configured for systemic and/or local delivery to a patient. These agents may be delivered, pre-
procedurally, peri-procedurally and/or post-procedurally. The agents may be configured to improve
healing, such as agents sclected from the group consisting of: antibiotics, steroids, mucosal cytoprotective
agents such as sucralfate, proton pump inhibitors or other acid blocking drugs; and combinations of these.
Alternative or in addition to these agents, pre-procedural and/or post-procedural diets may be employed.
Pre-procedural diets may include food intake that is low in carbohydrates and/or low in calories. Post-
procedural diets may include food intake that comprise a total liquid diet or a diet that is low in calories
and/or low in carbohydrates.

[0221] In a typical embodiment, system 300 does not include a chronically implanted component or
device, only body inserted devices that are removed at the end of the clinical procedure or shortly
thereafter, such as devices removed within 8 hours of insertion, within 24 hours of insertion and/or within
one week of insertion. In an alternative embodiment, implant 510 may be included. Implant 510 may
comprise one or more of: a stent; a sleeve; and a drug delivery device such as a coated stent, a coated
sleeve and/or an implanted pump.

[0222]  Each of the components of system 300 may be removably attached to another component,
particularly controller 360, energy delivery unit 330, motion transfer element 335, ground pad 332 and
endoscope 350 and elongate device 301.

[0223]  Fig. 5 illustrates a flow chart of a method for treating tissue, according to embodiments of the
present inventive concepts. STEPs 410 through 413 describe a method of treating target tissue, such as
duodenal tissue or other tissue, to treat a patient disease or disorder such as diabetes. In this particular
embodiment, the target tissue comprises multiple tissue portions. The multiple tissue portions may
comprise multiple adjacent tissue areas, such as multiple contiguous circumferential segments of the
duodenum or other gastrointestinal lumen. A first treatment is applied to a first set of tissue portions, and
subsequently a second treatment is applied to a second set of tissue portions. The first set of tissue
portions typically includes all or some of the second set of tissue portions. The first and/or second
treatments may treat one or more tissue areas that overlap each other (e.g. the borders of the tissue
portions overlap preventing untreated tissue locations between treated arcas).

[0224] In STEP 410, an elongate device is inserted into the body of a patient, such as through a lumen
of a previously inserted device such as through the lumen of an endoscope. The elongate device may be
inserted such as to treat duodenal tissue, such as with access through the stomach via the esophagus;
through the jejunum; through the stomach via a laparoscopic tool; surgically through the side wall of the
intestine; through the stomach and jejunum, simultancously or sequentially, from cach end, in the same or

different procedures; and combinations of these. The elongate device may be an endoscope; may be
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inserted through an endoscope; may be inserted through a laparoscopic port; may be inserted through a
gastric port or tube; and combinations of these.

[0225] In STEP 411, the target tissue and/or tissue proximate the target tissue, such as tissue on cither
side of the target tissue, may be positioned, tensioned or otherwise manipulated, such as by the clongate
device placed in STEP 410. Manipulating includes but is not limited to: axial straightening such as
straightening of the duodenum or other intestinal tissue; tensioning such as axial and/or radial tensioning;
thickness expansion such as expansion of the submucosa of the intestine with an injected fluid (e.g.
injected liquid or gas); applying an axial force to tissue; applying opposing axial forces to tissue; applying
a radial force to tissue; compressing tissue such as compressing the villi of the duodenum,; inducing
localized edema or angioedema; expanding the duodenum radially such as to reduce the protrusions of
plicae circulares and prevent or reduce under treatment of plicae due to folding over of those plicae by a
treatment element; and combinations of these. Manipulation of tissue may be performed to cause one or
more of the following to occur: straightening of a length of tubular tissue; compressing of tissue layers;
compression of projections into the lumen of tubular tissue (e.g. compression of villi into the intestine);
tensioning of tissue; expansion of one or more tissue layers; increasing overall thickness of intestinal
wall; removal of mucus and intestinal contents from the tissue wall; and combinations of these.

[0226] Tissue manipulation can be accomplished in various ways. Tissue tensioning can be achieved
by application of force upon one or more tissue contacting devices, such as one or more expandable
elements as is described in detail in reference to Figs. 8A and 8B. In one embodiment, opposing forces
are applied to two tissue manipulators positioned within a body lumen, such as within the duodenum or
other gastrointestinal lumen. Tissue manipulation can be performed through insufflation, such as when a
distal expanding element occludes the body lumen, and insufflation pressure applies straightening and
other manipulating forces to the tissue proximal to the expanding element. Insufflation fluid can be
introduced by one or more devices, including but not limited to the tissue treatment devices and
endoscopes of the present inventive concepts. In one embodiment, a pressure of at least 0.5 cm of H,0
imposed on the internal lumen of the duodenum is employed. In another embodiment, a pressure of less
than 15.0 cm of Hy0 is imposed on the internal lumen of the duodenum. Tissue manipulation can be
performed through the introduction of fluid into tissue, such as the fluid placed via a needle into
submucosal tissue, as is described in detail in reference to Fig. 13 herebelow.

[0227] Insufflation is used to expand the lumen of the gastrointestinal tract, such as to more casily
visualize the mucosa, to ease advancement and/or retraction of devices such as endoscopes and treatment
devices of the present inventive concepts, and to more casily manipulate and/or treat tissue. Insufflation
can be delivered as a fluid, such as air, CO, and/or water, and may be introduced, removed, and
reintroduced, such as after repositioning one or more devices. There are plicac and other folds of tissue
within a gastrointestinal lumen that may complicate the apposition of one or more treatment clements to

the target tissue. Insufflation can reduce or eliminate the majority of these tissuc folds such as via
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distension of the mucosal lining. Insufflation can also be used to clongate and/or straighten a portion of a
body lumen such as the duodenum.

[0228] In STEP 412, a first trcatment is applied to multiple tissuc portions sequentially. The first
treatment may be applied by the clongate device introduced in STEP 410, or another inserted device. The
first treatment may include one or more treatments such as application of energy such as RF energy,
thermal energy, or another tissue treatment.

[0229] In STEP 413, a second treatment is applied to multiple tissue portions sequentially, typically
the same tissue portions treated in STEP 412. The second treatment may be applied by the device used to
manipulate tissue in STEP 411, the first treatment device of STEP 412, or another treatment device. The
second treatment may be similar or dissimilar to the first treatment. Differences include but are not
limited to: device used to deliver the treatment; type of energy delivered; quantity or level of energy
delivered such as power level, temperature level, duration of energy application; types and levels of
combinations of energies delivered; and combinations of these. Prior to or during STEP 413, a second
tissue manipulating step may be performed, such as a different tissue manipulation in the same tissue area
or a similar or dissimilar tissue manipulation in a different tissue area. In some embodiments,
combinations of tissue ablation and tissue abrasion are employed. Abrasion may follow ablation, such as
to debride ablated tissue. Abrasion of villi may be followed by ablation of remaining mucosa. Multiple
applications of abrasion and/or ablation may be employed, in one or more tissue portions, until treatment
of the complete target area is complete.

[0230] After completion of STEP 413, the tissue treatment may be completed or additional tissue
treatments may be performed. The tissue treatments of STEPs 412 and/or 413 may be repeated, or a
different tissue treatment may be performed. Prior to and/or during any additional tissue treatment steps,
another tissue manipulating STEP 411 may be performed.

[0231] One or more additional clinical procedures may be included in the methods of the present
inventive concepts. Typical adjunctive and/or supportive procedures include but are not limited to:
mucosal transplantation; natural orifice surgery; mucosal scarring procedure; antibiotic therapy; drug
therapies configured to prevent or promote re-growth of mucosal tissue; implants such as physical
barriers configured to cause scarring or to limit absorption through mucosal tissue; therapies to treat
obesity and/or diabetes; diet; exercise; and combinations of these.

[0232] STEPs 412 and 413 are typically performed in a single clinical procedure, such as during a
single sterile procedure. Alternatively or additionally, repeat treatments may be performed days, weeks
or months later. In one embodiment, the target tissue treated includes the stem cells at the base of the
crypts of the duodenal mucosa. In this embodiment, the mucosa does not re-grow for an extended period
of time, and secondary procedures, similarly treating these stem cells, may be repeated as frequently as
necessary, such as to provide a durable effect on a diabetic patient.

[0233]  Fig. 6 illustrates a flow chart of a method for treating tissue, according to embodiments of the

present inventive concepts. STEPs 410 through 424 describe a method of treating target tissue, such as
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duodenal tissue or other tissue, to treat a patient disease or disorder such as diabetes. The target tissue
comprises multiple tissuc portions, which are cach treated by a first treatment followed by a second
treatment, such as treatment of a first segment of duodenum followed by a treatment of a second segment
of duodenum. The multiple tissue portions may comprise multiple adjacent tissue arcas, such as multiple
contiguous circumferential segments of the duodenum. The first and/or second treatments may treat one
or more tissue arcas that overlap each other (e.g. the borders of the tissue portions overlap preventing
untreated tissue locations between treated areas). Treatment of multiple areas may be accomplished by
repositioning of one or more treatment elements, such as repositioning of one or more energy delivering
expandable structures such as balloons. Alternatively or additionally, an expandable device may be
positioned and a treatment element axially translated to treat multiple areas, continuously or segmentally.
First and second treatments may include treatment of two full circumferential segments of a conduit.
Alternatively, first and second treatments may includes a first partial circumferential segments (e.g. less
than 360° of a conduit segment) followed by a second partial circumferential segment, such as the
remaining circumferential portion of the conduit.

