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DEVICES AND METHODS FOR TREATMENT OF OBESITY

FIELD OF THE INVENTION
(0001} The present invention relates to treatment of obesity, more particularly to
implantable devices and methods of implanting the devices to treat an obese

patient.

BACKGROUND OF THE INVENTION

[0002] Obesity has become a major health concern, both nationally and
internationally. The National Center for Health Statistics (NCHS) estimates that
over 120 million Americans are overweight, including about 56% of the adult
population. Of these, about 52 million are considered obese, as measured by a
body mass index (BMI) of 30% or greater. In Europe, an estimated 77 million
people are obese, as measured by the same standard. This problem is not limited
to western nations, as many. developing countries are reported to have obesity
rates over 75% of the adult population.

10003] Co-morbidities that are associated with obeéity include, but are not limited
to type II Diabetes, high blood pi'essure, sleep apnea, stfoke and arthritis, the
symptoms of which often tend to be lessened or alleviated upon loss of weight
by a person so affected.

[0004] In the U.S., options for treatment of obesity are currently quite hmited.
Current treatment methodologies typically rely upon surgically introducing a
“malabsorptive” environment in the gastro-intestinal tract, a restrictive
environment, or a combination of these. One available treatment method is
gastric bypass surgery and another is referred to as gastric banding (one of these
techniques if referred to as the LAPBAND™ procedure). These procedures are
limited to only those patients with a BMI over 40 (or over 35, with co-
morbidities present).

[0005] Gastric bypass procedures incur a great deal of morbidity and create a
malabsorptive state in the patient by bypassing a large portion of the intestines.
Serious side effects, such as liver failure have been associated with this
procedure, as well as chronic diarrhea. Another surgical procedure that has a

high degree of morbidity associated with it is known as the “Gastric Bypass
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Roux-en-Y” procedure. This procedure reduces the capaéit;' of the stomach by
creating a smaller stomach pouch. The small space holds only about one ounce
of fluid. A tiny stomach outlet is also surgically created to slow the speed at
which food leaves the stomach. Staples are used to create a small (15 to 20cc)
stomach pouch, with the rest of the stomach being stapled completely shut and
divided from the stomach pouch. The small intestine is divided just beyond the
duodenum, brought up, and connected to the newly formed stomach pouch. In
addition to the considerable morbidity associated with this procedure, other
disadvantages include "dumping syndrome"”, where stomach contents are
literally "dumped"” rapidly into the small intestine which may lead to nausea,
‘ weakness, sweating, faintness, and diarrhea; hemiasvresulting from the surgery;
gallstones; leakage of the connection between the pouch and the intestine;
stretching of the pouch that was formed; nutritional deﬁciéncies; and possible
dehiscence of the staples.

[0006] The LAPBAND™ is a band that, when placed, encircles the fundus-cardia
junction and is inflatable to constrict the same. It does not reduce the volume of
the stomach, but rather restricts passage of food into the stomach, the theory
being thatv the patient will feel satiety with a much less volume of food than
previously. Although the LAPBAND™ procedure is less invasive than a gastric
bypass procedure, it also typically achieves less weight loss. Further, it is not a
simple procedure and requires a substantial amount of training by a surgeon to
become proficient in performing the procedure. Also, a substantial amount of
dissecting and suturing is required because the pathway by which the band is
introduced is not an existing pathway, and must be established by dissection.
Great care is required to avoid blood vessels and nerves that may be in the
intended pathway to be created by the dissection. After placing the band around
the fundus-cardia junction, the ends of the band must be connected together and
then it must be cinched down into place. Additionally, complications such as
erosion at the fundus-cardia junction, slippage of the band from its intended
location, nausea/vomiting, gastroesophageal reflux, dysphagia and lack of
effectiveness in causing weight loss have been reported.

[0007] Intra-gastric balloons have also been placed, in an attempt to fill a portion of

the volume in the stomach, with the theory being that it will then require less
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food than previously, to give the patient a sensation of fullness or satiety. This
procedure involves delivery of a balloon (typically, trans-orally) to the interior of
the stomach and inflation of the balloon to take up a portion of the volume inside
the stomach. However, intra-gastric balloons may also lead to complications
such as obstruction, vomiting and/or mucosal erosion of the inner lining of the
stomach. The balloon can break down over extended exposure to the stomach’s
acids, and in some cases, after breaking down, the balloon translated through the
intestines and caused a bowel obstruction.

[0008] Gastrointestinal sleeves have been implanted to line the stomach and/or a
portion of the small intestines to reduce the absorptive capabilities of the small
intestine and/or to reduce the volume in the stomach, by reducing the available
volume to the tubular structure of the graft running therethrough. Although
weight loss may be effective while these types of devices are properly
functioning, there are complications with anchoring the device within the
stomach/GI tract, as the stomach and GI tract function to break down things that
enter into them and to move/transport them through. Accordingly, the integrity
of the anchoring of the device, as well as the device itself may be compromised
over time by the. acids and actions of the stomach and GI tract. |

[0009] A sleeve gastrectomy is an operation in which the left side of the stomach is
surgically removed. This results in a much reduced stomach which is
substantially tubular and may take on the shape of a banana. This procedure is
associated with a high degree of morbidity, as a large portion of the stomach is
surgically removed. Additionally, there are risks of complications such as
dehiscence of the staple line where the staples are installed to close the surgical
incisions where the portion of the stomach was removed. Further, the procedure
is not reversible.

[0010] In the laparoscopic duodenal switch, the size of the stomach is reduced in
.similar manner to that performed in a sleeve gastrectomy. Additionally,
approximately half of the small intestine is bypassed and the stomach is
reconnected to the shortened small intestine. This procedure suffers from the
same complications as the sleeve gastrectomy, and even greater morbidity is

associated with this procedure due to the additional intestinal bypass that needs
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to be performed. Still further, complications associated with malabsorption may
also present themselves.

[0011] An inflatable gastric device is disclosed in U.S. Patent No. 4,246,893, in
which a balloon is inserted anteriorly of the stomach and posteriorly of the left
lobe of the liver. The balloon is then inflated to compress the stomach so that it
fills with less food that would ordinarily be possible. Not only does this device
compress the stomach, but it also compresses the liver, as seen in Fig. 5 of the
patent, which may cause complications with the liver function. Additionally, the
balloon is simply placed into this location, and there is no assurance that it will
not migrate and lose its effectiveness in compressing the stomach to the degree
intended. Still further, the balloon is of a simple spherical desigh, and, as such,
extends pressure outwardly in all directions, 360 degrees iﬁ all planes.
Accordingly, the liver is compressed just as much as the stomach is. Also, the
compression forces against the stomach are not ideal, as the spherical balloon
conformation does not match the conformation of the expanding stomach. The
stomach is not spherical when expanded, or concave with a constant radius of
curvature, but expands into a designated space that allows the fundus to expand
preferentially more thah other parts of the stomach. |

[0012] Brazzini et al. in W02005/18417 discloses at least two or more expandable
devices used to treat obesity, in which the devices are inserted through the
abdominal wall and anchored subcutaneously or to the stomach wall to exert
pressure against the external surface of the stomach wall.

[0013] U.S. Patent Publication No. 2005/0261712 to Balbierz et al. describes
capturing a device against the outer surface of the stomach wall to form a
restriction that appears to function similarly to the restriction imposed by the
LAPBANDTM, The anchoring of the devices disclosed relies upon placement of
features against the internal wall of the stomach to form an interlock with the
device which is placed against the external wall of the stomach.

[0014] U.S. Patent Publication No. 2005/0267533 to Gertner discloses devices for
treatment of obesity that use one or more anchoring mechanisms that are passed
through the wall of the stomach to establish an anchor. The stomach is reduced
in size by passing the devices through the stomach wall on opposite sides of the

stomach and compressing the walls together to eliminate a portion of the interior
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space within the stomach. Gertner also discloses an embodiment in which an
extra-gastric balloon is placed anteriorly of the stomach and attached to the
abdominal wall using one of the anchoring mechanisms described.

[0015] U.S. Patent No. 6,981,978 to Gannoe discloses devices for reducing the
internal cavity of the stomach to a much smaller volume, which may be used to
carry out a bypass procedure. Stapling is employed to isolate the smaller volume
in the stomach, and thus the same potential disadvantages are present as with
other stapling procedures described herein.

[0016] U.S. Patent No. 6,186,149 to Pacella et al. describes an occluder device that
can be used as a dietary control device (see Fig. 8C). The occluder device is
placed against the wall of the stomach and inflated to press inwardiy on the
stomach wall. A frame is wrapped around the stomach wall and is inflated to
press against the stomach wall. However, there is no disclosure of how the
frame might be adjusted to maintain a position relative to the stomach wall as the
size of the stomach varies.

[0017] Gastric reduction techniques have been attempted, such as by inserting
instruments trans-orally and reducing the volume of the stomach by stapling
portions of it together. HoWever, this technique is prone to failure due to the
staples pulling through the tissues (i.e., dehiscence) that they are meant to bind.

[0018] Techniques referred to as gastric pacing endeavor to use electrical
stimulation to simulate the normal feedback mechanisms of a patient that signal
the brain that the patient is full, or satiated. While these techniques are less
invasive than some of the other existing treatments, statistics to date have shown
that the amount of weight lost by using such techniques is less than satisfactory.

[0019] Currently marketed drugs for weight loss, such as XENICAL®,
MERIDIA® and Phen fen have largely failed , due to unacceptable side effects
and complications, and sometimes to an ineffective amount of weight loss.
Other drugs that are on the horizon include ACCOMPLIA® and SYMLIN®,
but these are, as yet, unproven.

[0020] The risk and invasiveness factors of currently available surgeries are often
too great for a patient to accept to undergo surgical treatment for his/her obesity.
Accordingly, there is a need for less invasive, yet effective surgical treatment

procedures for morbidly obese patients (patients having a BMI of 35 or greater).



WO 2008/013814 PCT/US2007/016654

[0021]

Also, since the current surgical procedures are currently indicated only for those
patients having a BMI of 40 or greater, or 35 or greater when co-morbidities are
present, it would be desirable to provide a surgical procedure that would be
available for slightly less obese patients, e.g., patients having a BMI of 30 to 35
who are not indicated for the currently available surgical procedures. It would
further be desirable to provide a surgical procedure that would be indicated for
obese patients having a BMI in the range of 30-35, as well as for more obese

patients.

SUMMARY OF THE INVENTION
The present invention provides devices and methods for treatment of
obesity, as well as instruments and tools used in placing, adjusting and
maintaining devices for treatment of obesity. Various embodiments of devices

that are implanted extra-gastrically are provided. Various embodiments of

-devices that are implanted intra-gastrically are provided. Methods include

[0022])

[0023]

[0024]

laparoscopic, percutaneous and/or trans-oral methods. Alternatively, devices
described can generally also be implanted by opeh surgical procedures.

In at least one embodiment, .a device for treatment of obesity is provided,
including: a first expandable member formed of a compliant material and
configured to be elastically expandable and dimensioned to be positioned
adjacent and external of a portion of a stomach of a patient; and a second
expéndable member formed of a noncompliant or semi-compliant material and
configured to be expanded to a relatively fixed, predetermined volume.

In at least one embodiment, a device for treatment of obesity includes: an
expandable main body member configured and dimensioned to be positioned
adjacent and external of a portion of a stomach of a patient; an anchor strip or
pad configured to be attached to an intermal body structure other than the
stomach of a patient; and an anchoring strip or pad fixed to the main body
member and configured to attach to the anchor strip or pad.

A flexible, expandable sheéth for trans-oral delivéry of a device into an
abdominal cavity of a patieht is provided, including: an elongated, flexible tube
having a length sufficient to be inserted through the mouth of a patient, through
the esophagus of the patient, into the stomach of the patient and through an
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[0025]

[0026]

[0027]

[0028]

[0029]

opening formed through the wall of the stomach such that a distal end portidn of
the tube extends out of the stomach an into the abdominal cavity, and a proximal
end portion at the same time extends proximally out of the mouth of the patient;
and at least one radially extensible anchor on a distal end portion of the tube.

A system for intra-gastric delivery of a device into the stomach of a patient,
through the stomach wall of the patient, and implantation of the device extra-
gastrically, is provided, including: a flexible elongated instrument having a
distal end portion including a distal end and a proximal end portion including a
proximal end, the instrument configured to be inserted through the mouth of the
patient, the esophagus and into the stomach, the instrument having sufficient
length such that when the distél end is passed through a wall of the stomach and
positioned externally of the stomach wall in the abdominal cavity, the proximal
end extends proximally out of the mount of the patient. The system further
includes a device configured for extra-gastric implantation in the abdominal
cavity, the device, in a compact conﬁguration being dimensioned to be passed
along the elongated instrument through the mouth of the patient, esophagus and
stomach and through an opening in the stomach wall that the distal end portion
of the instrument extends through, and the device being expandable extra-
gastrically to an expanded configuration that displaces a volume greater than a
volume displaced by the device when in the compact configuration. An anchor
is configured to fix the device to an intra-abdominal structure other than the
stomach.

These and other features of the invention will become apparent to those
persons skilled in the art upon reading the details of the devices, methods,

instruments and tools as more fully described below.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 illustrates the anatomy of the abdominal cavity and its contents, and
surrounding features.
Fig. 1A is an illustration of a diaphragm in an isolated view, illustrating the
conformation of the diaphragm as it exists in the body.

Fig. 1B illustrates the diaphragm in position relative to the rib cage.
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[0030] Fig. 2 illustrates (by arrows) potential locations on the stomach wall that can
be compressed by one or more expandable devices as described herein.

[0031] Figs. 3A-3N show various embodiments of expandable devices which are
inflatable to effect expansion thereof.

[0032] Fig. 4 illustrates a device having an inflatable member that has a valve in the
wall thereof.

[0033] Fig. SA illustrates a device that includes a plurality of expandable members
10em configured in a “grape bunch”-like structure.

[0034] Fig. 5B is a partial, detailed view of Fig. 5A.

[0035] Fig. 5C shows an expandable member provided with a valve.

[0036] Fig. 6A shows a device having a compliant portion and a noncompliant or
semi-compliant portion.

[0037] Fig. 6B shows a device having a compliant portion and a noncompliant or
semi-compliant portion.

[0038] Fig. 6C shows a device having a compliant portion and a noncompliant or
semi-compliant portion.

[0039] Fig. 6D shows a device having a compliant portion and a noncompliant or
semi-compliant portion. 4

[0040] Fig. 7 diagfammatically illustrates the use of a space filling foam that can be
use as the expandable member of a device described herein.

[0041] Fig. 8A illustrates a self-inflatable device in a deflated configuration. '

[0042] Fig. 8B illustrates the device of Fig. 8A after self-inflating.

[0043] Fig. 9 shows a self expanding device comprising a self-expanding body
formed of intersecting resilient structural elements.

[0044] Fig. 10 illustrates one embodiment of a mechanically self-expanding
member of an intra-gastric device.

[0045] Fig. 11 illustrates a compound or hybrid expandable device having been
positioned between the diaphragm and stomach and expanded against the
stomach to deform the stomach wall inwardly.

[0046] Fig. 12 illustrates another example of a hybrid expandable member.

[0047] Figs. 13A-13C illustrate another embodiment of a hybrid expandable

member.
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[0048] Fig. 14 illustrates another example of a device. In this example, an inner
expandable member is at least partially surrounded by an outer expandable
member.

[0049] Fig. 15A illustrates a device having an internal, relatively gas-impermeable
expandable member and an external expandable member filled at least in part
with liquid. _

[0050] Fig. 15B illustrates an adjustment member configured for delivery of gas to
‘the first expandable member and liquid to the second expandable member of the
device of Fig. 15A.

[0051] Fig. 16A illustrates another embodiment of a device.

[0052] Fig. 16B illustrates a device in which each of the expandable members is
provided with an integrated adjustment member.

[0053] Fig. 16Cis a cross-sectional illustration of the device of Fig. 16B.

[0054] Figs. 17A-17B show views of another embodiment of a device.

[0055] Fig. 18 illustrates an embodiment of a device in which multiple chambers or
expandable members are provided, all made noncompliant so as to be relatively
gas impermeable.

[00561 Fig. 19A illustrates a device similar to that described above with regard to
Fig. 17A, but wherein expandable member 10em2 has a different
shape/conformation.

[0057] Fig. 19B shows a view of the device of Fig. 19A showing the walls of the
expandable members.

[0058] Figs. 19C-19E are cross-sectional views of the device of Fig. 19B taken
along lines 19C-19C, 19D-19D and 19E-19E, respectively.

[0059] Fig. 20A illustrates an inflatable member having an inner liner that is less
porous that the outer membrane of the device.

[0060] Fig. 20B is a magnified view of the encircled portion 10B of Fig. 20A.

[0061] Fig. 21 illustrates a device wherein the inner liner is separate from the outer
layer.

[0062] Figs. 22A — 22B illustrate another approach to reducing or minimizing the
seepage rate through an inflatable member.

[0063] Figs. 23A-23H illustrate one approach to fabricating a dual layer inflatable

member for a device described herein.
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[0064] Fig. 231 illustrates a single layer inflatable member manufactured according
to one method embodiment described herein, including steps described with
regard to Figs. 23A-23E.

[0065] Fig. 24A illustrates an expandable member that is provided as a dual layer
expandable member, wherein an outer layer surrounds both inner inflatable
elements, each of which are independently inflatable.

[0066] Fig. 24B illustrates an example where the expandable member of Fig. 24A
has been resized.

[0067] Fig. 25 shows an example of a device having a backing or patch to provide
additional structural integrity to a portion of the device.

[0068] Fig. 26 illustrates a device provided with a reservoir.

[0069] Fig. 27 illustrates a device having a roughened surface portion.

[0070]) Fig. 28 illustrates a device and shows an expandable member conduit and
adjustment member of the device.

[0071]  Fig. 29A illustrates that anchoring can be performed using one or more pairs
of magnets oriented to attract to one another.

[0072] Fig. 29B illustrates anchoring a device to the stomach wall using one or
more pairs of magnets.

[0073] Fig. 30 illustrates device 10 using a combination of attachment/anchoring
features.

[0074] Figs. 31A-31C illustrate various stapling patterns that may be employed for
stapling an attachment flange or attachment tabs to one or more internal body
structures for anchoring device/expandable member thereto.

[0075} Figs. 32A-32B illustrate a device in a deflated configuration and an inflated
configuration, respectively, in which an attachment flange has been integrated
into the weld seam of the expandable member.

[0076] Figs. 33A-33B illustrate different views of another attachment mechanism
that can be employed for anchoring a device according to the present invention.

[0077] Fig. 33C is an illustration of a partial anterior view of a patient, in which the
anchor strip and protectivé strip shown in Figs. 33A-33B have been fixed at a

left anterior location of the abdominal wall.

10
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[0078] Fig. 33D is a partial, cross-sectional illustration showfng the anchor strip
attached to the abdominal wall using sutures, and protective strip removably
fixed to anchor strip via hook and loop type fasteners.

[0079] Fig. 33E illustrates sutures having been pre-placed through the anchor strip
to extend from the tissue contacting surface of the anchor strip.

[0080] Fig. 33F illustrates use of staples to initially fix the anchor strip to the inner
surface of the abdominal wall.

[0081] Fig. 33G illustrates removal of the protective strip from engagement with
the anchor strip.

[0082] Fig. 33H illustrates anchoring strip having been fixed to a surface of an

| expandable member of a device in a location to be piaced over and attach to the
attachment feature of the anchor strip, so as to properly place and orient the
device as intended.

[0083] Fig 331 illustrates an anchor pad and protective pad that are substantially
circular.

[0084] Fig. 34 illustrates the device shown in Fig. 3N having been wrapped around

- and installed on the stomach.

[0085] Fig. 35 illustrates a device being substantially U-shaped in cross-section.

[0086] Fig. 36 illustrates a device configured and dimensioned to be anchored to
the stomach wall via the adjustment member and conduit connected thereto.

[0087] Fig. 37A illustrates placement of an infra— gastric sizing device.

[0088] Fig. 37B illustrates gauging or sizing the appropriate amount of deformation
of the stomach wall using the intra-gastric sizing device placed in Fig. 37A.

[0089] Fig. 37C illustrates completion of implantation of a device using the
techniques illustrated in Figs. 37A-37C.

[0090] Fig. 38 illustrates a device where at least a portion of the device is
radiopaque. ' |

[0091] Figs. 39A-39F illustrate steps that can be carried out in a method of
implanting an extra-gastric device according to the present invention.

[0092] Fig. 39G illustrates an alternative to the step illustrated in Fig. 39F.

{0093] Figs. 40A-40X illustrate steps of a method and devices for performing

implantation of an extra-gastric device by a trans-oral procedure.

11
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[0094] Fig. 40Y illustrates a device in a compact conﬁguratic;n with rotationally
deployable talons deployed. _

[0095] Figs. 41A — 41L illustrate alternative method steps and devices for
performing implantation of an extra-gastric device by a trans-oral procedure.

[0096] Figs. 42A-42C illustrate steps that can be carried out in a method of
implanting an intra-gastric device according to the present invention '

[0097] Figs. 43A-43B illustrate steps tﬁat can be carried out for implantation of one
or more devices according to another method of the present invention.

[0098] Figs. 44A-44D illustrate steps that can be carried out to form one or more
obstructions and/or restrictions in the cavity of the stomach, where no space-

occupying implant is required.

DETAILED DESCRIPTION OF THE INVENTION

[0099] Before the present devices and methods are described, it is to be
understood that this invention is not limited to particular embodiments
described, as such may, of course, vary. It is also to be understood that the
terminology used herein is for the pﬁrpose of describing particular embodiments
only, and is not intended to be limiting, since the scope of the present invention
will be limited only by the appended claims.

[00100] Where a range of values is provided, it is understood that éach
intervening value, to the tenth of the unit of the lower limit unless the context
clearly dictates otherwise, between the upper and lower limits of that range is
also specifically disclosed. Each smaller range between any stated value or
intervening value in a stated range and any other stated or intervening value in
that stated range is encompassed within the invention. The upper and lower
limits of these smaller ranges may independently be included or excluded in the
range, and each range where either, neither or both limits are included in the
smaller ranges is also encompassed within the invention, subject to any
specifically excluded limit in the statéd range. Where the stated range includes
one or both of the limits, ranges excluding either or both of those included limits
are also included in the invention.

[00101] Unless defined otherwise, all technical and scientific terms used herein

have the same meaning as commonly understood by one of ordinary ‘skill in the

12
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art to which this invention belongs. Although any methods and materials similar
or equivalent to those described herein can be used in the practice or testing of
the present invention, the preferred methods ‘and materials are now described.
All publications' mentioned herein are incorporated herein by reference to
disclose and describe the methods and/or materials in connection with which the
publications are cited.

[00102] It must be noted that as used herein and in the appended claims, the
singular forms "a", "an", and "the" include plural referents unless the context
clearly dictates otherwise. Thus, for example, reference to "an expandable
member" includes a plurality of such expandable members and reference to "the
incision" includes reference to one or more incisions and equivalents thereof
known to those skilled in the art, and so forth. |

[00103] The publications discussed herein are provided solely for their disclosure
prior to the filing date of the present application. Nothing herein is to be
construed as an admission that the present invention is not entitled to antedate
such publication by virtue of prior invention. Further, the dates of publication
provided may be different from the actual publication dates which may need to

be independently confirmed.

Definitions

[00104] A “compliant” material refers to a material that is stretchable or
expandable. This expansibility allows the material to increase in dimension
substantially more than a noncompliant or semi-compliant material, prior to
failure. For example, when formed as a balloon structure, a compliant maternal
comprises an expansibility property of being able to increase its radius, beyond
its formed radius, under pressure applied into the balloon, by one hundred
percent or more, without rupturing.

[00105] A “noncompliant” material refers to a material that, when formed as a
balloon structure, can increase its radius beyond its formed radius, under
pressure applied into the balloon, only up to about ten percent or less prior to
rupturing.

[00106] A “semi-compliant” material refers to a material that, when formed as a

balloon structure, can increase its radius beyond its formed radius, under
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pressure applied into the balloon, by an amount between about ten percent and
about one hundred percent, prior to rupturing.

[00107) The “wall” of the stomach refers to all of the layers that make up the
stomach wall, including the mucosa, submucosa, muscular layers and serosa. A
“layer”, “layer of the stomach wall” or “stomach wall layer” refers to a mucosal
layer, submucosal layer, muscular layer or serosal layer.

[00108] A “proximal” end of an instrument is the end that is nearer the surgeon
when the surgeon is using the instrument for its intended surgical application.

[00109] A “distal” end of an instrument is the end that is further from the
surgeon when the surgeon is using the instrument for its intended surgical
application. |

[00110] An “internal body structure” when referred to as a structure to which a
device is to be anchored, refers to a structure internal to the skin of a patient, and
which can be within the abdominal cavity of the patient, or just outside of it,
such as including the outer surface of a wall that partially defines the abdominal

cavity.

Abdominal Cavity Anatomy

[00111] Fig. 1 illustrates the anatomy of the abdominal cavity and its contents,
and surrounding features. The abdominal cavity 100 is shown divided among
four quadrants, the upper right quadrant 102, upper left quadrant 104, lower left
quadrant 106 and lower right quadrant 108, as divided by the median axis 110
and transverse axis 112. The lower edge of the ribcage is illustrated by the
dotted line 114 and the diaphragm is shown at 116. As seen in Figs. 1A and 1B,
the diaphragm 116 is shaped like a parachute and sits within the ribs. The
esophagus 118 passes through the diaphragm 116 and joins with the stomach
120. The left lobe 122 of the liver 121 lies anteriorly of the esophagus 118 and
the fundus-cardia junction 119. In one aspect of the invention, an expandable
device is implanted in an extra-gastric location (i.e., outside of the stomach)
generally indicated at 124, and then expanded to occupy a space that the fundus
of the stomach would ordinarily expand into when the stomach is filled with
food. The expanded device prevents this expansion by the fundus, thereby

limiting the volume of the cavity in the stomach to a much smaller volume than
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if the fundus had been allowed to expand into the space. Alternatively, the
device is expanded to apply pressure to the fundus of the stomach in a downward
direction (e.g., in a direction toward the transverse axis 112 shown, with some
transverse movement toward the median axis 110 shown), and optionally,
additionally to the main body of the stomach, to reduce the volume inside the
stomach to effect satiety in the patient with relatively less food ingested, relative

to what the patient would require for satiety without the implant in place.