[0234] In STEP 410, an elongate device is inserted into the body of a patient, such a through a lumen
of a previously inserted device such as through the lumen of an endoscope.

[0235] In STEP 411, the target tissue and/or tissue proximate the target tissue, such as tissue on either
side of the target tissue, may be manipulated, as has been described in reference to STEP 411 in reference
to Fig. 5 hereabove.

[0236] In STEP 421, a first treatment is applied to a first tissue portion. The first treatment may be
applied by the clongate device introduced in STEP 410, or another inserted device. The first treatment
may include one or more treatments such as application of energy such as RF energy or another treatment
described in this application.

[0237] In STEP 422, a second treatment is applied to the first tissue portion. The second treatment
may be applied by the device used to manipulate tissue in STEP 411, the first treatment device of STEP
421, or another treatment device. The second treatment may be similar or dissimilar to the first treatment.
Differences include but are not limited to: device used to deliver the treatment; type of energy delivered;
value of an energy delivery amount such as energy level, temperature level, and duration of application;
combinations of energies delivered; and combinations of these.

[0238] In STEP 423, a first treatment is applicd to a sccond tissue portion. This treatment is typically
similar to the treatment of STEP 421, but may be varied such as varied energy delivery due to the first
tissue portion and the second tissue portion having different tissue characteristics such as thickness of
tissue to be treated.

[0239] In STEP 424, the second treatment is applied to the second tissue portion. This treatment is
typically similar to the treatment of STEP 422, but may be varied such as varied energy delivery due to
the first tissue portion and the second tissuc portion having different tissue characteristics such as

thickness of tissue to be treated.
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[0240] Numerous combinations and varied orders of tissue treatment modalities can be employed
without departing from the spirit and scope of the present inventive concepts. Treatment modalities
include but are not limited to: type of energy used; depth of treatment; tissue surface arca treated
including length and/or width of tissue surface arca; duration of treatment; manipulation of target tissue
and tissue proximate target tissue such as via a tensioning device or a submucosal injection as is described
in reference to FIG. 13 herebelow; and combinations of these. In one embodiment, a treatment includes:
a submucosal injection; inflation of one or more balloons proximal and/or distal to the target tissuc arca
such as to create a relatively fluid- tight seal; an abrasion of tissue; and an ablation of tissue. In another
embodiment, a treatment includes: ablation by a hot fluid balloon; ablation by direct contact of a hot fluid
with target tissue; an ablation by an RF energy delivery device; and mechanical removal of tissue such as
via an abrasion device. In yet another embodiment, one or more tissue manipulation steps (e.g.
submucosal injection or target tissue tensioning via one or more balloons) is performed in combination
with energy delivery (e.g. ablation with hot fluid or RF energy) combined with mechanical tissue removal
(e.g. abrasion). Sequencing between energy delivery and mechanical tissue removal may be repeated,
and vice versa. Each of these and other tissue treatment steps may be included in any combination and in
any order.

[0241]  Prior to or during each of STEPs 422, 423 and 424, one or more additional tissue manipulating
steps may be performed, such as a different tissue manipulating in the same tissue area or a similar or
dissimilar tissue manipulating in a different tissue arca.

[0242]  After completion of STEP 424, the tissue treatment may be completed or additional tissue
treatments may be performed. The tissue treatments of STEPs 421 and 422 may be repeated, or a
different tissue treatment may be performed. Prior to and/or during any additional tissue treatment steps,
another tissue manipulating STEP 411 may be performed.

[0243]  Fig. 7 illustrates a flow chart of a method for treating tissue, according to embodiments of the
present inventive concepts. STEPs 510 through 540 describe a method of treating target tissue, such as
duodenal tissue or other tissue, to treat a patient disease or disorder such as diabetes. The target tissue
may comprise multiple tissue portions, which are treated by one or more types of tissue treatments
configured to treat the target tissue. The method includes monitoring of one or more parameters and
adjusting the tissue treatment based on the one or more parameters being between acceptable limits, such
as pre-determined limits.

[0244] In STEP 510, the treatment of a portion of tissue is initiated. The tissue is typically treated by a
device including one or more treatment clements. The treatment elements may deliver energy (¢.g. RF or
thermal energy) or may be configured to allow an operator to deliver energy (¢.g. mechanical energy
delivered by a reciprocating abrasive device).

[0245] In STEP 520, as treatment continues, one or more parameters are measured and compared to

one or more thresholds, such as one or more quantitative values.
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[0246]  If the measured parameters are not within acceptable limits, STEP 525 is performed in which
one or more treatment parameters are adjusted. Adjustable treatment parameters include but are not
limited to: type of energy to be delivered such as RF energy, thermal energy and/or mechanical energy;
quantity of energy to be delivered such as a cumulative number of joules of energy to be delivered or
peak amount of energy to be delivered; types and levels of combinations of energics to be delivered;
energy delivery duration; pulse width modulation percentage of energy delivered; number of
reciprocating motions for an abrasive device to transverse; temperature for a treatment clement such as
target temperature or maximum temperature; and combinations of these; and combinations of these.

After adjustment, the monitoring of STEP 520 continues.

[0247]  If the measured parameters are within acceptable limits, STEP 530 is performed in which the
tissue treatment for the current tissue portion is checked for completion, such as by an algorithm of the
system of the present inventive concepts. In one embodiment, the completion check is time or action
based. Time-based checks may simply indicate completion after a fixed time period has been reached
(e.g. open loop), such as a fixed time period for one or more energy deliveries to treat target tissue.
Action-based checks may be selected from the group consisting of: an energy level is achieved; a power
level is achieved; a level of energy has been delivered (e.g. a pre-determined number of joules of RF
energy); a number of mechanical cycles such as a set of reciprocating motions has been achieved; a tissue
change has occurred such as a color change, a texture change or other visual change has occurred; tissue
impedance and/or a change is tissue impedance has reached a threshold; a temperature and/or a change is
temperature (e.g. a temperature and/or change of tissue temperature) has reached a threshold; blood flow
and/or a change in blood flow has reached a threshold; a serum hormone level and/or a change in a serum
hormone level has reached a threshold; blood sugar level and/or a change in blood sugar level has reached
a threshold; submucosal connective tissue is exposed (e.g. as detected by visual inspection or chemical
and/or biological detection mechanisms); and combinations of these. Numerous forms of closed-looped
checks may be performed in STEP 520, such as by measuring one or more system or patient parameters
with one or more sensors. Sensors may monitor and provide information related to system parameters,
such as the sensors listed in reference to FIG. 4 hereabove. Sensors of the present inventive concepts may
be placed in one or more locations, typically to be positioned within the body of the patient. Sensors may
be positioned within a body lumen such as on a device positioned within the duodenum such that the
sensor contacts the duodenal wall. Alternatively or additionally, one or more sensors may be placed
within a tissue wall, such as within the submucosal space after a submucosal injection has occurred.
Alternatively or additionally, the sensor may be positioned outside of the gastrointestinal tract, such as in
the extra-intestinal space or in surrounding structures. In one embodiment, a sensor is positioned in or
proximate to the Ampulla of Vater, such as to monitor temperature of the pancreas. In another
embodiment, a sensor is positioned to monitor the temperature of a vascular structure such as the inferior
vena cava. Sensors may monitor and provide information related to patient parameters, such as

parameters selected from the group consisting of: temperature information such as tissue temperature
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information or treatment clement temperature; impedance information such as tissue impedance
information; pressure information; blood flow information; blood sugar levels; insulin levels; glucagon
levels; GIP, GLP-1, GLP-2 and/or other gastrointestinal hormone levels; and combinations of these. In
onc embodiment, a heat and/or impedance sensor is included, and sensor information is used to regulate
energy delivery such as RF encrgy delivery.

[0248] If treatment of the current tissue portion is complete, STEP 540 is performed where one or
more tissue treatment devices are re-positioned to treat an additional tissue portion of the target tissue,
after which STEP 510 is repeated. If the entire tissue portion has been treated, the tissue treatment is
complete and the one or more devices used may be removed from the patient or used to perform a
secondary procedure.

[0249]  Prior to initiating treatment in step 510, one or more parameters may be measured, such as one
or more system or patient parameters. In one embodiment, a tissue parameter is measured, such as tissue
thickness measured with a visualization sensor or device such as a visualization sensor or device using
ultrasound, optical coherence domain reflectometry (OCDR) and/or optical coherence tomography
(OCT). Based on the results of the pre-treatment parameter measurement, one or more treatments may be
adjusted, such as an increase or decrease in energy to be delivered based on measured tissue thickness at a
particular tissue location. The one or more parameters measured prior to tissue treatment may by
measured again (e.g. continuously or intermittently monitored in real time), prior to or during one or more
subsequent tissue treatment steps. In another embodiment, a parameter (e.g. a tissue parameter measured
by an imaging sensor or device) is measured to select a treatment modality. Typical treatment modalities
include but are not limited to: energy type to be delivered; selection of a tissue treatment parameter to
allow re-growth or prevent re-growth of one or more cell types.