Devices

[00112] At least some embodiments of devices described herein can be implanted
trans-orally, with a relatively quick and simple procedure that requires no
general anesthesia and wherein the device may be passed through the mouth of a
patient a.nd into the cavity within the stomach. In some embodiments, a single,
small opening is made through the stomach wall to pass the device
therethrough. In at least one embodiment, the device has a single expandable
member that is self anchoring or can be easily anchored to maintain the
simplicity and minimal invasiveness of the procedure.

[00113] In other embodiments, more complex configurations of expandable
members may be provided, where a device can contain one or more expandable
members. The devices described herein can alternatively be implanted by at
least one of percutaneous, laparoscopic, trans-oral and open surgical procedures.
Devices that can be implanted percutaneously can alternatively be implanted
using laparoscopic procedures. Devices that can be implanted trans-orally can
alternatively be implanted using percutaneous or laparoscopic procedures.

[00114] Devices described herein can be implanted permanently, but are also
configured for reversibility, to facilitate relatively simple removal procedures,
should it be desired to remove a device. Alternatively, devices according to the
present invention can be implanted temporarily, such as over a period of months,
and then removed or disabled when further treatment is no longer required, or to

allow an alternative treatment to be applied.

Expandable Member Configurations

[00115] One possible location for placing an expandable member portion of a
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device described herein is in the abdominal cavity between the fundus 120f and
the wall of the diaphragm 116. Depending upon the shape of expandable
member 10em of device 10, expandable member, or portions thereof can be
placed lateral, posterior and/or superior to the fundus of the stomach. Further,
when in an expanded configuration, expandable member 10em can optionally
only abut or lie adjacent to the stomach wall, without imparting any significant
deformation forces thereto. However, when the patient eats and the stomach
begins to fill, expandable member 10em in this case prevents the stomach from
expandihg into the volume occupied by expandable member 10em. In such a
case, the stomach becomes “deformed” as it attempts to expand and can only
expand in a limited fashion; if at all, around a portion of the perimeter of
expandable member 10em. Thus, upon expanding the device, the device
expands between the wall of the diaphragm 116 and the fundus 120f, exerting
pressure on, or at least preventing expansion of the fundus. Further details of
methods for treatment of obesity, including procedures for implanting devices
described herein are described below.

[00116] ‘As noted above, an expandable device can be implanted adjacent a
surface of the stomach wall, either in contact therewith or at a predetermined
distance therefrom, to prevent expansion of the stomach into a volume occupied
by the expandable device. Alternatively, some embodiments of the devices
described herein can be configured and placed to exert an external compression
on one or more locations of the stomach to deform the stomach wall, thereby
decreasing the internal volume of the cavity within the stomach that accepts food
and liquid intake. Fig. 2 illustrates (by arrows) potential locations on the
stomach 120 wall that can be compressed by one or more expandable devices as
described herein.

[00117]  Figs 3A-3F show several different embodiments of expandable devices 10
which are inflatable to effect expansion thereof, and which are shown in cross-
section in expanded configurations. Surfaces 10a are configured to abut the
stomach Wall, while other surfaces, typically surfaces 10p are configured to abut
one or more other structures in the abdominal cavity. Figs. 3G-3N are
perspective illustrations of further variations of inflatable expandable devices 10

according to the present invention. In Fig. 3G, device 10 is substantially

16



WO 2008/013814 PCT/US2007/016654

crescent-shaped, wherein end portions of the device, when device 10 is inflated,
have first cross-sectional areas that are substantially less than the cross-sectional
area of the central portion of device 10. The surface 10a, which is configured to
be placed adjacent to a surface of the stomach wall, is substantially concave.
End portions 10e tend to wrap around the wall of the stomach 120 as the central
portion is placed adjacent to or against the stomach wall. Additionally, device
10 can be configured so that when inflated to expand device 10, ends 10e
converge toward the central transverse axis 10T of device 10 (in the directions of
the arrows shown) to form a closer fit against the stomach wall and/or apply
additional resistive force to the expansion of the stomach wall. In any case, ends
10e help to prevent migration of device 10 relative to the stomach 120 in
directions opposite to the directional arrows shown in Fig. 3G. Fig. 3G also
shows a partial view of conduit 12 that is in fluid communication with device 10
and used to inflate device 10 according to one method embodiment. In other
embodiments, conduit 12 can be placed in fluid communication with device 10
at other locations of the device 10, such as an end 10e or along surface 10p, for
example. For this reason, conduit 12 is not shown in the other inflatable
embodiments of other Figs., as the location of connection of conduit 12 to device
10 may vary. Thus, although conduit 12 is shown connecting at surface 10a of
device 10, the present devices are not limited to this placement, as conduit 12
could be connected at other locations on the inflatable portions of devices 10.
[00118] Fig. 3H shows a variation of the device of Fig. 3G, wherein the crescent
shape has been modified to a modified-crescent shape, in which the surface
configured to abut the stomach is convex at the central portion when device 10 is
inflated, to provide increased deformation of the stomach wall, as compared to
the amount of deformation applied by device 10 in Fig. 3G. End portions 10e
function similarly to that described with regard to Fig. 3G. The “bulge” in the
central portion 10c of device 10 can be created by molding such bulge into
device 10 so that it is existent in device 10 even when in a contracted or deflated
state. Alternatively, the portion of device 10 that forms the bulge can be formed
with a thinner wall than the rest of device 10, or can otherwise be made to be
more expandable (e.g., such as by making it more compliant than the remainder

of the device).
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[00119]  Fig. 31 shows a “cupped scoop” configuration, which, similar to the crescent
configuration provides a concave surface 10a and a convex surface 10p. In this
arrangement, ends 10e have cross-sectional areas, or at least widths 10w that are
substantially as large as the cross-sectional area or width of central portion 10c.
Additionally, the radius of curvature of surface 10a about the longitudinal axis L
of device 10 is much larger than that of the crescent design, which provides a
broader contact surface for engaging the stomach wall. Fig. 3J shows a variation
of the device of Fig. 31, wherein the cupped scoop shape has been modified to a
modified-cupped scoop shape, in which the surface configured to abut the
stomach is convex at the central portion 10c when device 10 is inflated, to
provide increased deformation of the stomach wall, as compared to the amount

“of deformation applied by device 10 in Fig. 3. End portions 10e function
similarly to that described with regard to Fig. 3G. The “bulge” in the central
portion 10c of device 10 can be created by molding such bulge into device 10 so
that it is existent in device 10 even when in a contracted or deflated state.
~ Alternatively, the portion of device 10 that forms the bulge can be formed with a
thinner wall than the rest of device 10, or can otherwise be made to be more
expandable (e.g., such as by making it more complianti than the remainder of the
device). In either of the embodiments of Figs. 3H and 3J, the central portion
10c, including portions of both surfaces 10a and 10p can, in combination, form a
substantially spherical shape when inflated. Alternatively, the bulge in central
portion 10c on surface 10a can have a curvature different from hemispherical,

but still convex.

[00120] Fig. 3K shows a configuration of device 10 that is boomerang or sickle-
shaped. Similar to the embodiments described above, end portions 10e can
function to prevent migration of device 10 from its position adjacent a stomach
wall and/or may provide additional displacement to prevent expansion of the
stomach wall, further limiting the volume of the cavity inside the stomach 120.
The bulge at the portion 10c between end portions 10e functions similarly to that
described above with regard to Figs. 3H and 3J and can be made in any of the
same manners. Further alternatively, the bulge can be formed as a separately
inflatable member, that is, a balloon that is inflatable and deflatable

independently of the main inflatable body of device 10. In such instances,
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conduit 12 can be provided with two lumens for separate control of inflation and
deflation of the two balloons. The embodiments of Figs. 3H and 3J can be
similarly constructed. One or both ends 10e may contain an additional curve
10ec so that the distal end (or proximal end, depending on which end is curved)
of end portion 10e is directed away from the stomach wall. This feature may
help with positioning of device 10 adjacent the stomach 120, to further ensure
that the ends of the device 10 do not catch on the stomach wall during
placement, and/or to prevent the occurrence of pressure concentrations at the
ends of the device against the stomach wall. Additionally, as will be described
in further detail, the curve 10ec shown may prevent or substantially reduce
pressure against the spleen 128 when device 10 is implanted between the
stomach 120 and diaphragm 116 as described in an embodiment herein.

[00121]  Fig. 3L illustratés a device 10 similar to that described with regard to Fig.
3H, but including a concave curvature 10ec on the proximal end portion of
surface 10p that is configured to avoid contact with the spleen 128 or reduce
pressure against the spleen 128 relative to a conﬁguratioh ‘where surface 10p has
a continuous convex curvature. Thus, for example, ‘when device 10 is positioned
between the diaphragm 116 and stomach 120 and inflated as shown, surface
10ec does not contact or only contacts spleen 128 with minimal pressure, so that
spleen 128 is not substantially compressed.

[00122] Fig. 3M shows an inflatable device 10 having a substantially flat surface
10p and a convex surface 10a. The substantially flat surface 10p can be
particularly advantageous when device 10 is positioned so that surface 10p abuts
the interior surface of the abdominal muscles, diaphragm, or some other
structure that is adjacent the skin and subcutaneous layers of the patient. The
flat surface 10p is configured so as not to expand, or to expand only minimally,
as the majority of the expansion proceeds outwardly in the direction of surface
10a during inflation. This may prevent or substantially reduce a bulge from
being visualized externally of the patient. Additional features can be provided to
make surface 10p less expandable than surface 10a, as discussed below, to
further prevent expansion of surface 10p under inflation pressure. Surface 10a,
although shown as a continuous convex surface, can be modified to provide

other surface conformations, including any of those shown and discussed above.
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[00123] Fig. 3N illustrates another expandable member cdnﬁguration in which
expandable member 10em has a relatively large, bulbous superior portion 10su
that tapers to an inferior tubular portion 10in. Tubular section 10in has a
substantially smaller cross-sectional area than bulbous portion 10su. Bulbous
portion 10su can have a substantially elliptical cross-sectional shape near the end
of expandable member and tapers as it descends inferiorly toward tubular
portion 10in, to form a concave groove or surface 10cs medially that is
configured to deform the stomach to have a smaller, sleeve-shaped inner cavity,
as described further below, and to force the stomach 120 to be more centrally
located in the abdominal cavity. The bulbous portion is configured to be
pbsitioned in the sub-diaphragmatic space, between the diaphragm 116 and the
stomach 120 and, as it is inflated, moves the fundus medially towards the liver.
When device 10 is properly positioned, tubular portion 10in is inferior to
bulbous portion 10su and, when inflated, applies pressure to the body of the
stomach to effect conformational change by pushing it posteriorly against the
spinal column. As inflated, device 10 fills in a sub-diaphragmatic space
occupied by the omentum, a portion of the stomach, and a space into which the
fundus is typically allowed to expand.

[00124] Fig. 30 shows an inflatable, expandable device 10 having expandable
member 10em that is substantially cylindrical when inflated. Alternatively, this

" configuration can be made in the same shape with a mechanically expanding
member 10em, such as by using metallic struts or wires to construct the
expandable member 10em, similar to the construction used in the device 10 in
Fig. 9 7 below. Device 10 is configured and dimensioned to be wrapped entirely
around the stomach 120, and fastened around the stomach to provide a restraint
that prevents the stomach from expanding beyond the boundary provided by the
surface 10a of device 10 that interfaces with the stomach 120. Fastening may be
performed by providing interengaging buckle features on multiple belts portions
that extend from the end edges of device 10, VELCRO® or other hook and loop
type fasteners provided on the overlapping edges, adhesives, hooks, suturing,
buttons and button holes and/or other fastening expedients. Additionally, device
10 may be configured with a protrusion 102’ that protrudes radially inwardly
from surface 10a into the spaced defined generally by the generally
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cylindrically-shaped device 10. Protrusion 102’ may be inflatable or solid.
Protrusion 10a’ is driven into the stomach wall upon wrapping and fastening
device 10 around the stomach, so that it deforms the stomach wall inwardly,
thereby reducing the volume of the cavity within the stomach. Additionally, the
amount of inflation in device 10 can be varied to vary the amount of
compression on the stomach to further limit the volume of the cavity in the
stomach. In the example shown in Fig. 30, when device 10 is installed around
the stomach, protrusion 10a’ forces a fold into the stomach 120, thereby
reducing the volume of the cavity in the stomach 120. It should be noted that
device 10, while shown to be generally cylindrical in Fig. 30, may be modified
to still be configured to wrap around the stomach, but to follow the contours of
the stomach in its natural shape more closely. Also, the shape and/or amount of
protrusion of protrusion 10a’ may be varied. Multiple protrusions may also be
employed.