[0250] Treatment may be conducted and monitored until a substantial amount of the mucosal cells or
cells from the crypts and villi producing hormones are rendered non-functional. Treatment monitoring
may include monitoring the depth of penetration of treatment, such as during RF energy delivery or other
ablative tissue treatment. In one aspect of the inventive concepts, the cells rendered non-functional are
unable to reproduce, that is, the re-growth and regeneration of the cells rendered non-functional is
substantially eliminated. The cells that become non-functional may include a fraction of the mucosal
cells, such as less than 100% of the mucosal cells. In another embodiment, the cells that become non-
functional include all of the mucosal cells (i.e. 100% of the mucosal cells). In this embodiment, a fraction
of the submucosal cells may be targeted (i.e. made non-functional) to assure all of the mucosal cells are
impacted. In another embodiment, a tissue treatment, for example, an ablative step may target stem cells
of the base of the crypts. The removal of these particular stem cells may prevent re-growth of the stem
cells of the mucosa. Multiple ablations, of similar or dissimilar energies deliveries, may be performed. In
yet another embodiment, the tissue treatment may extend to the level of the stem cells by ablating the

surface mucosa and intestinal villi, shaving or mechanically disrupting the tissue to climinate the killed
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cells, and then re-ablating the mucosal surface to target the stem cells at the base of the crypts. Detailed
descriptions of target tissue and non-target tissue are provided hereabove in reference to Fig. 3A.

[0251] Monitoring of one or more system or patient parameters, such as tissue thickness and/or depth
of penetration of tissue treatment, may be used to reduce or minimize formation of strictures, bleeding,
scarring and/or perforation. In one embodiment, the tissue treatment may be stopped or otherwise
modified if an ulcer, cancer and/or thin walled tissue location is detected. Depth of penetration of tissue
treatment may be monitored by one or more system sensors, such as a visual sensor such as an ultrasound
sensor or other cellular structure sensor; an impedance sensor such as a tissue impedance sensor, and/or
other sensor from which depth information can be corrclated. Depth of penctration may be monitored in
real-time, or with minimal delay such as to prevent an undesired clinical events selected from the group
consisting of: prevention of undesired strictures or scarring; perforation; bleeding; and combinations of
these. The depth of penetration information obtained by the one or more sensors may be used to
automatically treat tissue or simply provided to a clinician or other operator of the system for their
interpretation and subsequent adjustment of treatment.

[0252] Numerous patient and/or system parameters can be measured prior to, during, or after one or
more tissue treatment steps, such as by using one or more sensors or sensing devices of the system of the
present inventive concepts. Electromyographic sensors may be used, such as to perform
electromyography of the muscularis mucosa. A clinician may sense contraction of the muscularized
mucosa as a way of achieving proper treatment depth. Depth of penetration may be controlled by
measuring the change in impedance to electrical current delivered to tissue. Energy delivery is reduced or
stopped when the impedance changes from that which may be expected for the mucosa to that which may
be expected for the muscularis mucosa or submucosa. A probe configured to monitor the electrical or
contractile activity of the muscularis mucosa may be inserted, such as to assess the influence of energy
delivery on muscle function. Quantitative calorimetry may be used to monitor changes in tissue or tissue
characteristics, such as to monitor tissue characteristics before, during and/or after tissue treatment as has
been described hereabove. One or more sensors or sensing devices may be configured to provide serum
analysis, such as hormonal release data or glucose responsiveness data.

[0253] One or more visual sensors or devices may be used to measure one or more system or patient
parameters. Visual interrogation of the mucosa, such as during ablation, may be used to control depth of
energy delivery. Light scattering spectroscopy can be used to perform tissue surface evaluation, such as
to identify dysplasia or to evaluate a villi characteristic such as length or color. Since the villi are
typically a lighter color than the mucosa, spectroscopy can be used to monitor the progress of treatment
(e.g. removal of villi). Characterization of tissue color changes can identify level of desiccation of tissue
(e.g. reddening or whitening). Identification and/or quantification of edema,; tissue perfusion and/or tissue
oxygenation may be monitored using visual sensors or visualization devices. Imaging of the mucosa may

be performed to determine the types of enteroendocrine cells present.
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[0254]  Secnsors and sensing devices of the present inventive concepts can be positioned at one or more
locations internal and/or external to the patient’s body. Imaging device can be used to measure numerous
parameters, including but not limited to: body temperature; thickness and temperature of tissue; and
vascularity within or proximal to target tissue. In one embodiment, an external imaging device is used to
detect the “ice ball” found when cryogenic treatment is being formed. Various imaging modalitics may
be used such as an imaging modality selected from the group consisting of: X-Ray such as fluoroscopy;
CT imaging; MRI; Ultrasound imaging; Molecular Imaging; Nuclear Imaging such as Nuclear imaging
with or without glucose tolerance testing; OCT; Spectroscopy such as Tera-Hertz spectroscopy; and
combinations of these. Imaging devices may be external or they may be placed into the body such as by
being inserted through an endoscope such as an endoscope inserted into the gastrointestinal tract; a
percutaneous intravascular device; a laparoscopic probe; and combinations of these.

[0255] Fig. 8A and 8B illustrate side sectional views of a distal portion of a tissue treatment system
including two tissue manipulating elements, prior to and after applying an axial force to target tissue,
respectively, according to embodiments of the present inventive concepts. System 300 is constructed and
arranged to treat target tissue 10, including one or more tissue portions as described above in reference to
Fig. 3A. System 300 includes device 301 which has been inserted into a body lumen, such as the
duodenum, which includes walls W and target tissue 10, typically a 360° segment of intestinal tissue.
Device 301 includes shaft 311a which is slidingly received by shaft 311b. Mounted to a distal end of
shaft 311a is manipulating element 317a, typically an expandable balloon or expandable cage configured
to operably engage luminal wall tissue without penctration. Mounted to a distal end of shaft 311b is
manipulating element 317b, also typically an expandable balloon or expandable cage. In an alternative
embodiment, engagement by elements 317a and/or 317b is achieved with some penetration of tissue, such
as via projections that penetrate to a depth of approximately the mucosa-submucosal interface, such as to
ensure adequate grasping force when positioned in the intestine. Shaft 311b may be configured to be
slidingly passed through a separate device, such as an endoscope, after which manipulating elements 317a
and 317b are expanded to engage luminal walls W.

[0256] Positioned within a lumen of shaft 311b is treatment element 320. Treatment element 320 may
be configured to apply energy through the walls of shaft 311b into the luminal wall tissue, such as
through the application of laser or ultrasound energy. In these directed energy delivering configurations,
treatment element 320 may be operably connected to an energy source such as a source of laser or
ultrasound energies. Treatment clement 320 may include one or more energy delivering or directing
clements such as piczo crystals, lenscs, mirrors, filters and the like. Alternatively or additionally,
treatment element 320 may be configured to radially expand, such as through an opening in shaft 311b
(opening not shown), and contact wall W in order to enable treatment of tissue 10 via contact, such as
when treatment element 320 contains a hot fluid and or one or more RF energy delivering electrodes.

Alternatively or additionally, treatment clement 320 may be configured to deliver energy through an
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opening in shaft 311b, not shown but typically an opening configured to allow a fluid jet to pass
therethrough, the fluid jet configured to contact and ablate target tissue 10.

[0257] Treatment clement 320 is connected to shaft 329, which may comprise an optical fiber, a fluid
carrying lumen, and/or one or more clectrically conductive wires, and may be configured to rotate such as
to cause treatment clement 320 to rotate such as when energy is being transmitted to walls W,
Alternatively or additionally, shaft 329 may be configured to translate axially, back and forth, such as to
move along a tissuc arca to be treated. Rotation and/or axial translation may be accomplished via a
motion transfer element described in reference to Fig. 4 hereabove. Energy may be applied evenly over
the target tissue or there may be discontinuous or otherwise uneven energy delivered. Energy may be
applied over the full circumference of a lumen, such as along a pre-determined length of the duodenum.
[0258] In certain applications, it may be desirable to manipulate target tissue 10 prior to applying
energy or other tissue treatment. In a typical embodiment, tissue manipulating elements 317a and 317b
are expanded and positioned proximate target tissue 10 as shown in Fig 8A, such as when elements 317a
and 317b are positioned to straighten approximately 2 cm to 5 cm of the duodenum. Walls W may
include multiple folds or curved portions as shown in Fig. 8A. In Fig. 8B, shafts 311a has been advanced
and/or shaft 311D retracted, such as via one or more controls on the proximal end of shafts 311a and/or
311b, not shown but typically incorporated into a handle on the proximal end of device 301. The
advancement of shaft 311a and/or the retraction of shaft 311b causes manipulating element 317a to apply
a force to the right of the page as shown and/or manipulating element 317b to apply a force to the left of
the page as shown, respectively, to target tissue 10. These forces cause target tissue 10 to be in tension,
such as to remove or reduce one or more folds in target tissue 10; to straighten target tissue 10; to position
target tissue 10; to support target tissue10; and combinations of these. Treatment element 320 can be
activated prior to, during, or after application of the tensioning (i.e. axial) forces by manipulating
elements 317a and/or 317b. Alternatively or additionally, an insufflation fluid can be introduced,
proximal to manipulating element 317a (e.g. between elements 317a and 317b which form a relative seal
with the luminal wall), causing the luminal wall tissue to radially expand, straighten and/or otherwise be
manipulated due to the increased intraluminal pressure.

[0259] Treatment of target tissue 10 may include multiple tissue manipulating steps, such as when
target tissue 10 is longer than that shown in Figs. 8 A and 8B. In these embodiments, manipulating
elements 317a and 317b may apply a force to a first tissue segment, after which they are radially
compacted, advanced, and radially expanded such as to apply a force to a second tissue segment. Tissue
treatment is typically performed after cach tensioning by manipulating elements 317a and 317b, and may
be repeated for multiple tissue segments. In certain embodiments, after a sequence of advancing of shafts
311a and 311b, a sequence of retractions is performed, also operating manipulators 317a and 317b to
tension tissue segments and activating treatment clement 320 to treat these tissue segments.

[0260] The systems of the present inventive concepts may treat tissue in a single step or multiple steps.

Devices including tissue treatment clements may be positioned a single time for a single treatment, or
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repositioned multiple times for multiple treatments. Devices including tissue manipulating clements may
have one or more tissue manipulating elements positioned a single time, or multiple times. Tissue
manipulations may be performed a single time, or multiple times. Energy delivery or other tissue
treatment may remain relatively constant through a tissue treatment or over multiple treatments.
Alternatively, energy delivery may be varied through a tissue treatment and/or over multiple treatments.
[0261] In one embodiment, the tissue manipulating elements 317a and 317b of Figs. 8A and §B are
positioned a single time in a single location, after which energy is applied by tissue treatment clement
320. Inthis embodiment, energy may be applied without moving tissue treatment element 320 (¢.g. ina
single energy delivery application or in multiple applications at the same location). The single step
delivery may require a large amount of energy to be delivered, such as by tissue treatment elements
configured to deliver cryogenic energy; thermal energy such as hot fluid energy; RF energy such as RF
energy delivered through multiple electrode arrays. Alternatively, tissue treatment element 320 may be
rotated and/or translated back and forth, still without repositioning manipulating elements 317a and 317b
(i.e. delivering energy to tissue between elements 317a and 317b). In a different embodiment, tissue
manipulating elements 317a and 317b are positioned in multiple locations, and tissue treatment element
320 may deliver a single position energy delivery or multiple position energy delivery accomplished with
rotation and/or translation. During movement of treatment element 320, energy or other treatment
parameters may be varied or remain constant.

[0262] Movement of treatment element 320 combined with modification of energy delivery may be
used to achieve one or more of: vary depth of treatment and/or maintain depth of treatment; minimize
peak energy levels that need to be delivered to properly treat the target tissue; monitor previously treated
tissue for potential re-treatment or modified re-treatment; monitor tissue to be treated to set treatment
parameter such as energy level; overlap tissue treatment areas; and combinations of these.

[0263] Tissue manipulating elements 317a and/or 317b may be of numerous forms including but not
limited to: inflatable balloons; expandable cages; deployable arms such as radially deployable arms; and
combinations of these. Tissue manipulating elements 317a and/or 317b may be configured to occlude or
partially occlude a lumen such as the intestine, such as during an insufflation procedure. Tissue
manipulating elements 317a and/or 317b may be further configured to treat tissue, such as to complement
or replace tissue treatment element 320.

[0264] In one embodiment, tissue manipulating elements 317a and 317b are balloons or other radially
expandable structures (e.g. expandable cages) configured to be pressurized to a level sufficient to exert a
traction force on an intestinal wall, such as the wall of the duodenum. Alternatively or additionally,
manipulating clements 317a and 317b may be balloons or other occlusive structures configured to allow
insufflation of a luminal volume between elements 317a and 317b. In a typical embodiment,
manipulating clements 317a and 317b arc balloons of approximately 2 inches to 4 inches in length, and
manipulated (¢.g. pulled apart longitudinally) to position target tissuc in a laminar and/or uniform

working surface configuration.
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[0265] In an alternative embodiment, corkscrew stretching may be employed. This stretching may
involve an enteroscopy system, such as a spiral enteroscopy system that is rotated into position. These
systems can be used that to re-shape target tissue such as the duodenum, such as when the ablation or
other target tissuc treatment devices advance or retract along the duodenum,

[0266] Fig. 9 illustrates a side sectional view of a distal portion of a tissue treatment system including
an expandable treatment clement and two tissue manipulating clements, according to embodiments of the
present inventive concepts. System 300 is constructed and arranged to treat target tissue 10, including
one or more tissue portions as described above in reference to Fig. 3A. System 300 includes device 301
which has been inserted into a body lumen, such as the duodenum or other gastrointestinal lumen, which
includes walls W and target tissue 10, typically a 360° segment of intestinal tissue. Device 301 includes
shaft 311a which is slidingly received by shaft 311c. Shaft 311c¢ is slidingly received by shaft 311b.
Shafts 311a and 311b include manipulating elements 317a and 317b, respectively, of similar construction
and arrangement as manipulating elements 317a and 317b of Figs. 8A and §B. Shaft 311b may be
configured to be slidingly passed through a separate device, such as an endoscope, after which
manipulating elements 317a and 317b are expanded to engage luminal walls W. Shaft 311a may include
a lumen 313, such as a guidewire lumen, which exits shaft 311a at distal end 312.

[0267] Mounted to shaft 311c is ablation element 322 which includes expandable element 327,
typically a balloon such as a conformal or non-conformal balloon configured to operably expand to
contact, compress and/or otherwise engage luminal wall tissue W. Mounted to expandable element 327 is
electrode 328, typically a flexible conductive strip, such as a platinum iridium strip adhesively attached to
expandable element 327. Electrode 328 may be attached to an energy delivery unit, not shown, but
typically configured similar to EDU 330 of Fig. 5 described hereabove, such as via one or more wires, not
shown. Electrode 328 may be configured to deliver monopolar RF energy, such as to a ground pad
electrode. Electrode 328 may be configured to deliver bipolar RF energy, such as when device 301
includes a separate electrode, not shown, or when electrode 328 comprises multiple segmented electrodes
along the circumferential surface of expandable element 327. System 300 may include an electrically
and/or thermally conductive gel, not shown but configured to energy delivery and/or compensate for any
non-uniform surfaces such as the crenulations and intestinal villi of the duodenum. Alternatively, light
energy may be delivered through expandable element 327. In this embodiment, an optically transmissive
gel may be used to improve coupling between element 327 and target tissue.

[0268] Expandable clement 327 may be configured to apply pressure to the luminal wall W such that
sufficient and uniform contact between electrode 328 and the target tissue 10 is present. Application of
pressure may be performed to “squeeze out” blood, thus reducing the heat sinking effect of the flowing
bodily fluid within or proximate to the tissue to be treated. Applied pressure may also thin (c.g.
compress) the tissue wall to be treated, such that the radiative transfer of applied energy is improved and

thermal conduction reaches into deeper layers of tissue.
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[0269] Expandable element 327 and electrode 328 are configured such that multiple energy deliveries
may be performed to treat target tissue 10. After a first energy delivery is performed and prior to a
second energy delivery, one or more manipulations may be performed such as: rotating electrode 328;
advancing or retracting clectrode 328; advancing or retracting manipulating clements 317a and/or 317b;
and combinations of these. Multiple energy or other tissue treatments are performed until target tissue 10
is sufficiently treated, such as is described in reference to Figs. 5, 6 and/or 7 hercabove.

[0270] In certain applications, it may be desirable to manipulate target tissue 10 prior to applying
energy or other tissue treatment, such as has been described in detail hereabove in reference to Fig. 8A
and 8B. Treatment of target tissue 10 may include multiple tissue manipulating steps, such as when target
tissue 10 is longer than that shown in Fig. 9. In these embodiments, manipulating elements 317a and
317b may apply a force to a first tissue segment, after which they are radially compacted, advanced, and
radially expanded such as to apply a force to a second tissue segment. Tissue treatment is typically
performed after each tensioning by manipulating elements 317a and 317b, and may be repeated for
multiple tissue segments. In certain embodiments, after a sequence of advancing of shafts 311a and 311b,
a sequence of retractions is performed, also operating manipulators 317a and 317b to tension tissue
segments and activating treatment element 320 to treat these tissue segments.

[0271] Energy delivery steps described in reference to system 300 of Figs. 8A and 8B hereabove may
be performed using system 300 of Fig. 9, where tissue manipulating elements 317a and 317b of Fig. 9
may be placed a single time or multiple times. Expandable element 327 and electrode 328 may be
positioned for single or multiple energy deliveries, with or without the repositioning of manipulating
elements 317a and 317b. During any movement of treatment element 320, energy or other treatment
parameters may be varied or remain constant. Movement of treatment element 320 combined with
modification of energy delivery may be used in a similar fashion to that described above in reference to
Figs. 8A and §B.

[0272]  Fig. 10 illustrates side and end views of a distal portion of a tissue treatment system including
an expandable treatment clement comprising a multiple lobed balloon, according to embodiments of the
present inventive concepts. System 300 is constructed and arranged to treat target tissue, including one or
more tissue portions as described above in reference to Fig. 3A. System 300 includes device 301 which
includes a multi-lobed treatment element 320. Device 301 includes shaft 311 upon which treatment
element 320 is mounted. Lobes 326 of treatment clement 320 are fluidly connected to a lumen of shaft
311, lumen not shown but traveling proximally to an inflation port typically mounted to a handle of
device 301. Shaft 311 may be configured to be slidingly passed through a separate device, such as an
endoscope, after which treatment clement 320 is expanded to engage the target tissue, such as the walls of
a lumen. Shaft 311 may include a lumen 313, such as a guidewire lumen, which exits shaft 311 at distal
end 312.