[00125] Fig. 4 illustrates an expandable member 10em of device 10 having a valve
15 in the wall thereof. The valve 15 is a self-sealing valve such as an
elastomeric or gel membrane. Initially, a removable inflation tubing 12r with an
expandable tip 12q is inserted through valve 15 and attached to the expé.ndable
member 10em by expanding tip 12q. The expandable member is positioned in
the desired location with expandable tip 12q in its enlarged configuration. The
expandable tip 12q can be an inflatable member or an expandable framework.
After expandable member 10em is positioned, it is enlarged to the desired size
using the removable inflation tubing 12r. When the desired size is reached, the
expandable tip 12q is collapsed, the removable inflation tubing 12r is retracted
and the tip 12q is removed through the self-sealing valve 15.

[00126] Other shapes and configurations of inflatable device can also be used,
including football-shaped, hourglass shaped or substantially tubular shaped
devices. Further alternatively, device 10 may include more than one expandable
member, as noted above. Still further, device may be formed as a composite
having one or more expandable members, and one or more non-expandable
members. Further specific examples of such devices are described in the
following co-pending, commonly owned applications: Application Serial No.
11/407,701 filed April 19, 2006 and titled “Devices and Methods for Treatment
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of Obesity”, Application Serial No. 11/716,985 filed March 10, 2007 and titled
“Devices and Methods for Treatment of Obesity”, and Application Serial No.
11/716,986 filed March 10, 2007 and titled “Devices and Methods for Treatment
of Obesity”. Application Serial Nos. 11/407,701, 11/716,985 and 11/716,986
are hereby incorporated herein, in their entireties, by reference thereto.

[00127] Fig. 5A illustrates a device 10 that includes a plurality of expandable
members 10em configured in a “grape bunch”-like structure. Each of the
expandable members is individually inflatable via its own conduit 12 connecting
thereto, each of which is in fluid communication with a main conduit 12 used to
input an inflation médium, as illustrated more clearly in the partial view of Fig.
5B. Further, each expandable member 10em may be provided with a valve 15,
as illustrated in Fig. 5C, so that they are isolated, so that if one or more
expandable members 10em bursts or otherwise fails, this will not cause the |
remainder of the expandable members to deflate or lose pressure, thus providing
an advantage over a device that has a single inflatable expandable member. The
plurality of expandable members 10em in the grape bunch-like structure may
include three to five expandable members; up to 10 expandable members, up to
twenty expandable members, up to 50 expandable members or up to IOO
expandable members. '

[00128] Optionally, an “over-shell” 10os (e.g., silicone layer or other atraumatic
layer) may be provided over the grape bunch-like structure to provide a
smoother, more continuous and/or more atraumatic interface with the tissues that
it contacts.

[00129] Expandable members 10em may be inflated to variable amounts, according
to need or placement of the structures. For example, if a right side of the grape
bunch-like structure is positioned in contact with relatively rigid structures (e.g.,
tissues supported by the rib cage), then the expandable members 10em on the
right side of the structure may expand less than the expandable members 10em
on the left side of the structure, even given equal amounts of pressure inputted
thereto via the main conduit 12. Valves 15 may be reversible or two-way, such
that they allow deflation of the expandable members upon application of a

negative pressure below a predetermined threshold pressure, to allow deflation
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of the expandable members IOcm,v or reduction in the ;;rcssures contained
therein. _

[00130] Inflatable members described herein can be inflated with fluid, e.g., gas or
liquid or both. Examples of gases or liquids that can be used to inflate inflatable
members/devices 10 include, but are not limited to: carbon dioxide, helium,
isotonic dextrose solution, iostonic saline solution, air. It may be preferable to
inflate with one or more gases, to minimize the weight of the implanted device
10, as a heavier, fluid-filled device may be more noticeable to the patient.
Altemnatively, the buoyancy of an implanted device 10 can be adjusted by the
‘amount of gas that is inputted to an expandable member, relative to an amount of
liquid inputted to that expandable member. Alternatively, devices 10 can be
inflated with a porous gel that is porous or microporous to encapsulate air or
other gas bubbles, thereby reducing the weight of the gel while still permitting it
to apply volumetric pressure to expand an inflatable member. Such gels may be
settable, such as ultra-violet (uv) curable or otherwise chemically curable, or,
alternatively, can remain in the gel state, so that they can be readily removed or
added to, to increase or decrease the amount of inflation/expansion of the
expandable member. Gels can be made from a flowable viscoelastic substance
made of a polymer mixture, such as silicone oil, boric acid, hyaluronic acid,
polyacrylic acid or combinations thereof, for example. The gel, as delivered into
the expandable member 10em (e.g., such as by injection or the like) can be
aerated or infused with carbon dioxide or an inert gas to create a deformable or
non-deformable cellular structure that encapsulates the gas in cells, and thus has
relatively low mass but still has sigrificant resistance to compression or
deformation. ‘

[00131] Device 10 can further include one or more reinforcing elements that can be
attached externally of the inflatable member or can be molded into the inflatable
member. For example, reinforcing elements can be made from hard plastics,
such as polycarbonate, glass-filled polymers, polyvinyl chloride, or thicker
layers of elastomers, such as polyester, polyurethane, etc, or from PTFE,
biocompatible malleable metals, or fiber reinforced polymers. A reinforcing
element can be positioned in a mold in a predetermined configuration and then

molded into the inflatable member by molding the inflatable member around the
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reinforcing element. Alternatively, reinforcing elements can be bonded to the
expandable member by heat, adhesives and/or solvents. Additionally, or
alternatively, a portion of an expandable member may be made non-compliant or
semi-compliant, while another portion is compliant. This can be accomplished
by use of reinforcing element(s) as described above and/or by making a portion
of an expandable member from a compliant material, while another portion is
made from a semi-compliant or non-compliant material. Another method for
making expandable members having preferentially expanding portions or
preferentially expanding shapes includes creating wall thickness variations in
different portions of the expandable member where the relatively thinner wall
portions expand prefefentiélly relative to the relatively thicker wall portions.

[00132] Figs. 6A-6B illustrate a device 10 having an expandable member 10em that
includes a compliant portion 10emc and a noncompliant portion 10emnc.
Alternatively, device 10 could be modified so that noncompliant portion 10emnc
is semi-compliant. In Fig. 6A, the compliant portion 10em is configured to be
expandable by elastic deformation once the chamber has been fully filled. In
contrast, noncompliant portion 10emnc does not elastically deform and thus only
expands to the fully filled shape théreof, but does not elastically deform to
expand further. Alternatively, noncompliant portion 10emnc may be a
mechanically expandable portion that only expands to a predetermined size and
configuration. Fig. 6B illustrates device 10 implanted relative to the stomach
120. The compliant portion 10emc of expandable member can be further
expanded by increasing pressure inputted through conduit 12 to effect additional
compression/restriction of the fundus portion of the stomach 10f. However, this
will not increase or expand the noncompliant portion 10emnc. In this case, the
noncompliant portion 10emnc is designed and configured so as not to be
expandable by elastic deformation, so as not to close off the antrum, 120a, as
this portion of the stomach needs to remain relatively unrestricted to allow
normal movement of food into the small intestines.

[00133] Various other arrangements of expandable members 10em having compliant
10emc and noncompliant 10emnc or semi-compliant portions can be configured,
and are custom-designable to be appropriate for their intended use. For example,

Fig. 6C illustrates a device 10 where less compression of the main or central
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portion of the stomach is desired, so that the noncomplieint_portion 10emnc
extends superiorly along the medial side that will be placed in contact with the
stomach. Fig. 6D illustrates an example, where noncompliant portion 10emnc
extends superiorly on an anterior surface of the expandable member 10em to
form a patch 10emncp configured to enhance tissue ingrowth from the anterior
abdominal wall for anchoring device 10 thereto. Patch 10emncp may be
provided with a roughened surface or other tissue ingrowth-enhancement
features. Additionally the extent of the anterior portion of noncompliant portion
10emnc may be provided to prevent a bulging appearance on the external surface
of the abdorﬁen of the patient.

[00134] The different portions 10emc and 10emnc may be formed from different
material, such as by co-molding, or the like. Alternatively, a noncompliant
material (e.g., polyester mesh reinforced polymer, or the like) may be over-
coated over a compliant balloon in the locations where the noncompliant portion
is desired to be formed. Other structural reinforcements may be provided in the
noncompliant portion, as already note above.

[00135] Fig. 7 diagrammatically illustrates the use of a space filling foam that can be
used as the expandable member 10. For eXample, the foam can be sprayed in
place or injected in order to form expandable device 10 that fills up substantially
all of the sub-diaphragmatic space into which the fundus normally expands.

[00136] Inflatable devices 10 can be inflated via a conduit 12 connecting device 10
with a source of inflation medium located outside of the patient, as mentioned
above and as described in more detail below. Alternatively, device 10 can be
configured to be self inflatable, such as by initiating a chemical reaction within
device 10 to produce pressurized gas and expand the device, once the device has
been properly implanted in an intended location. Fig. 8A illustrates an inflatable
device formed from a noncompliant material (a device having a compliant
inflatable member or semi-compliant inflatable member can also be used, and a
compliant inflatable member may not have folds in it in the deflated
configuration) in a deflated configuration and containing capsule 18. Once
device 10 has been properly implanted, anchored and positioned as desired,
capsule 18 is squeezed, crushed, or otherwise deformed, using graspers, or other

similar surgical instrument. This deformation increases the pressure within
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capsule 18, causing a membrane separating reactants in the c;xpsule to rupture, at
which time the chemical reactants react with one another to generate pressurized
fluid. For example, the reactants can combine to generate a chemical reaction
that creates gas as an end product. Combining an acid and a base will produce a
gas to inflate device 10. One such combination 'to produce CO; is acetic acid
and bicarbonate of soda. The amounts of chemicals contained in capsule 18 can
be predetermined to generate an amount of gas sufficient to inflate device 10to a
predetermined pressure, as illustrated after completion of the chemical reaction
in Fig. 8B.

[00137] As an alternative, or in addition to inflatable members, expandable devices
10 are provided to include expandab]é members 10em that are expanded via a
mechanically expandable mechanism. For example, Fig. 9 shows self expanding
device 10 comprising a self-expanding member 10em formed of intersecting
resilient structural elements (in this case, struts) 22 that can be made of a
resilient steel such as spring steel, nickel-titanium alloy, titanium or other
biocompatible, resilient metal, or resilient bidcompatible polymer, for example.
Device 10 is collapsible to a compressed configuration so as to be deliverable
through a sheath 24 to a target site where dévice is to be expanded and
positioned for implantation. Device 10 is biased toward the expanded
configuration, so that upon being ejected from sheath 24, device 10 self expands
to the expanded configuration, in the directions of the arrows shown in Fig. 9.
Device 10 can be optionally covered with an elastic membrane 26 to prevent
adhesions or ingrowth into the lattice of struts forming the expandable cage or
basket. Implantation of device 10 is reversible, as device 10 can be collapsed by
drawing it back into sheath 24 in a subsequent procedure to remove the device,
as tension of the device and drawing it into the opening of the sheath will cause
struts to move back into the contracted configuration. Other examples of
configuration of mechanically expandable devices 10 that can be employed in
the present invention are described in Application Serial Nos. 11/407,701 and
11/716,986.

[00138] Fig. 10 illustrates device 10 having a mechanically expandable member
10em, wherein device 10 is configured for intra-gastric implantation, as

described in detail below. Expandable member 10em can be self-expanding, and
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may be formed of intersecting resilient structural elements (é.g., struts or wires)
22 that can be made of a resilient steel such as spring steel, nickel-titanium alloy,
titanium or other biocompatible, resilient metal, or resilient biocompatible
polymer, for example. Device 10 is collapsible to a compressed configuration so
as to be deliverable through a sheath 24 to a target site where device is to be
expanded and positioned for implantation. Device 10 can be biased toward the
expanded configuration, so that upon being ejected from the sheath, device 10
self expands to the expanded configuration, as it is shown in Fig. 8. Device 10
can optionally be covered with an elastic membrane to prevent adhesions or
ingrowth into the lattice of struts forming the expandable member 10em.
Implantation of device 10 is reversible, as device 10 can be collapsed and
withdrawn from the surgical implant location.

[00139]  Fig. 11 illustrates a compound or “hybrid” expandable device 10 having
been positioned between the diaphragm 116 and stomach 120 and expanded
against the stomach to deform the stomach wall inwardly. As used herein, a
“hybrid” device is one that may be expanded by different expansion media or
techniques or mechanical features. As non-limiting examples, a hybrid device
may be a device with a structural support and a fluidly inflatable member, a
hybrid device may have mechanically and gas expandable aspects, a hybrid
device may have mechanically and liquid expandable aspects, a hybrid device
may have a chamber expandable via liquid plus a closed foam component, a
hybrid device may have a chamber expandable via gas plus a foam component,
etc. A compound expandable device includes hybrid expandable devices, but
may also be a device, for example, having a expandable member that is
expandable by gas or liquid or both, plus a foam member that is not typically
expanded during use, but which is insertable into the expandable member, or is
usable in conjunction externally of the expandable member. In the example of
Fig. 11, expandable member 10em of device 10 includes a mechanically
expandable portion 10m (shown as intersecting struts 22, although other
mechanically expandable configurations can be substituted) with one or more
inflatable portions 10inf connected thereto. In the example shown, inflatable
members 10inf are attached to form surface 10a, and can be independently

inflatable, or fluidly connected so as to be inflated through the same inflation
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lumen 12. Upon inserting device 10, the mechanically exp-anding portion 10m is
first allowed to self expand, after which, the inflatable portion(s) can be
adjustably inflated to produce additional deformation of the stomach, as well as
to provide a softer interface between the stomach wall and device 10.