[0273] Treatment clement 320 is shown in its radially expanded state, sized to engage the walls of a

body lumen such as walls of the duodenum. Lobes 326 arc constructed and arranged such that a separate
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device (e.g. an imaging or treatment device of system 300) can be passed between one or more of lobes
326 when treatment element 320 is positioned in a body lumen and expanded. Lobes 326 are typically
filled with a fluid at an clevated temperature, such as saline at approximately 65°C to 90°C, such that
target tissue can be ablated or otherwise treated by treatment element 320. Temperature and duration of
treatment may be selected such that tissue located between lobes 326 is also sufficiently treated.
Alternatively, shaft 311 and lobes 326 may be rotated between successive energy applications in order to
perform a 360° ablation. Successive deployments of treatment clement 320 may be performed with
treatment of target tissue at one or more locations. Prior to and/or during each tissue treatment, target
tissue and/or tissue proximate target tissue may be manipulated, such as has been described hercabove.
Alternatively or additionally, lobes 326 may include one or more electrodes, such as electrodes
configured to deliver electromagnetic energy such as RF energy.

[0274]  Fig. 11 illustrates a side view of a distal portion of a tissue treatment system including an
expandable treatment element comprising a multi-electrode cage, according to embodiments of the
present inventive concepts. System 300 is constructed and arranged to treat target tissue, including one or
more tissue portions as described above in reference to Fig. 3A. System 100 comprises device 301 which
includes a multi-electrode treatment element 320. Device 301 includes shaft 311 upon which treatment
element 320 is operably mounted. Shaft 311 may be configured to be slidingly passed through a separate
device, such as an endoscope, after which treatment element 320 is expanded to engage the target tissue,
such as the walls of a lumen. Shaft 311 may include a lumen 313, such as a guidewire lumen, which exits
shaft 311 at distal end 312.

[0275] Treatment element 320 includes cage 325, shown in its radially expanded state and sized to
engage the walls of a body lumen such as walls of the duodenum. Cage 325 is operably attached to one
or more deployment shafts or cables, not shown, but typically configured to deploy (i.c. radially expand)
cage 325 when placed in tension through retraction, and to compact (i.e. undeploy) cage 325 when
advanced. Cage 325 is constructed and arranged such that a separate device can be passed between one or
more arms of cage 325 when treatment element 320 is positioned in a body lumen and expanded.

[0276] Electrodes 324 of treatment clement 320 are mounted to cage 325 and are electrically
connected to one or more wires, not shown but traveling proximally to an electrical connected typically
mounted to a handle of device 301. An energy delivery unit, also not shown but of similar construction to
EDU 330 of Fig. 5, is configured to deliver monopolar and/or bipolar energy to one or more of electrodes
324. Energy, typically RF energy, may be delivered to electrodes 324 such that target tissue can be
ablated or otherwise treated by treatment clement 320. Energy, temperature and/or duration of treatment
may be selected such that tissue located between electrodes 324 is also sufficiently treated. Energy
delivery to electrodes 324 may be configured to do a full circumferential tissue treatment after a single
positioning step, with one or more energy deliveries. Alternatively, shaft 311 and clectrodes 324 may be
rotated between successive energy applications in order to perform a 360° ablation. Successive

deployments of treatment clement 320 may be performed with treatment of target tissue at one or more
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locations. Prior to and/or during cach tissue treatment, target tissue and/or tissuc proximate target tissue
may be manipulated, such as has been described hercabove.

[0277] Fig. 12 illustrates a side view of a tissue treatment system including two tissue treatment
clements, a balloon supported mesh abrader and a balloon configured for hot fluid containment, according
to embodiments of the present inventive concepts. System 300 is constructed and arranged to treat target
tissue, including one or more tissue portions as described above in reference to Fig. 3A. System 100
comprises device 301 which includes a first tissue treatment element 320 and second tissue treatment
element 321. Device 301 includes shaft 311 upon which treatment ¢lements 320 and 321 are operably
mounted. Shaft 311 may be configured to be slidingly passed through a separate device, such as an
endoscope, after which treatment elements 320 and 321 and sequentially or simultaneously expanded to
engage target tissue, such as the walls of a lumen. System 300 may include guidewire 371, and shaft 311
may include a lumen 313 configured to slidingly receive guidewire 371 for over-the-wire advancement of
device 301 and/or other body-insertable devices of system 300 such as endoscope or second tissue
treatment device.

[0278] Treatment element 320, shown in its radially expanded state, is sized to engage the walls of a
body lumen such as walls of the duodenum. Treatment element 320 includes expandable element 327a
(e.g. an expandable balloon), which is surrounded by an abrasive element 322a (e.g. a mesh abrader with
the diamond pattern shown in Fig. 12). Abrasive element 322a may include a roughened surface and/or
may be impregnated with abrasive material such as a grit or other abrasive material. Expandable element
327a is fluidly connected to a lumen within shaft 311, not shown but in fluid connection with inflation
port 303 (e.g. a standard luer connector) mounted to handle 302. Inflation fluid such as air, CO,, or
saline can be introduced through shaft 311 to radially expand abrasive element 322a. Tissue treatment is
accomplished by translating shaft 311 back and forth and/or rotating shaft 311 while abrasive element
322a is in contact with luminal wall tissue. The treatment may be adjusted by the radial force applied to
expandable element 327a (i.e. the pressure within element 327a), the axial force applied to expandable
element 327a, a rotational force applied to expandable element 327a, and combinations of these.

[0279] Treatment element 321, also shown in its radially expanded state, is sized to engage the walls
of a body lumen such as walls of the duodenum. Treatment element 321 includes expandable element
327b (e.g. an expandable balloon), which is configured to be filled with hot fluid 322b (e.g. saline heated
to a temperature of approximately 65°C to 90°C). Expandable clement 327b is fluidly connected to a
lumen within shaft 311, not shown but in fluid connection with inflation port 304 (e.g. a standard luer
connector), such that heated saline can be introduced through shaft 311 to radially expand expandable
clement 327b and treat target tissue proximate hot fluid 322b. Tissue treatment is achicved by heat
transfer from hot fluid 322b to tissue through expandable clement 327b. In some embodiments,
expandable clement 327b may be moved relative to the target tissue during the tissue treatment, such as

axial or rotational movement to deliver heat to a tissue surface arca longer than expandable element 327b.
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[0280] Successive deployments of treatment clements 320 and 321 may be performed with treatment
of target tissuc at one or more locations. Prior to and/or during cach tissue treatment, target tissue and/or
tissue proximate target tissue may be manipulated, such as has been described herecabove.

[0281] Fig. 13A illustrates a side sectional view of a target tissuc expansion device positioned within
the gastrointestinal tract according to embodiments of the present inventive concepts. Endoscope 350 has
been advanced to a location within a body lumen such as the duodenum. Fluid expansion device 390 has
been inserted into and is shown exiting from endoscope 350. Expansion device 390 includes an clongate
shaft 391 positioned proximate the duodenal mucosa 201. Fluid 395 is shown exiting a lamen of shaft
391. Shaft 391 and device 390 are configured to deliver fluid 395 in a waterjet fashion, such as through
use of high pressure delivery through a nozzle, pressurization means and nozzle, not shown. Submucosal
layer 203 has begun its expansion, circumferentially as shown in Fig, 13A. Expansion of submucosal
layer 203 may be performed to increase the target area for treatment by one or more devices of the present
inventive concepts, such as one or more devices described hereabove. The increased target area may be
advantageous in preventing non-target tissue from being treated (e.g. ablated or abraded), such as by
expanding a safety margin of target tissue.

[0282] Fig. 13B illustrates a side sectional view of another target tissue expansion device positioned
within the gastrointestinal tract, according to embodiments of the present inventive concepts. Device
390° of Fig. 13 A has been inserted into and is shown exiting from endoscope 350. Device 390° is similar
in form and function to device 390 of Fig. 13A other than shaft 391° includes an advanceable needle 392.
Advanceable needle 392, instead of the water jet of Fig. 13A, is configured to penetrate into tissue such
that fluid 395 can be delivered into and expand tissue.

[0283]  Figs. 14 thru 15 illustrate procedural steps 400 of embodiments of the inventive concepts where
a target area of the duodenum is treated. Note that the step of determining the target area may be
applicable to each embodiment discussed in connection with Figs. 14-16. The procedure may start at step
402. At step 404, the endoscope 302 may be inserted inside a patient’s body after a patient is under the
effect of anesthesia such as general anesthesia or intravenous conscious sedation. The endoscope 302
may fit into the existing lumen of the scope over the guidewire. Thereafter, at step 408, a protective
insertion may be delivered into the Ampulla of Vater 118. At step 410, the RF balloon 304 and the
cutting balloon 308 may be used to elongate and linearize the duodenal mucosa. At step 412, any manner
of therapy described above to treat, destroy, or remove tissue may be applied in a stepwise manner. At
step 414, the protective insertion may be removed from the Ampulla of Vater 118. Finally, the endoscope
302 may be removed from the body at step 418. The procedure may finish at step 420. In accordance
with an embodiment of the present inventive concepts, the procedure for the treatment of diabetes may
also include monitoring the depth of treatment. In accordance with this embodiment, a placcholder may
be provided with the endoscope 302. Monitoring the depth of ablation or scraping may be done with the
use of the sensors that may be fitted along with the endoscope 302.
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[0284] In accordance with certain embodiments of the present inventive concepts, relevant
physiological parameters such as glucose, insulin, and the like in the ensuing days, weeks or months may
also be monitored with the use of the sensors. The method described above may be utilized not only to
treat diabetes, but also to improve diabetes symptoms, treat metabolic syndrome, improve glucose
tolerance, reduce insulin-resistance in a patient, as well as reducing weight or obesity, and the like.
[0285] Insome embodiments of the inventive concepts, the method described herein attempts and
achieves altered hormonal signaling. Accordingly, the device used in accordance with an embodiment of
the inventive concepts may be coupled with the monitoring of this hormonal signaling as a measure of
efficacy. This may be accomplished by sampling the blood or lymphatic channels or endoluminal
contents themselves for hormones released into the GI tract, or by some other manner.

[0286] Referring to Fig. 15, an embodiment of the present inventive concepts for the treatment of
Type-2 diabetes is described. The procedure may start at step S02. At step 504, an endoscope 302 may
be inserted inside a patient’s body after a patient is under the effect of anesthesia such as general
anesthesia or spinal anesthesia. Thereafter, at step 508, a protective insertion may be delivered into the
Ampulla of Vater 118. At step 510, the RF balloon 304, and the cutting balloon 308 may be used to
elongate and linearize the duodenal mucosa. At step 512, energy may be applied to the treatment arcas
causing treatment of the duodenal mucosa which can be, for example, in a stepwise manner. The treated
duodenal mucosa may be shaved with the use of the cutting balloon 308 that may be equipped with a
cutting device. The removal of the patient’s duodenal mucosa may keep the rest of the patient’s
duodenum 114 anatomically intact. Further, elimination of stem cells may also be done to prevent re-
growth. The process of applying energy and using mechanical device to abrade or cut the mucosa may
include multiple treatments in series alternating between energy and abrading or it can include multiple
energy steps with fewer abrading or multiple abrading steps with fewer energy steps. At step 514, the
protective insertion may be removed from the Ampulla of Vater 118. Finally, the endoscope 302 may be
removed from the body at step 518. At step 520, the patient’s jejunal mucosa may be promoted to grow
from the jejunal stem cells that are present in the place of the removed duodenal mucosa. Such promotion
may be achieved by selecting a target arca in accordance with pattern C on Fig. 3A.

[0287] The method described above may be utilized to treat diabetes as well as to improve diabetes
symptoms, treat metabolic syndrome, improve glucose tolerance, reduce insulin-resistance in a patient, as
well as reducing weight or obesity, and the like. The particulars of any treatment protocol for any of the
above treatments can vary significantly and still be within the scope of this inventive concepts.

[0288] Referring to Fig 16, procedures of treatment of Type-2 diabetes are described, in accordance
with another embodiment of the present inventive concepts. Fig, 16 illustrates a flow chart describing
procedural steps 600 of the treatment of diabetes, in accordance with the third embodiment. The
procedure may start at step 602. At step 604, a patient’s bile salts and pancreatic enzymes that have still
not come in contact with food ingested by the patient may be accessed. At step 608, the accessed bile

salts and the pancreatic enzymes may be delivered to the patient’s duodenum 114, The procedure may
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end at step 610. In accordance with this embodiment, the treatment may be based on direct routing of the
unreacted (with the ingested food) bile salts and pancreatic enzymes to the duodenum 114 from the
pancreatic ducts and bile ducts. The method described in this embodiment may be utilized not only to
treat diabetes but also to improve diabetes symptoms, treat metabolic syndrome, improve glucose, reduce
insulin-resistance in a patient, as well as reducing weight or obesity, and the like. Various modifications
can be made to the procedure and still be within the scope of the inventive concepts.

[0289] Referring to Fig 17, procedures of treatment of Type-2 diabetes are described, in accordance
with still another embodiment of the present inventive concepts. Fig. 17 illustrates a flow chart
describing procedural steps 700 of the treatment of diabetes, in accordance with the fourth embodiment.
The procedure may start at step 702. At step 704, a patient’s bile salts and pancreatic enzymes that have
still not come in contact with food ingested by the patient may be accessed. At step 708, the ingested
food may be prevented from reacting with the patient’s bile salts and pancreatic enzymes. This may
occur in a number of ways, for example, the energy treatments and mechanical treatments above.
Additionally, other energy delivery or mechanical techniques to prevent the patient’s bile salts and
pancreatic enzymes may be used and still be within the scope of the inventive concepts. At step 710, the
ingested food may be prevented from reacting with the patient’s duodenal mucosa. This may occur using
the energy delivery and mechanical treatments described above. Additionally, other energy delivery or
mechanical techniques may be used and still be within the scope of the inventive concepts. At step 712,
the accessed bile salts and pancreatic enzymes may be delivered to the patient’s jejunum. The procedure
may complete at step 714.

[0290] In accordance with this embodiment, the treatment may be based on direct routing of the
unreacted bile salts and pancreatic enzymes (with the ingested food) to the jejunum from the pancreatic
ducts and bile ducts. The method described in this embodiment may be utilized not only to treat diabetes
but also to improve diabetes symptoms, treat metabolic syndrome, improve glucose tolerance, reduce
insulin-resistance in a patient, as well as reducing weight or obesity, and the like. The treatment protocols
for each of these treatments may be different and still be within the scope of the present inventive
concepts.

[0291] The above-described procedures may provide alteration of the mucosa in the proximal small
intestine itself, leaving an altered substrate that may consequently change the hormonal milieu in such a
way as to ameliorate the diabetes. Further, the therapeutic, endoscopic approach may be utilized to alter
gastrointestinal mucosa in order to alter hormonal balance for treating metabolically mediated conditions,
such as diabetes. In addition, the therapeutic, endoscopic approach may facilitate altering of
gastrointestinal mucosa to alter cholesterol transport and treat hypercholesterolemia. In accordance with
various other embodiments, other conditions and factors may be treated by altering the duodenal mucosa.
These conditions and factors may include energy expenditure; weight, appetite, insulin resistance;

absorptive syndromes and disorders (celiac); and getting jejunum mucosa to grow back over.
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[0292] The treatment of duodenal mucosa in accordance with the described procedures may allow
growth of local proximal and/or distal mucosa that may have different and more beneficial hormonal
characteristics in the management of diabetes. For example, treatment of distal jejunal tissue may be
performed to allow ileum to grow proximally. As in another example, treatment of terminal ileum
mucosa may be performed to replace it with more proximal ileal mucosa and/or colonic mucosa and
therefore, prevent bile salts and cholesterol from being ingested. This may therefore serve as a treatment
for hypercholesterolemia. In accordance with an embodiment, this may be achicved by the
transplantation of mucosa/stem cells from one region of the intestinal lumen to another in order to
encourage changes in the mucosal behavior due to the presence of different stem cells. The treatment
procedure may also include explantation of mucosal tissue from distal ileum and transplant the cells to the
treated duodenum to induce ileal mucosal growth more proximally in the small intestine since certain
hormonal cells from the distal small intestine (L cells) are considered to release anti-diabetic hormones in
response to a food bolus.

[0293] The mucosa may also be treated to a specific depth. For example, a top level may be removed
and the lower level left as it is, e.g., partially damaged. This procedure may be done via ablation with RF,
lasers, cryo such as microwave, and the like.

[0294] Because much of the hormonal signaling activity occurs at the level of duodenal bulb, the
present treatment may preferably be performed in this region without causing any damage or
inflammation/stricture to the Ampulla of Vater 118 or sphincter of Oddi 120 that deliver bile salts and
pancreatic enzymes to the intestinal lumen. This may facilitate in improving diabetes and related
syndromes, changing hormonal signals, protecting the sphincter of Oddi 120, preserving peristaltic
functions, protecting pancreatic ducts, and the like.

[0295] The procedure described in conjunction with the above embodiments (Figs. 14 - 17) may be
followed by post-procedure care. The post-procedure care may involve monitoring for strictures and
perforation, monitoring for malabsorption, nutrient and/or vitamin supplementation, and the like.

[0296] Embodiments of the present inventive concepts, as described above, may provide a method of
treatment of Type-2 diabetes through a non-implant and non-surgical procedure. An advantage of the
described embodiments of the present inventive concepts may be that the treatment through the
endoscopic solution to diabetes may not leave an implant behind, may not ablate enough of the intestinal
tract so as to cause malabsorption of nutrients, may not prevent entry of bile salts or pancreatic enzymes
in the tract, and may not reroute food cither through a device within the lumen or a device or region of
human anatomy outside the traditional lumen to avoid interaction with the mucosal surface.

[0297] Embodiments of the present inventive concepts may improve glucose responsiveness and
reduce insulin sensitivity. Further, the endocrine cells may release hormones that may enter the body
from the duodenal mucosa and have effects such as affecting insulin resistance. In addition, different

amounts of hormones may be released and cells may respond differently to stimulus than after the present
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treatment procedure is performed. The present inventive concepts may also enable blood glucose control
and prevention of re-growth.