[00140]  Fig. 12 illustrates another example of a hybrid expandable member in which
a self-expanding, mechahically expandable portion 10m is provided as a stent-
like structure of intersecting struts 22 that are self-expandable, like the self-
expansion of a stent used in vascular procedures. The mechanically expandable
portion 10m may be made of metal such as stainless steel or nickel-titanium
alloy, but is more typically made of resilient polymer struts 22. The mechanical
portion 10m is encapsulated by an inflatable porﬁon 10inf, which may be a
compliant material, such as silicone (preferably, high tear strength silicone, such
as NUSIL 6400 silicone, or the like), or other material described herein, or may
be or include a non-compliant or semi-compliant layer.

[00141] Figs. 13A-13C illustrate another embodiment of a hybrid expandable
member 10em. In this example, mechanical member 10m is self-expanding and
is formed as a continuous coil 23. Coil 23 may be formed of any of the materials
descn’bed above and is configured to self-expand to its expanded configuration
shown in Fig. 13A. Upon application of compressive forces, which may be
mechanical and/or applied by drawing a vacuum on inflatable member 10inf,
mechanical member 10m compresses by collapsing like a SLINKY® as
illustrated in Fig. 13B. This configuration has a smaller cross-sectional area than
that shown in Fig. 13A and is used for implantation of the device 10. Once
expandable member 10em has been positioned in or near a desired implantation
target site, compressive forces on mechanical member 10m can be release,
whereupon mechanical member 10m self-expands, as illustrated in Fig. 13C.
The layer encapsulating mechanical member 10m may form an inflatable
member 10inf that can be formed of any of the materials described above with
regard to Fig. 12, or may be expanded only by the mechanical expansion forces
of mechénical portion 10m. In examples where the encapsulating layer 10inf is
an inflatable member 10inf, such as is shown in Fig. 13C, inflatable member

10inf can be inflated with any of the inflation media described previously, after
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self expansion of mechanical member 10m and/or concilﬁrtrlérintiliyﬁwith the self
expansion of expandable member 10m.

[00142] The mechanical portions 10m of the embodiments illustrated in Fig. 12-13B
may be sandwiched between two layers of the encapsulating polymer, or may be
bonded to the inner wall surface of the encapsulating polymer layer, or may be
freely movable with respect to the encapsulating polymer layer.

[00143] Fig. 14 illustrates another example of a hybrid device 10 in which an inner
expandable member 10eml is at least partially surrounded by an outer
expandable member 10em2. At least fifty percent of the surface area of inner
expandable member 10eml may be surrounded by outer expandable member
10efn2, or at least seventy percent, or at least ninety percent, or inner expandable
member 10eml may be. completely encapsulated by outer expandable member
10em2. For example, inner expandable member 10em1 may be inflated with
one or more gases, and outer expandable member 10em2 may be inflated with
one or more liquids. Inner expandable member 10eml may be made of a
material that is more gas impermeable than that of outer expandable member
10em2. For example, inner expandable member 10em1 may be noncompliant or
semi-compliant or be a compliant material with a thin metallic cdating, and
expandable member 10em2 may be compliant. For example, expandable
member 10em2 may be made of silicone or polyurethane or the like. Other
examples of materials for inner expandable member include, but are not limited
to: co-extruded EVOH (ethylene-vinyl alcohol copolymer) and polyurethane,
with or without a metallic coating. Further examples of materials that can be
used to provide a relatively gas impermeable barrier by expandable member
10eml can be found in provisional application Serial No. 60/877,595; and
Application Serial Nos. 11/407,701, 11/716,985 and 11/716,986.

[00144] Two conduits 12 may be separately provided for inflating expandable
members 10em!l and 10em2, or a dual lumen conduit 12, as shown, may be
provided, with adjustment member 80 being configured to deliver gas, as well as
liquid, through different pathways, as explained in more detail below. A
reinforcing portion, such as shape pad 16 may be provided to help maintain the
desired shape of expandable members 10eml, 10em2, functioning somewhat

like a backbone to provide some structural integrity. Additional reinforcing
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portions 16 may be provided, internally and/or externally of éxi)andable member
10em2, or sandwiched between layers thereof. One or more attachment tabs
may extend from the expandable member 10em for anchoring to one or more
internal abdominal structures, such as by one or more of suturing, stapling,
tacking, adhesives, tissue ingrowth. Reinforcement portions and attachment tabs
may be made of reinforced silicone, such as mesh-reinforced silicone, for
example.

[00145] Fig. 15A illustrates a device having an internal, relatively gas-impermeable
expandable member 10eml and external expandable member 10em2 filled at
least in part with liquid, wherein the two expandable members are fillable via a
dual lumen conduit 12. Inner lumen 12 is in fluid communic.ation with inner
expandable member 10em1 and outer lumen 12, is in fluid communication with
outer expandable member 10em2. One or both expandable members
10em1,10em2 may be optionally be provided with a check valve 15 at the
interface between the respective lumen that it is in communication with and the -
expandable member, to help ensure prevention of leakage from the expandable
member.

[00146] Fig. 15B illustrates an adjustment member 80 configured for delivery of gas
to first expandable member 10em1 and liquid to second expandable member
10em2. A first port 84, is provided for connection with a source of pressurized
gas. Port 84, is in fluid 'communication with conduit 12, and can therefore be
used to input pressurized gas to expandable member 10eml. Port 84; is
provided for connection with a source of pressurized liquid. Port 84; is in fluid
communication with conduit 12, and can therefore be used to input pressurized
liquid to expandable member 10em2. Valve mechanisms 84vl, 84v2 are
provided to maintain the pressure within the conduits 12, 12, and to only
selectively allow fluids to be inputted to or extracted from expandable members
10eml, 10em2. For example, valve mechanisms 84vl, 84v2 can be any of a
number of well-known mechanical valves. Additionally, an elastomeric seal 82
(e.g., made from “self-sealing” silicone) may be provided to allow entry into
ports 84,, 84, via a needle or other appropriately configured delivery

mechanism.
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[00147] Figs. 16A-16C illustrate another embodiment of a hybrid device 10.
Expandable member 10em2 is configured to be adjustable in volume and
expandable member 10em1 is configured to expand to a relatively fixed volume.
In the example shown, expandable member 10em2 is fillable with hquid to
provide an adjustable volume thereof by varying the amount of liquid inputted
thereto. Expandable member 10em1 is provided with a structurally supported
chamber the extemal wall of which may be inflatable with gas, liquid or liquid
and gas. The material from which the wall of the expandable member 10eml is
made may be compliant, where the structurai support members 22 help to
maintain the expandable member 10em1 fully expanded to the desired volume.
Alternatively, the wall of expandable member can be made nonécompliant or
semi-compliant. Although not shown, when inflatable, expandable member
10eml can be inflated via a separate conduit and adjustment member.
Alternatively, inflation can be performed through a conduit 12 and adjustment
member 80 that is also used to inflate expandable member 10em2, and wherein
the conduit 12 and adjustment member 80 is configured in an integrated manher,
such as hike descﬁbed above with regard to Fig. 15B, for example, or in some
other integrated constructidn. Further alternatively, expandable member 10em1
may be expandable solely by the mechanical, self-expanding action of struts 22.

[00148] Alternatively, one or both of expandable members 10em1 may be provided
with an integrated adjustment member 80i. Fig. 16B illustrates a device 10
configured like that in Fig. 16A, except that adjustment members 80il and 80i2
are provided integrally with the walls of the expandable members 10eml and
10em2. In this case, no external conduit 12 is required to extend between an
expandable member and an adjustment member, nor does an adjustment member
need to be placed at or external of the abdominal wall. Inflation can be
performed with an inflation device having a extended needle like structure that
can be inserted intra-abdominally, after placement of device 10 intra-
abdominally, to inflate or adjust the amount of inflation pressure in an
expandable member. The valve and sealing structure of adjustment member 80i
can be like any of the examples described with regard to the external adjustment

members 80 described herein.
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[00149]  Fig, 16C is a cross sectional view of device 10 of Fig.- 16A, taken alt;ng_hn;
16C-16C. The struts 22 may be sandwiched between two layers of the
encapsulating polymer of expandable member 10em1, or may be bonded to the
inner wall surface of the encapsulating polymer layer, like shown in Fig. 16C, or
may be freely movable with respect to the encapsulating polymer layer.

[00150] Figs. 17A-17B show views of another embodiment of a hybrid device 10.
In this example, expandable member 10eml is a relatively gas-impermeable
chamber, which can be made of a non-compliant material. Any of the material
configurations described above with regard to Fig. 15A, expandable member
10em1, can be used to form a relatively gas-impermeable barrier. Accordingly,
expandable member 10eml can be filled with gas to the configuration shown,
wherein the expandable member does not substantially elastically deform.
Accordingly, the amount of displacement by expandable member 10eml is
relatively fixed. Expandable member 10em2 is fillable with liquid and/or gas,
and is elastically deformable/compliant so that the size/amount of displacement
by expandable member 10em?2 can be varied by the amount of pressurized liquid
and/or gas inputted thereto. For example, expandable member 10em2 may be
formed of silicone or polyurethane, or other compliant material or materal
combination.

[00151] As shown, expandable members 10em1 and 10em?2 are fillable by separately
provided adjustment members 80,,80; and conduits 124,12, respectively.
Alternatively, device 10 can be provided with a single adjustment member 80
and multi-lumen conduit 12 like that described above with regard to Figs. 15A-
15B. In either case, when both gas and liquid are used to fill expandable
member 10em2, the gas and liquid can be premixed and inputted through lumen
122, but typically, liquid and gas are sequentially inputted through the same port
and lumen 122, one after the other, in either order. Further, input of gas and
liquid may be iteratively performed. As noted, expandable member 10em2 may
be filled with liquid only, or with gas only, although typically the expandable
member 10em?2 will be at least panially filled with liquid. A silicone dipped or
molded layer 100s may optionally be provided to provide a continuous
atraumatic surface, particularly between the junctions between expandable

members 10eml, 10em?2.
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[00152] Fig. 18 shows an embodiment of device 10 in whlchmul—tlp]ecl;ambe{s or
expandable members 10eml, 10em2, 10em3 are provided, all made
noncompliant so as to be relatively gas impermeable.  Although three
expandable members are shown, two, four, or more than four expandable
members can be provided according to the same principles, to providé a device
that is adjustable to change the amount of volume/displacement of the device 10
within the abdominal cavity. Since the expandable members are not elastically
deformable, device 10 is made adjustable by the provision of valves 38 between
the chambers 10em1/10em2 and 10em2/10em3. An expansion valve 38 between
expandable members 10em1 and 10em?2 opens at a first predetermined pressure,
which is lower that a second predetermined pressure at which expansion valve
38 between expandable members 10em2 and 10em3 opens. Accordingly,
expandable member 10em1 is first filled by inputting pressurized gas through
adjustment member 80 and conduit 12. Although this embodiment is designed
particulaﬂy for inflation by gas, it can be alternatively filled with liquid or liquid
and gas. Device 10 can be used in the configuration shown by the solid line,
where only expandable member 10eml is inflated and expandable members
10em2 and 10em3 are collapsed and substantially conform to the perimeter of
expandable member 10em1.

[00153] To increase the volume of device 10 and thus the amount of displacement
thereby, pressurized medium (typically gas, but, as noted, liquid or liquid and
gas may be used) is added through adjustment member 80 and conduit 12.
When the pressure reaches or exceeds the first predetermined pressure, the input
valve 38 between expandable member 10em1 and 10em2 opens and expandable
member 10em2 begins to fill. Once expandable member 10em2 is filled, if
additional displacement is still desired, pressurized medium is continued to be
inputted through adjustment member 80 and conduit 12. When the pressure
reaches or exceeds the second predetermined pressure, the input/expansion valve
38 between expandable member 10em2 and 10em3 opens and expandable
member 10em3 begins to fill. Further details about “this nested chamber”
design can be found by referring to Application Serial No. 11/716,985, Fig. 7,
and the description thereof. As shown, a pair of valves 38 are provided at the

interfaces between chambers. One of each pair (the input valve) functions as
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described above, while the other of the pair is a deflation vzilve, that allows the
chambers to be deflated. Accordingly, when the relative pressure between
expandable member 10eml and 10em2 reaches a predetermined threshold,
where the pressure in 10eml is less than the pressure in 10em2 by at least the
predetermined threshold pressure differential, the deflation valve 38 between
chamber 10em1 and chamber 10em2 opens to begin deflating chamber 10em?2.
Similarly, when the relative pressure between expandable member 10em2 and
10em3 reaches a predetermined threshold (which may be the same or different
from the predetermined threshold relative pressure difference between 10eml
and 10em2), where the pressure in 10em?2 is less than the pressure in 10em3 by
at least the predetermined threshold pressure differential, the deflation valve 38
between chamber 10em2 and chamber 10em3 opens to begin deflating chamber
10em3.