[0298] In order to alter the duodenal mucosa, one can use locally delivered drugs, such as (but not
limited to) mitomycin C or a diluted acid. This can be combined with the procedure described herein in
any number of ways (to prevent mucosal regrowth, to alter the local histology/architecture, to induce
scarring, to prevent scarring, or to induce metaplasia). Many vehicles in which or with which these drugs
can be applied or administerced.

[0299]  The therapies may also be coupled with oral medicines. These may include (but are not limited
to) vitamin supplements, acid blocking drugs, mucosal healing agents, bile/pancreatic cnzyme
supplements, Mitomycin C, diluted acid, 5-FU, Cyclosporin (M-tor inhibitors), Sirolimus, FK506, a “-
Limus” drugs, and anything used for drug-eluding stents. Toxins may also be injected into the
submucosa (area between muscularized mucosa and epithelium). In addition, agents that cut off the
mucosa from the blood flow or nutrients below it may be used. Sclerotherapy (injecting scarring agents
into tissue) and altering mucosal re-growth may be used.

[0300] The present inventive concepts also contemplate that other techniques that may be combined
with the ones described above. For example, polymer coatings could be applied to a treatment area after
(or before) a particular treatment. When using a polymer coating, the cells may be treated, e.g., rendered
inactive, and then coated. Additionally, a coating or sleeve may be painted on a treatment area. Again,
this could occur after (or before) a particular treatment. Other treatments may include a scaffold and/or
stent that could be used to cause a hypertropic reaction and/or encourage fibrosis. Additionally spray
material, e.g., Nitinol, may be used to coat a treatment area. Further, a mucosal/epithelial graft may be
used. In this embodiment, for example, a piece of jejunal or iliac tissue (or even esophageal tissue) is
obtained, grown, and placed in the duodenum to create a new type of tissue in the duodenum. For
example a graft of iliac tissue could be used to create a whole region of ileum in a treatment location of
the duodenum.

[0301] In one embodiment, an ablation is undertaken and then a sleeve is implanted for a time period
when the epithelium is growing back. This may be necessary in order to prevent improper wound healing
or infection.

[0302] In certain embodiments mentioned above, a protective cap 802 is used, as is illustrated in FIG.
18. This is a safety mechanism to protect a region, €.g., the Ampulla of Vater or Sphincter of Oddi. This
technique includes inserting a wide-brimmed cap into a duct. There are many ways in which the cap can
be inserted, held in place, and removed. For example, the cap 802 may be held in place with springs 804
that exert an outward pressure against the walls of the duct. After completion of the entire procedure, the
cap can be removed with a snare and removed through the endoscope. When temporarily in place, it
prevents bile salts from emptying into the duodenum. Sphincter of Oddi and ducts from bile and
pancreatic enzymes enter the second portion of the duodenum. A sleeve, e.g., Gl Dynamics

device/sleeve, is installed just distal from that sphincter (so food mixes with pancreatic enzymes and the
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bile salts) before going into the sleeve. This limits the arca of therapy to second portion of duodenum and
beyond. Ablation may be done across the entire duodenum. Because no damage can occur to Sphincter of
Oddi or the bile ducts, it is recommended to place a cap that would protect those elements from the effect
of ablation. This may involve mechanically insulating, thermally insulating, electrically insulating, or
rendering it optically opaque.

[0303] The systems and devices of the present inventive concepts include one or more treatment
clements constructed and arranged to treat target tissue. A treatment clement may be tissue contacting,
such a hot or cold (e.g. cryogenic) fluid filled balloon or am expandable cage including one or more
electrodes configured to deliver radiofrequency energy. The treatment clements may be expandable
and/or they may be mounted to an expandable element. Expandable elements include but are not limited
to: balloons; deployable cages; radially deployable arms; and combinations of these. The expandable
elements may be configured to contact tissue, engage with tissue, and potentially to compress or
otherwise exert a force upon tissue.

[0304] A treatment element or another component of a device or system of the present inventive
concepts may include one or more coatings, such as a coating applied to a shaft, a balloon or an
expandable cage. The coating may be configured to be released, such as throughout the procedure, or
remain in tact such as a lubricious coating configured to improve advancement or retraction of a device or
component.

While the preferred embodiments of the devices and methods have been described in reference to the
environment in which they were developed, they are merely illustrative of the principles of the inventive
concepts. Modification or combinations of the above-described assemblies, other embodiments,
configurations, and methods for carrying out the inventive concepts, and variations of aspects of the
inventive concepts that are obvious to those of skill in the art are intended to be within the scope of the
claims. In addition, where this application has listed the steps of a method or procedure in a specific
order, it may be possible, or even expedient in certain circumstances, to change the order in which some
steps are performed, and it is intended that the particular steps of the method or procedure claim set forth
herebelow not be construed as being order-specific unless such order specificity is expressly stated in the

claim.
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WHAT IS CLAIMED IS:

1. A system for treating diabetes in a patient, the system comprising a treatment
device including:

a viewing component constructed and arranged to allow the duodenal mucosa to be
evaluated;

a selecting component constructed and arranged to select a target arca of the patient’s
duodenal mucosa to treat; and

a treating component constructed and arranged to treat a treatment arca of the patient’s
duodenal mucosa, such that the treatment leaves the patient’s duodenum anatomically intact with respect
to the patient’s stomach and jejunum;

wherein said treatment area includes an area in of the duodenal mucosa that is contiguous

with an area in at least one of the patient’s jejunal mucosa and gastric mucosa.

2. The system of claim 1 wherein the treating component is adapted to remove the

patient’s duodenal mucosa and the treatment comprises eliminating stem cells in the duodenal mucosa.

3. The system of claim 1 wherein the treating component is adapted to ablate tissue

in the duodenal mucosa.

4. The system of claim 1 wherein the treating component is adapted to ablate the
duodenal mucosa and further comprises a first balloon equipped with an ablative subcomponent for
ablating the duodenal mucosa.

S. The system of claim 1 wherein the treating component is adapted to removing the
patient’s duodenal mucosa and further comprises a shaver and/or scraper for shaving at least a portion of

the duodenal mucosa.

6. The system of claim 5 wherein the shaver and/or scraper of the treating

component comprises a balloon equipped with a cutting device for treating the duodenal mucosa.

7. The system of claim 1 further comprising a tissue expansion device.

8. The system of claim 7 wherein the tissue expansion device is constructed and

arranged to expand submucosal tissue of the duodenum.

9. A system for treating a patient comprising:

an clongate tube comprising a distal portion; and
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a treatment e¢lement positioned on the clongate tube distal portion;

wherein the treatment clement is constructed and arranged to treat target tissue and to
reduce adversely affecting non-target tissue, and

wherein the system is constructed and arranged to treat one or more of: Diabetes; Type-1
Diabetes; Type-2 Diabetes; hypercholesterolemia; a metabolic syndrome; disease; celiac disease; obesity;

cancer such as bronchoalveolar carcinoma; and cystitis..

10. The system of claim 9 wherein the system does not comprise a chronic implant.

11. The system of claim 9 wherein the system is constructed and arranged to treat
mucosa of the duodenum such that mucosal tissue that replaces the treated mucosa functions differently

than the pre-treated mucosa.

12. The system of claim 11 wherein said different function comprises different

secretions; different quantities of secretions; and/or different absorptive properties.

13. The system of claim 9 wherein the target tissue comprises a first portion and a
second portion, and wherein the system is constructed and arranged to perform a first treatment to treat

said first target tissue portion and to perform a second treatment to treat said second target tissue portion.

14. The system of claim 13 wherein said first tissue portion overlaps said second
tissue portion.

15. The system of claim 13 wherein said first treatment is dissimilar to said second
treatment.

16. The system of claim 9 wherein the treatment of the target tissue comprises a

cellular modification selected from the group consisting of: modified cellular function; cell death;

apoptosis; instant cell death; cell necrosis; denaturing of cells; removal of cells; and combinations thereof.

17. The system of claim 9 wherein the target tissue comprises treatment tissue

comprising tissue whose treatment causes a desired therapeutic effect.
18. The system of claim 17 wherein the target tissue further comprises a safety

margin of tissue comprising tissuc proximate said treatment tissue, wherein the safety margin of tissue is

minimally affected by the tissue treatment.
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19. The system of claim 18 wherein the treatment tissue comprises a mucosal layer

and wherein the safety margin of tissue comprises at least a partial layer of a submucosal layer.

20. The system of claim 9 wherein the target tissue comprises a depth, a length and a

width, and wherein the depth varies along the length and/or the width.

21. The system of claim 20 wherein the system is constructed and arranged to treat

the target tissue in a first treatment step and a second treatment step.

22, The system of claim 21 wherein said first treatment step and said second

treatment step comprise different energy delivery.
23. The system of claim 9 wherein the target tissue comprises a first tissue portion
and a second tissue portion and wherein the system is constructed and arranged to sequentially treat said

first tissue portion and said second tissue portion.

24. The system of claim 23 wherein said first tissue portion has different

characteristics than said second tissue portion.

25. The system of claim 24 wherein the different characteristics include one or more

of: tissue type such as tissue layer type; tissue density; and tissue thickness.

26. The system of claim 24 wherein the first tissue treatment is different than the

second tissue treatment.

27. The system of claim 26 wherein the tissue treatment difference comprises a

difference in one or more of: energy level; delivery duration; and tissue temperature during delivery.

28. The system of claim 9 wherein the treatment element is constructed and arranged

to be radially expandable and/or radially extendable.

29. The system of claim 28 wherein the treatment element is constructed and

arranged to radial expand and/or radially extend to a diameter of at least 1 cm.

30. The system of claim 9 wherein the treatment clement comprises an expandable

balloon including fluid at a temperature of approximately 65°C to 90°C.
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31. The system of claim 9 further comprising a second treatment element.

32. The system of claim 31 further comprising a second ¢longate tube wherein the

second treatment element is positioned on the second elongate tube.

33. The system of claim 9 wherein the treatment clement is constructed and arranged

to deliver energy.

34, The system of claim 33 wherein the treatment element is constructed and
arranged for closed loop energy delivery.
35. The system of claim 34 further comprising a sensor, wherein the system is

constructed and arranged to deliver energy based on signals recorded by the sensor.

36. The system of claim 9 wherein the treatment element is constructed and arranged
to deliver energy selected from the group consisting of: electromagnetic energy such as radiofrequency
energy; sound energy such as ultrasound energy and subsonic sound energy; light energy such as laser
energy, infrared energy and visible light energy; chemical energy; heat energy such as heat energy
delivered from a hot fluid; cryogenic energy; mechanical energy such as mechanical energy delivered by

an abrasive element;

37. The system of claim 9 wherein the treatment element is constructed and arranged

to deliver two forms of energy.

38. The system of claim 37 further comprising a second treatment element wherein
the first treatment element is constructed and arranged to deliver a first form of energy and the second

treatment element is constructed and arranged to deliver a second form of energy.

39. The system of claim 37 wherein the system is constructed and arranged to deliver

the two forms of energy simultaneously and/or sequentially.

40. The system of claim 9 wherein the elongate tube comprises at least a portion

constructed and arranged to be inserted through a working channel of a body access device.
41. The system of claim 40 wherein the body access device is selected from the

group consisting of: an endoscope; a laparoscopic port; a transgastric access device; a vascular introducer;

and combinations thereof.
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42, The system of claim 9 wherein the distal potion is constructed and arranged to be
deflected.

43. The system of claim 9 further comprising a second elongate tube.

44, The system of claim 43 wherein the second elongate tube is slidingly received by

the first elongate tube.

45. The system of claim 43 further comprising a second treatment clement positioned

on the second elongate tube.

46. The system of claim 9 further comprising a sensor constructed and arranged to

provide a signal.

47. The system of claim 46 further comprising an expandable element and wherein

the sensor is mounted to the expandable element.

48. The system of claim 46 wherein the sensor comprises a sensor selected from the
group consisting of: heat sensors such as thermocouples; impedance sensors such as tissue impedance
sensors; pressure sensors; blood sensors; optical sensors such as light sensors; sound sensors such as
ultrasound sensors; electromagnetic sensors such as electromagnetic field sensors; and combinations

thereof.
49. The system of claim 9 further comprising a functional element.
50. The system of claim 49 wherein the functional element is selected from the group

consisting of: a sensor; a transducer; a vacuum port; a visualization element or device such as an

ultrasound crystal or an optical assembly; and combinations thereof.

51. The system of claim 49 wherein the functional element comprises a vacuum port.

52. The system of claim 51 wherein the vacuum port is constructed and arranged to
remove tissue.

53. The system of claim 51 wherein the vacuum port is constructed and arranged to

causc at least a portion of the system in contact with tissue.
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54. The system of claim 9 further comprising a body lumen pressurization assembly

constructed and arranged to deliver a pressurization fluid.

55. The system of claim 54 wherein the body lumen pressurization assembly

comprises a source of insufflation fluid.

56. The system of claim 54 further comprising an occlusive element constructed and

arranged to resist migration of the pressurization fluid.

57. The system of claim 56 wherein the occlusive element is mounted to the elongate

tube.

S8. The system of claim 9 further comprising a body access device and wherein the

elongate tube is constructed and arranged for insertion through the body access device.

S9. The system of claim 58 wherein the body access device is selected from the
group consisting of: an endoscope; a laparoscopic port; a transgastric access device; a vascular introducer;

and combinations thereof.

60. The system of claim 9 further comprising an energy delivery unit constructed and

arranged to deliver energy to the treatment element.

61. The system of claim 60 wherein the energy delivery unit is constructed and

arranged to deliver two or more forms of energy.

62. The system of claim 60 wherein the energy delivery unit is constructed and

arranged to deliver closed loop energy delivery to the treatment element.

63. The system of claim 9 further comprising a controller and a user interface.

64. The system of claim 63 wherein the controller is constructed and arranged to
allow an operator to adjust a system input parameter selected from the group consisting of: type of energy
to be delivered such as RF energy, thermal energy and/or mechanical energy; quantity of energy to be
delivered such as a cumulative number of joules of energy to be delivered or peak amount of energy to be
delivered; types and levels of combinations of energices to be delivered; energy delivery duration; pulse

width modulation percentage of energy delivered; number of reciprocating motions for an abrasive device
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to transverse; temperature for a treatment clement such as target temperature or maximum temperature;

insufflation pressure; insufflation duration; and combinations thercof.

65. The system of claim 63 wherein the user interface is constructed and arranged to
display a system output parameter selected from the group consisting of: temperature information such as
tissue and/or treatment element temperature information; pressure information such as balloon pressure
information or insufflation pressure information; force information such as level of force applied to tissue
information; paticnt information such as patient physiologic information recorded by one or more sensors;

and combinations thereof.

66. The system of claim 9 further comprising a motion transfer assembly constructed

and arrange to translate and/or rotate the treatment element.

67. The system of claim 9 further comprising a protective cap constructed and

arranged to protect non-target tissue during tissue treatment.

68. The system of claim 67 wherein said non-target tissue comprises at least one of

the Ampulla of Vater and the Sphincter of Oddi.

69. The system of claim 9 further comprising a tissue expanding device.

70. The system of claim 69 wherein the tissue expanding device is constructed and

arranged to expand at least a portion of the submucosal layer.

71. The system of claim 9 further comprising a tissue manipulating device.

72. The system of claim 71 wherein the tissue manipulating device is constructed
and arranged to perform a function selected from the group consisting of: axial straightening such as
straightening of the duodenum or other intestinal tissue; tensioning such as axial and/or radial tensioning;
thickness expansion such as expansion of the submucosa of the intestine with an injected fluid (e.g.
injected liquid or gas); applying an axial force to tissue; applying opposing axial forces to tissue; applying
a radial force to tissue; compressing tissue such as compressing the villi of the duodenum,; inducing
localized edema or angioedema; expanding the duodenum radially such as to reduce the protrusions of
plicae circulares and prevent or reduce under treatment of plicae due to folding over of those plicae by a

treatment element; and combinations thereof.

73. The system of claim 9 further comprising a procedure completion algorithm,
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74. A method for treating a paticnt comprising:

providing a system comprising:

an clongate tube comprising a distal portion; and

a treatment e¢lement positioned on the clongate tube distal portion;

treating target tissue with the treatment ¢lement,

wherein the patient is being treated for a discase or disorder selected from the group
consisting of: Diabetes; Type-1 Diabetes; Type-2 Diabetes; hypercholesterolemia; a metabolic syndrome;
discase; celiac discase; obesity; cancer such as bronchoalveolar carcinoma; cystitis; and combinations
thereof.

75. The method of claim 74 wherein the target tissue comprises a first portion and a
second portion, and wherein said method further comprises:

performing a first treatment to treat said first target tissue portion; and

performing a second treatment to treat said second target tissue portion.

76. The method of claim 75 wherein said first tissue portion overlaps said second
tissue portion.

77. The method of claim 75 wherein said first treatment is dissimilar to said second
treatment.

78. The method of claim 77 wherein the dissimilarity is selected from the group

consisting of: target tissue arca treated; target tissue depth treated; target tissue circumferential portion
treated; energy delivery type; energy delivery rate and/or amount; energy delivery duration; and

combinations of these.

79. The method of claim 74 further comprising delivering an expansion fluid to

tissue.

80. The method of claim 79 wherein the expanded tissue comprises at least a portion

of a submucosal layer.

81. A system to treat a discase and/or disorder of a patient, the system comprising:
a treatment e¢lement constructed and arranged to alter a region of the gastrointestinal tract,
said alteration selected from the group consisting of: cellular absorptive capacity; cellular hormonal

release; and combinations thereof.
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82. A system to treat a disease and/or disorder of a patient, the system comprising:
a treatment element constructed and arranged to treat target tissue; and a tissue expansion

assembly constructed and arranged to expand the target tissue and/or tissue proximate the target tissue.

83. A method of treating of diabetes in a patient, the method comprising:
accessing the patient’s bile salts and pancreatic enzymes, the bile salts and pancreatic
enzymes arc unrcacted with food ingested by the patient; and

delivering the unreacted bile salts and pancreatic enzymes to the patient’s duodenum.

84. A method of treating of diabetes in a patient, the method comprising:

accessing the patient’s bile salts and pancreatic enzymes, the bile salts and pancreatic
enzymes are unreacted with food ingested by the patient;

preventing the ingested food from reacting with the patient’s bile salts and pancreatic
enzymes;

preventing the ingested food from reacting with the patient’s duodenal mucosa; and

delivering the accessed bile salts and pancreatic enzymes to the patient’s jejunum.
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