[00154] Optionally, a catheter, or guidewire or the like (not shown) can be inserted
through adjustment member 80 and conduit 12, and through one or more valves
38 to physically opening the valves for inflation or deflation of one or more
chambers.

[00155]  Figs. 19A-19E are various views of ahother embodiment of a hybnd device
10 according to the present invention. Fig. 19A illustrates a device 10 similar to
that described above with regard to Fig. 17A, but wherein expandable member
10em2 has a different shape/conformation. Expandable member 10eml is
noncompliant and thus has a fixed size/volume when it is completely filled.
Expandable member 10eml is typically filled with gas, but could alternatively
be filled with liquid or liquid and gas. Expandable member 10em2 is compliant
and therefore its volume/displacement can be adjusted by adding or removing
pressurized medium thereto/therefrom. Typically, expandable member 10em?2 is
filled with a fluid and adjusted by the amount of fluid inputted thereto.
Alternatively, expandable member 10em2 can be filled with liquid and gas, or
gas alone, although the compliancy of expandable member 10em2 will typically
allow gas leakage/seepage, so that adjustment or “topping off” of the expandable
member 10em2 with gas may be required on a periodic basis. This is not the
case when expandable member 10em2 is filled with liquid. Fig. 19A shows

device 10 implanted in the abdominal cavity in a target location where it restricts
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the ability of the stomach 120, and particularly the fundus and central portion of
the stomach 120, from expanding beyond a predetermined amount. From this
view, it can be seen that by increasing the volume of inflation medium to
expandable member 10em2, this will increase the ﬁisplacement thereof, further
restricting the amount of space that the stomach 120 is allowed to occupy.
Conversely, if the amount of inflation medium is reduced, the stomach will be
allowed to expand more than before. The volume of expandable member
10em1, and thus the displacement thereby, is fixed, as noted above.

[00156] Fig. 19B shows a view of the device of Fig. 19A showing the walls of the
expandable members. The conduits 12,, 12; and adjustment members 80,, 80,
are not shown in this view for clarity. of the view of the sizes of the expandable
members relative to one another. Figs. 19C, 19D and 19E are cross sectional
views of device 10 of Fig. 19B taken along lines 19C-19C, 19D-19D and 19E-
19E, respectively, to better illustrate the variability of the cross sectional areas of
the expandable members 10em1 and 10em2. At Fig. 19C, expandable member
10em2 is configured to protrude from expandable member 10em1 prominently
to engage the Angle of His location of the stomach 120. At Fig. 19D,
expandable member 10em2 contours concavely ét the interface of the stomach
120 to engage the greater curvature of the stomach 120. Expandable member
10em2 has a relatively large volume at this location to prevent a signification
amount of expansion by the stomach 120 at this location, as the stomach 120 can
typically expand greatly in this area. At Fig. 19E, expandable member 10em1 is
significantly reduced in cross-sectional area compared to Fig. 19D, and
expandable member 10em2 is configured to engage the stomach 120 near the

pylorus.

Expandable Member Construction

[00157] The inflatable members of the inflatable devices described herein can
include compliant, noncompliant or semi-compliant materials, or any
combination of these. Examples of compliant materials suitable for lise in an
inflatable member as described herein include, but are not limited to: silicone,
latex rubber, and polyurethane. Examples of useable semi-compliant materials

include, but are not limited to: nylon, polyethylene, polyester, polyamide and
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polyurethane, see for example, U.S. Patent No. 6,500,148, which is hereby
incorporated herein, in its entirety, by reference thereto. Polyurethane, nylon,
polyethylene and polyester can be compliant or semi-compliant materials,
depending upon the specific formulation and hardness or durometer of the
material as produced. Examples of noncompliant materials that can be used in
the construction of inflatable members described herein include, but are not
limited to: polyethylene terepthalate (PET) and urethane. Urethane can be a
compliant, semi-compliant or non-compliant material depending upon its
specific formulation and hardness or durometer. Compliant, semi-compliant and
noncompliant categories are not solely material limited, but are better defined by
their expansion characteristics, as noted above. Some materials are best suited
for use in one of these categories (e.g., silicone and latex work well to make
compliant structures), but other materials can be formulated and/or constructed
to provide compliant, semi-compliant or noncompliant properties.

[00158] The expandable member 10em of device 10 can have a soft and
atraumatic outer surface to prevent damage to nearby organs and structures. In
at least one inflatable embodiment, expandable member 10em must be able to
hold carbon dioxide (CO,) gas without significant leakage. Silicone is one
example of a compliant material that can provide the desirable soft and
atraumatic outer surface of an expandable member, and is desirable due to its
mechanical properties as well as its successful history as a long term implant
material. However, silicone is somewhat porous and thus may not be ideal to
hold CO, gas, even at low pressures. Accordingly, the inner surface of an
expandable member 10em having an outer silicone layer can have a lining or
coating which has minimal gas permeability, as described in further detail
below. Such a lining can be provided in the form of a dual layer or multilayer
construction, where the layers are covalently bonded to each other by co-
extrusion, co-molding, solvent bonding, dip coating, spray coating, etc. or to
where the two or more layers are independent of each other, allowing relative
movement.

[00159] The inflatable member 10em of a device 10 can be constructed primarily of
a compliant material such as silicone, for example, in which case, the

expandability of the inflatable member is substantially isotropic, so that the
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inflatable member expands outwardly by equal amounts in all directions.
Alternatively, the wall thickness of the inflatable member can be varied so as to
vary the expansion characteristics of the inflatable member, to tailor its
expansion properties to a desired performance. As one example of this, the wall
including surface 10p can be formed thicker than the wall including surface 10a.
In this instance, upon inflation, surface 10a will expand outwardly by a greater
distance than surface 10p. A device 10 having a substantially flat surface, such
as the one shown in Fig. 3M, for example, can have a thicker wall that includes

. the flat surface 10p, relative to the wall that includes the surface 10a. Further
complexities can be introduced into the expansion properties of an inflatable
member by varying the thickness of the wall along the same surface. For
example, in a football shaped device, the central portion of the wall that includes
surface 10a can be formed thinner than the end portions of the wall that includes
surface 10a. As will be readily apparent, numerous variations in wall
thicknesses at various locations can be designed to provide a custom expansion

‘profile. Additionally, the provision of a thicker wall adds strength to the device
10. For example, by making the wall containing surface 10p relatively thicker,
this provides added support for maintaining the device in contact with an internal
structure in the abdominal cavity, and for maintaining some integrity to the
shape of the inflatable member.

[00160] Another technique for producing an inflatable member with a customized
expansion profile includes forming the inflatable member from a combination of
two or more of a compliant material, a semi-compliant material, and a
noncompliant material. For example, the end portions 10e of device 10 can be
made from a semi-complaint material or noncompliant material, while the
central portion 10c can be made of a compliant material. In this way, end
portiohs 10e expand less than central portion 10c when device 10 is inflated.
Additionally, especially when a noncompliant material is used, ends 10e provide
greater lateral support in contacting the wall of the stomach, and are less
deformable than if made of a compliant material. The portions of the inflatable
member that are formed of different materials can be co-molded together, or
bonded together using adhesives and/or solvents, or heat sealed to provide an

integral inflatable member as illustrated in the devices of Figs. 3A-8B, for
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example. Volume of a device is increased by stretcﬁi_ﬁlg or deforming in
response to a force or pressure, such as by inputting a fluid into the inner cavity
defined by the device. In addition to the non-expanded shape and size of the
expandable member of the device prior to inputting fluid, volume can also be
influenced by the compliance of.the material used to make the expandable
member, as well as the wall thickness of the material used to make the
expandable member. As another example, end portions 10e can be formed of a
material that is less compliant (e.g., noncompliant or semi-compliant) than the
material that central portion 10c is formed of. For example, portions 10e can be
formed of polytetrafluoroethylene (PTFE) or PET, and central portion 10c can
be fonned of silicone, or other compliant material. Alternatively, end portions
10e can be solid and thus noncompliant. End portions 10e can be joined to
central portion 10c by solvent bonding, heat bonding, adhesives, etc. End
portions 10e can be in fluid communication with central portion 10a, or they can
be independently inflatable through a second lumen, as described above. In this
arrangement, end portions 10e remain substantially in their present
configuration, and thereby maintain an intended distance therebetween to fit the
perimeters of the stomach wall as intended, while central portion 10a expands to
deform the stomach wall inwardly.

[00161]  Further alternatively, end portions 10e can be integral with and in fluid
communication with one another, and wrap around the surface 10p of central
portion 10c. This construction provides even greater structural rigidity in the
end members, since they are interconnected or integral with a portion made from
the same noncompliant (or semi-compliant) material. End portions 10e can be in
fluid communication with central portion 10c so as to be inflated via the same
input lumen. Alternatively, end portions 10e can be independently inflatable.
The integral end portions can be glued or otherwise fixed to central portion 10c.
As another alternative, the end portions (and/or the piece integrally connecting
them) rather than being inflatable, can be foam filled, or solid polymer.

[00162] When inflating an inflatable member with a pressurized gas, some materials,
especially the compliant materials such as silicone and the like, may have an
inherent porosity that may not adequately maintain a desired pressure within the

membrane or wall of the inflatable member over an extended period of time.
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This seepage or slow leakage of gas from the inflatable member rﬁa} require a
patient to have the implant checked more frequently then required for other
physiological concerns, to ensure that it is maintaining adequate pressure and
thus is expanded to the extent desired to perform the desired amount of
deformation of the stomach. One way of eliminating or substantially reducing
such seepage is to coat an inner or outer surface of the inflatable member with a
“gap-filling” substance, such as a gel or an oil, to fill in and seal the porosity of
the material used to form the inflatable member.

[00163] Another way of eliminating or substantially reducing such seepage is to
provide an inner liner inside the wall of the inflatable member. Fig. 20A
illustrates an inflatable member 10em of device 10 having an ihner liner 14 that
is less porous that the outer membrane 13. As shown in Fig. 20B, liner 14 is
made of a material that has less porosity than the outer layer of inflatable
material 13 forming inflatable member 10em, that is relatively more porous (see
pores 13a). Layer 14 can be bonded to layer 13, or not. One way of bonding
layer 13 to layer 14 is to overmold layer 13 on liner 14. In one example, layer
13 is formed from silicone and layer 14 is formed from polyurethane. In another
example, layer 13 is formed from silicone and layer 14 is formed from polyester.
Of course, other materials can be substituted for layers 13 and 14 to perform
similar functions. Outer layer 13 should be inflatable, and relatively non-porous,
with outer surface characteristics suitable for contacting the stomach and other
structures in the abdominal cavity. In this regard, silicone and other relatively
soft, elastic materials provide good atraumatic interfaces. The inner liner 14
should be less porous than the outer layer, and can be compliant, semi-compliant
or non-compliant.

[00164] An example where inner liner 14 is separate from outer layer 13 is
illustrated in Fig. 11. In the example shown, liner 14 is a relatively non-
compliant or semi-compliant layer relative to compliant layer 13. The view of
Fig. 21 shows expandable member 10em of device 10 in .an inflated
configuration. The walls of liner 14 are wavy, and may have folds and creases,
as the fully expanded liner 14 can be designed to be as large or larger than the
outer layer 13. In this way, outer layer 13 can begin to stretch without fully

inflating the inner layer 14. For example, in a partially expanded configuration,
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neither layer is stretched. As fluid is inputted into the exia-z;ficl'aﬂié 7m'ember, the
outside layer 13 becomes stretched prior to fully inflating the inner layer 14, as
shown in Fig. 21. This may be sufficient expansion of the device, depending
upon the application. The device can be further expanded so that the walls of
layer 14 no longer have folds or creases therein, as layer 13 expands still further
under the greater pressure applied. If layer 14 is semi-compliant, it can even be
stretched somewhat under increased pressure. As a polymeric layer expands and
its wall becomes thinner, the seepage rate through the layer of a gas under
pressure increases. Since the inner layer is hot stretched (or stretched very
little), or is essentially non-permeable, it retains its maximum ability to prevent
seepage therethrough, while, at the same time, the outer layer 13 becomes fully
expanded and smooth for interfacing with the structures in the abdominal cavity.

[00165] For example, layer 14 can be made from polyurethane and layer 13 can be
made from silicone, although substitutes for each layer can be made, as already
noted. Further, even by forming layers 13 and 14 both from a compliant
material such as silicohe, some reduction in seepage rates is achieved.

[00166]  Figs. 22A-22B illustrate another approach to reducing or minimizing the
seepage rate through an inflatable member. Fig. 22A illustrates expandable
member 10em of inflatable device 10 in a compact, deflated configuration,
wherein no or a minimal amount of inflation medium exists within the inflatable
member 10em. Upon inflation of device 10, the inflatable member is inflated
only up to a maximum pressure before the wall 13 begins to elastically deform.
Because the wall 13 does not elastically deform, the inflated device of Fig. 22B
maintains the same porosity and seepage performance that it had in the deflated
configuration, as opposed to elastically deforming the inflatable member, which
may increase the seepage rate, as discussed above. The wall thickness and or
material for constructing the inflatable member of device 10 in this situation can
be chosen so that the maximum pressure before elastic deformation is sufficient
to fill a space into which the stomach would normally expand if the device were
not placed there, and to prevent the stomach from expanding into the space. In
one embodiment, in order to occupy the space to prevent the stomach from
expanding into the space, device 10 is inflated, but not to elastic deformation,

and positioned adjacent the stomach to fill a volume of space that device 10 then
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prevents the stomach from expanding into. Alternatively, device 10 can be made
from a compliant material and configured to fill the space when in an elastically
deformed configuration.

[00167]  Figs. 23A-23H illustrate one approach to fabricating a dual layer inflatable
member 10em for device 10. The outer layer 100 is preferably formed from a
compliant, relatively soft polymer to provide an atraumatic interface with the
stomach wall. For example, outer layer 100 can be silicone, latex rubber, or
other soft, compliant elastomer. Figs. 23A-23C illustrate one method of
manufacturing outer layer 100. A mold 540 that has an outer surface
conformation that is what matches the desired conformation of outer layer 100 1s
dipped into a vat 542 of liquid polymer of the material that layer 100 is to be
formed of. After a predetermined time, mold 540 is pulled out of vat 542 and
agitated to equally distribute the polymer layer that has accumulated on the
mold, while the polymer cures or solidifies, see Fig. 23B. The steps in Figs. 23A
and 23B can be repeated until layer 100 has obtained the desired wall thickness.
Other materials and/or structures (such as fiber reinforcement, anchoring
structures, etc.) can be optionally molded into the layer 100 by placing such
materials or structures on the outer surface of the polymer accumulated on the
mold, between dips, and then dipping and agitating for one or more repeated
cycles.

[00168] After finishing the cycles of steps 23A and 23B, and after sufficient curing,
the layer 100 is cut from mold 540, such as by cutting a slot or opening 10sl
aligned with the shaft 541 that extends from mold 540 and peeling layer 100
from the mold 540, as illustrated in Fig. 23C. Opening 10sl is dimensioned to
permit the passage of an inner layer therethrough, in a manner as described
below. Outer layer 100, as removed from mold 540, is illustrated in Fig. 23D.
In the example shown in Fig. 23D, opening 10sl is a slot that generally extends
between ends 10e. The inner layer can be formed of a somewhat less compliant
material, such as a semi-compliant or noncompliant material. In the example
shown in Fig. 23E, inner layer 10j is formed from polyurethane. A conduit 12i
configured to connect with conduit 12 is provided that extends from and is in
fluid communication with inner layer/liner 10j. Inner layer 10 may be less

porous than outer member 100, for reasons discussed above, and is inflatable to
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expand member 10j. However, inner liner 10j may or ma—y not be elastically
deformed when inflating device 10 to its expanded configuration, while outer
layer 100 typically will be elastically deformed upon inflation of device 10 to an
expanded configuration. Alternatively, device 10 can be inflated to an expanded
configuration where neither inner liner 10j nor outer layer 100 are elastically
deformed or stretched.

[00169] Fig. 23F shows element 16 that can be used to integrate the two inflatable
layers 10j and 100. In the example shown, element 16 comprises a silicone strip
having a conduit 12 that connects with an opening through the strip. To further
enhance the impermeability of the completed inflatable member 10em, element
16 may be made from a semi-compliant or noncompliant material (e.g.,
polyurethane, in this example) and coated on the external surface with a
compliant material such as silicone or the like, or dip-coated so that the strip is
completely encased with the compliant material. Optionally, element 16 may be
fiber-reinforced, and include anchoring elements as taught in Application Serial
No. 11/407,701 with reference to Fig. 13G in that application. For device 10 to
be deployed through a small opening in the stomach wall, however, element 16
will typically be designed to be as flexible as possible, such as by being formed
from a compliant material, or semi-compliant or non-compliant material coated
with a compliant material, as described above. Further optionally, element 16
may be made from a semi-compliant or non-compliant strip and not coated with
a compliant material.

[00170] Conduit 12 extends proximally from reinforcing element 16, with also a
distal end (not shown) opening from a bottom surface 16b thereof that is
configured to be in fluid communication with conduit 12i. To assemble the
inflatable member, conduit 12i is connected in fluid communication with the
distal end of conduit 12 and sealed, such as by a pressure or friction fit and/or
adhesives. Inner inflatable member is deflated to a compressed configuration,
and may be further compacted by folding or scrunching the walls together, as
illustrated in Fig. 23G. Next, inner inflatable member 10j and conduit 12i are
inserted through opening 10sl and element 16, which overlaps opening 10sl, is
adhered over opening 10sl to seal the outer member 100 so that an enclosed,

inflatable space that is substantially leak-proof to fluid and/or gas under pressure
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results. The resulting inflatable expandable member 10em is illustrated in Fig,
23H. Although the above steps have been described with regard to
manufacturing a dual layer inflatable member, it is noted that a single layer
inflatable member can be manufactured similarly. Also, an inner layer of a dual
layer inflatable member can be manufactured using techniques as described with
regard to Figs. 23A-23C, for example. To manufacture a single layer inflatable
member, the layer generated by steps shown in Figs. 23A-23C is then sealed
with an element 6, as illustrated in Fig. 231. In any of these embodiments,
element strip 16 can be prefabricated to incorporate fixation structures (e.g.,
anchors), conduit 12, internal valve structures for controlling pressure within
.expandable member 10em via conduit 12 and/or radiopaque markers.

[00171] Expandable member 10em can be configured to have more than one
independent inflatable member or chamber. For example, Fig. 24A illustrates
expandable member 10em that is provided as a dual layer expandable member,
wherein outer layer 100 surrounds both inner inflatable elements 10il and 1012,
each of which are independently inflatable. In the embodiment shown, each of
members 100, 10i1 and 10i2 is independently inflatable via dedicated inflation
tube 546, 547 and 548 that pass through conduit 12 and connect to the three
respective inflatable members, respectively. This allows differential expansion
of expandable member 10em. For example, if more displacement of the stomach
120 is desired in the area contacted by member 10il and outer member 100 than
what is desired in the area contacted By member 10i2 and outer member 100,
then member 10il can be inflated to a higher volume than member 1012 to effect
more movement by member 10il. Also, it is noted that similar functionality can
be obtained in a single layer arrangement, for example, like that shown, only
without the outer layer 100. In such an arrangement, members 10il and 10i2
would still be independently inflatable. Members 1011 and 10i2 can be
connected together, for example using fixation structures and techniques
described herein or in any of Application Serial Nos. 11/407,701, 11/716,985
and 11/716,986, to prevent the members from migrating away from one another.

[00172] Fig. 24B illustrates an c;xample where the expandable member 10em of Fig.

24A has been resized (such as by reducing the volume in member 10i1 and/or
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increasing the volume in member 10i2) so that the members 10il and 10i2 are
approximately the same size. ,

[00173] Reinforcing elements 16 can be configured to provide a more rigid frame or
structure to maintain the inflatable member in a desired orientation or
configuration when inflated and when applying forces to the stomach. The
reinforcing elements can be arranged to provide a relatively rigid “exoskeleton”
or “endoskeleton” of the inflatable member, as described in further detail in

Application Serial No. 11/407,701.

Surface Features

[00174] The exterrial surfaces of devices 10 are designed to provide atraumatic, non-
irritating interfaces with the internal structures in the abdominal cavity that are to
be contacted with. Surface 10a, designed to interface with the stomach wéll, can
be smooth and designed to reduce friction therewith. Similarly, surfaces 10p can
be designed to abut another internal structure, such as the diaphragm, abdominal
muscles, or other structure, and can be designed to be smooth and to reduce
friction between the device surface and the internal structure. These smooth
features, as with other surface features described herein, can be designed into the
existing surfaces of the device, or can be provided by attaching an additional
layer to a portion of the surface of the device where the feature is desired. For
example, smooth, non-frictional surfaces can be provided by the surface of the
balloon material of an inflatable device, or by polishing metallic struts of a
mechanically expanding device and/or radiusing edges thereof. Altemnatively,
all or a portion of a surface can be coated with a low friction matenal, e.g.,
PTFE, hydrogels, covalently-bonded lubricant or jelly, etc., or can be modified
so that the surface has a microporous, sponge-like quality able to microabsorb
body fluids and thereby create a low friction surface. A porous polymeric layer
can be coated over all or a portion of a device surface and impregnated with a
lubricious material, such as hydrogels, for example.

[00175] In addition to providing a low friction surface, reduction of irritations and/or
prevention of adhesions with hydrogels, linked surface polymers,
phosphorylcholine, or other treatments can be provided by a treatment- or drug-

eluting coating 40 over all or a portion of a device surface, as illustrated in Fig.
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25. Additionally, at least the portion of conduit 12 that contacts tissue may be
coated with coating 40. Such a coating 40 can be impregnated with a substance
to be diffused out of the coating over time, or can be provided with other known
time-release mechanisms. Examples of substances that can be provided in such
a coating include, but are not limited to: anti-obesity drugs, other drugs for
treating co-morbidity that can be associated with the patient’s obesity,
antiproliferative drugs such as rapamycin, TAXOL®, MYCITAXOL®, or the
like; heparin; anti-inflammatory drugs such as ibuprofen, acetaminophen or
aspirin; steroidal anti-inflammatories such as fluticasone, mometasone,
triamcinalone, prednisone, methylprednisone or the like; other non-steroidal
anti-inflammatory drugs; and/or pain medications, such as lidocaine,
bupivicaine, etc. Additionally, or alternatively, device 10 can be provided with a
reservoir 36 (as illustrated in Fig. 26) to hold one or more of the treatment
substances just described. Treatment substances can be delivered to the surface
of device 10 through one or more pores or channels 38 via diffusion, or by an
active drug delivery pump of a type currently known in the art, which can be
configured for continuous or intermittent timed release of the substance.

[00176] Referring to Fig. 27, one or more surface portions can be roughened, or
made to have increased porosity, relative to the remainder of the surface, to
increase friction when contacted with an internal structure to help prevent
migration of device 10 and/or to promote a healing response and subsequent
ingrowth of tissue into the roughened or porous surface to function as an anchor
of the device, as also described below with regard to anchoring. Such roughened
or increased porosity surface can be formed into the surface of inflatable device
10, as shown in Fig. 27, or can be formed by attaching an additional layer of
material to the surface, such as a fiber-reinforced silicone patch, a patch of fiber-
lined polyester, a patch of a material that is more porous than the porosity of the
surface of the device, or other layer configured to provide the desired
characteristics. In addition to providing a roughened, more porous, and/or drug
eluting function, a backing or patch 40 can also provide additional structural
integrity to a portion of device 10 to reduce the amount of expansion of that
portion of the device relative to the remainder of the expandable body. Further,

backings, patches or reinforcing layers 16,40 can be used to reinforce attachment
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of other structures to the expandable device, such as anchors for example. One
or more locations on the surface of a device 10 can also be configured to be

radiopaque, as described in more detail below.

Anchoring

[00177] In some embodiments of the present invention, device 10 is anchored via
expansion forces of the expandable member 10em against the internal stomach
wall lining. Additionally, the conformation of expandable member 10em of
these embodiments can provide a mechanical type of anchoring, wherein the
inferior end portion of expandable member 10em is too large to pass further
inferiorly within the stomach or into the intestines. Additional fixation members
may also be applied. In some embodiments where device 10 is an extra-gastric
device, device 10 may be primarily anchored relative to the stomach 120 via
conduit 12 that passes through the wall of the stomach. In other extra-gastric
embodiments, it may be desirable to allow the stomach and other organs in the
abdominal cavity to move relative to device 10. With regard to the extra-gastric
embodiments, it may be desirable to anchor device 10 relative to at least one
internal body structure to prevent migration of the positioning of device 10. Fig
28 illustrates a device that can be used according to some extra-gastric method
embodiments described herein, with expandable member 10em including
surfaces 10a and 10p, and an adjustment member 80 (described in further detail
below) including an inflation port, wherein adjustment member 80 is in fluid
communication with the expandable member by conduit 12. Conduit 12 is
typically flexible and can be made from any of the polymeric materials described
above for making the inflatable, expandable member 10em, which can also be
used to make conduit 12 in embodiments where conduit 12 passes through the
wall of the stomach 120. Typically silicone or reinforced silicone can be used.
In any case, conduit 12 is constructed to be flexible and kink-resistant, and for
connection to an inflatable, expandable member, to have low or no permeability
to pressuri‘zed fluids to be used to inflate expandable member 10em. Further, in
this embodiment conduit 12 is formed to have sufficient length to interconnect
the expandable member with adjustment member 80 when the expandable

member is positioned in a target surgical area within the abdominal cavity,
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adjacent the stomach and in an expanded configuration, and when adjustment
member is positioned outside of the abdominal cavity, typically fixed to the
abdominal muscles, externally of the abdominal cavity, or in some other
subdermal location outside of the abdominal cavity. In these situations,
anchoring of adjustment member to the abdominal wall or other location
external of the abdominal cavity can prevent migration of the expandable
member in a direction indicated by the arrow in Fig. 28, although this is typically
not the case, since conduit 12 is not typically designed as a tether and is intended
to be left slack when the expandable member is properly positioned and
adjustment member is anchored. In any event, conduit 12 will not prevent
migration of the expandable member in any other direction, including
downwardly, which can be a direction that the expandable member can be urged
to migrate by forces such as peristaltic activity of the stomach, gravity, etc.
Accordingly, adjustment member 80 and conduit 12, in the arrangement
described, without further fixation, do not provide an anchor. However, other
arrangements are described herein where conduit 12 (and optionally, an
adjustment member) can be arranged to anchor the expandable member 10em.
[00178] In order to prevent or minimize the potential of migration, it is desirable to
anchor the expandable member 10em in at least one location to an internal
structure in the abdominal cavity. Anchoring techniques described below can be
carried out by themselves, or in combination with one or more other anchoring
techniques described. As noted above, one way of providing an anchor is to
provide a roughened surface or surface of increased porosity to increase friction
between the expandable member and the internal structure it is contacting and/or
to promote tissue ingrowth. Additionally or alternatively, adhesives can be
applied to one or more surfaces of the expandable member of device 10 to be
fixed to one or more internal structures. Additionally or alternatively, adhesives
can be applied to the surface(s) of the internal structure(s) where contact by the
device is to be made for anchoring device 10 thereto. Adhesives can be applied
to such structures via a conduit inserted into the abdominal cavity from a
location external of the patient, wherein adhesives can be flowed or sprayed onto

such structures.
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[00179]  Another anchoring méchanism can be provided by pfacement of one or
more suction members 44 on the surface of the expandable member of device 10
(an example of which is shown in Fig. 30 of Application Serial No. 11/407,701).
Alternatively, one or more suction members 44 can be fixed to the internal
structure (such as by suturing, hooks, adhesive, etc.) to which the expandable
member is to be anchored. Suction members may be suction cups, although
other configurations of suction producing features can be substituted as suction
members (e.g., members having elongated suction chambers, etc.).

[00180] Fig. 29A illustrates that anchoring can be performed using one or more pairs
of magnets 46 oriented to attract to one another. In the example shown in Fig.
29A device 10 is anchored to an internal surface of the abdominal wall or
abdominal muscle by fixing a first magnet to surface 10p of the expandable
member of device 10, while fixing another magnet 46 subcutancously in a
position to align with the other magnet 10 at a location where surface 10p is
desired to be anchored, and with opposite poles of the magnets 46 facing each
other. It will be readily understood that more than one pair of magnets can be
arranged to establish the anchoring. The magnets can be fixed by adhesives,
suturing, or other alternative fixing means. When the expandable member
includes a polymeric surface, magnet(s) 46 can be molded into the polymeric
wall of the expandable member, or fixed to the internal surface of the polymeric
wall. Further alternatively, the magnet(s) 46 opposing the magnet(s) 46 on the
expandable member can be fixed to the opposite wall of the structure (i.e.,
outside of the abdominal cavity) to which device 10 is to be anchored (e.g., the
external wall of the abdominal muscle in this example), embedded within the
internal structure to be anchored to, or fixed to the skin, on the internal side of
the skin layer.

[00181] Further alternatively or additionally, surface 10a of device 10 can be
anchored to the stomach wall using one or more pairs of magnets 46, as
illustrated in Fig. 29B. Magnet(s) can be attached to the stomach wall either on
an internal surface of the wall, external surface of the wall, or embedded
between layers of the wall. Magnet(s) 46 can be fixed to the wall of device
including surface 10a in any of the manners described above with regard to

attaching magnet(s) to the wall of device 10 that includes surface 10p.
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[00182] The conduit 12 interconnecting the expandable member 10em and
adjustment member 80 of device 10 can be configured to anchor the expandable
member to an internal structure, such as the stomach 120, for example, as shown
in Fig. 29A, with or without additional fixation structures as described. In the
example illustrated in Fig. 29A, the expandable member of device 10 is
anchored against the external surface of the stomach 120, by fixing conduit 12
against the internal layer of the stomach via adjustment member 80.

- Additionally, this example shows magnetic anchoring of surface 10p.
Alternatively, or additionally, other forms of additional anchoring may be

~ provided as described herein. Further alternatively, device 10 may be anchored
solely via the anchoring of conduit 12 that passes through the stomach wall.
Conduit 12 can be reinforced, especially in the location between the fixation to
the stomach wall, such as by connection of adjustment member 80 thereto, to
withstand being maintained under tensile forces to anchor the expandable
member. Reinforcements can include fiber reinforcement, steel or polymer
meshes or coils, etc.

[00183]  Fig. 30 illustrates device 10 using a combination of attachment/anchoring
features. The superior end portion of device is indicated by 10s, the inferior
portion by 10i and the anterior surface of the device is indicated by 10a. Device
10 of Fig. 30 is configured to be inserted intra-abdominally, such that the left
lobe of the liver 121 is positioned anteriorly of, and contacts the liver attachment
patch 401, and attachment patch 40a contacts the anterior abdominal wall. These
patches 40a, 401 are configured to encourage tissue ingrowth and thereby anchor
device 10 to the anterior abdominal wall and the left lobe of the liver.
Additionally, an attachment flange or fin 150f extends around at least a portion
of the surface 10p of the expandable member 10em of device 10, and extends
tangentially therefrom, thereby being configured to be placed in contact with the
anterior abdominal wall and lateral abdominal wall (and, optionally a portion of
the diaphragm 116) for attachment thereto.

[00184] The outwardly directed surface of attachment flange 150f may be provided
with a roughened/tissue ingrowth enhancing surface 150fr (e.g., polyester felt or
mesh, or the like) while the inwardly directed surface 150fs that is not intended

to contact and anchor to a structure is smooth, such as smooth silicone, for
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example, such as high tear strength silicone, e.g., NUSIL 6400 silicone, or the
like. Attachment tabs 150 may be made of high tear strength silicone, e.g.,
NUSIL 6400 silicone, or the like, and extend from flange 150f to facilitate
further anchoring by stapling, tacking, suturing, gluing, etc. these tabs to one or
more internal structures. Additionally, or alternatively, stapling, tacking,
suturing and/or gluing, etc, can be performed on or through the flange 150f
itself.

[00185] When implanted, device 10 overlies (i.e., lies anteriorly of and in contact
with) a portion of the stomach 120, the inferior portion of attachment flange 150f
is attached to the anterior abdominal wall, with the intermediate and superior
portions of the attachment flange 150f being attached laterally to the abdominal
wall and to a portion of the diaphragm 116. Attachment pad 40a abuts the
anterior abdominal wall and, over time, tissue ingrowth occurs, thereby
anchoring patch 40a to the anterior abdominal wall. Similarly, the left lobe of
the liver overlying and contacting patch 401 results in tissue ingrowth into patch
401, thereby anchoring it to the liver 121.

[00186]  Figs. 31A-31C illustrate various stapling patterns that may be employed for
stapling an attachment flange 150 or éttachment tabs 150 to one or more internal
body structures for anchoring device 10/expandable member 10em. Although
the patterns shown are for application of staples to perform anchoring, the same
patterns can be applied for anchoring by suturing, and/or tacking, which may
also be in combination with stapling and/or any of the other fixation/anchoring
means described herein. In Fig. 31A, multiple staples 150s (rows of two staples
each, as shown, although three or more staples may be used, per row) are
provided in rows that extend radially outwardly from expandable member
10em, through attachment tab(s)/flange 150. The rows are separated by
substantially equal distances 150d; about two to three cm, as shown. In Fig.
31B, multiple columns of staples 150s are provided (two columns as shown,
although three or more columns may be provided). These columns generally
follow the contour of the attachment tab(s)/flange 150 and/or the surface of the
expandable member 10em that the attachment tab(s)/flange is connected to. In
Fig. 31C, reciprocal patterns of staples 150s are used. In the top two patterns

shown, staples 150s are arranged in a cross pattern. In the bottom two patterns
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shown, staples 150s are arranged in a box pattern. Alternative reciprocal
patterns may be employed, such as triangular, circular, etc.

[00187] Figs. 32A-32B illustrate a device 10 in a deflated configuration and an
inflated configuration, respectively, in which attachment flange 150 has been
integrated into the weld seam 160 of the expandable member. In the example
shown, expandable member 10em is formed of a metallized, compliant material,
examples of which are described in more detail in Application Serial Nos.
60/877,595 and 11/716,985, both of which were incorporated by reference
above. Accordingly, rather than bonding attachment tab(s) or attachment flange
150 to the outer surface of the expandable member 10em. When an expandable
member is formed by welding' two portions together (such as by thermal
bonding, RF energy weld, etc.), a peripheral portion of the attachment
tab(s)/flange 150 is positioned between the peripheral portions of the walls of
expandable member 10em to be welded together, thereby sandwiching the
attachment tab(s)/flange(s) 150 between the expandable member layers and
bonding all together during the welding process. In the example shown, the
expandable member walls are of a polyurethane base material, with a metallic
coating (e.g., titanium or the like) thereover, which is then dipped in silicone.
However, integration of one or more attachment tabs 150 and or attachment
flanges 150 can be performed in the same manner described above when
performing a weld seam during forming an expandable member comprised of
materials other that those described with regard to the example shown. Further,
this sandwiching technique is particularly advantageous in instances when an
external silicone dip layer is not needed or used over the expandable member
material. |

[00188]  Figs. 33A-33B illustrate different views of another attachment mechanism
that can be employed for anchoring a device 10 according to the present
invention. Fig. 33A illustrates an anchor strip 170 that is configured to be
anchored to an internal body structure, and protective strip 172 that is configured
to be fixed to the fixation surface of anchor strip 170 to protect the fixation
surface during anchoring of the strip 170 to an internal abdominal structure, such
as the abdominal wall, or other structure, and optionally (typically) during a

period to allow tissue ingrowth into surface 170t of strip 170, prior to anchoring
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device 10 to strip 170. As shown in Fig. 33A, protective strip 172 is only
partially fixed to anchor strip 170, as a portion thereof has been peeled away
from anchor strip 170, such as by applying tension to tab 174 with sufficient
force to break the releasable bonds between the strips 170,172. In the example
shown, the releasable bonds are achieved with hook 176 and loop 178 type
fastener material. Tabs 174 may be provided at any locations along the
perimeter of protective strip 172 and are provided at the ends thereof in the
example shown in Fig. 33A. Tabs 174 are features. provided for conveniently
manipulating the protective strip 172, such as by graspers or the like.

[00189] Fig. 33B shows protective strip 172 fully attached to anchor strip 170 with
the back, or tissue engaging surface of anchor strip 170 being shown. Thus, Fig.
33B shows the flip side of the arrangement of Fig. 33A. The tissue engaging
surface of anchor strip 170 may be provided with a tissue ingrowth material that
is roughened, porous and/or otherwise configured to encourage tissue ingrowth.
For example, Dacron felt, Dacron mesh or other polymeric woven, felt or
material having porosity of a size configured to encourage tissue ingrowth may
be used.

[00190] Fig. 33C is an illustration of a partial anterior view of a patient 1, in which
anchor strip 170 and protective strip 172 have been fixed at a left anterior
location of the abdominal wall. Anchor strip 170 may be initially fixed to an
internal body structure, such as the abdominal wall, for example, using sutures,
staples, tacks or other mechanical fixation. Fig. 33D is a partial, cross-sectional
illustration showing anchor strip 170 attached to the abdominal wall 127 using
sutures 59 and protective strip 172 removably fixed to anchor strip 170 via hook
and loop type fasteners. When the tissue engaging surface of anchor strip 170 is
placed into contact or near the target site on the abdominal wall 127 where it is
to be fixed, graspers or a hooked-needle type of tool (not shown, but this
technique is described in more detail in Application Serial Nos. 11/716,985 and
11/716,986) can be inserted through the skin 125, fat 127 and abdominal wall
127 to engage a suture and pull it through the abdominal wall. In order to carry
out this technique, sutures 59 may be pre-placed through anchor strip 170 to
extend from the tissue contacting surface of anchor strip 170, as illustrated in

Fig. 33E. Sutures may be fixed to the strip, with free ends extending therefrom,
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as shown, or the free ends may be tied together to form a loop. Note that tab
features can also optionally be provided on anchor strip 170. When used on
either anchor strip 170 or protective strip 172, tabs 174 are typically rounded at
their free ends, as shown, to reduce potential trauma that might otherwise be
caused by interaction of sharp or acute surface edges with tissue.

[00191]  After pulling the sutures 59 through the abdominal wall, the sutures are then
tied down against the fascia externally of the abdominal wall, thereby holding
the anchor strip in contact with the inner surface or the abdominal wall.
Subsequently, tissue ingrowth into the tissue ingrowth surface 170i of the anchor
strip reinforces the anchoring of the anchor strip 170 to the abdominal wall 127.
This tissue ingrowth can be so substantial that the sutures are no longer needed
to maintain the strip in place.

[00192]  Fig. 33F illustrates use of staples 150s to initially fix the anchor strip 170 to
the inner surface of the abdominal wall 127. Staples can be driven through the
anchor strip 170 and abdominal wall 127 from a location in the abdominal
cavity. Staples can be driven through the protective strip 172 and anchor strip
170 as shown, as protective strip can be removed with sufficient force to cause
the staples to pull through the material of the protective strip 172. Alternatively,
staples may be driven through the anchor strip 170 to fix it to the internal
abdominal structure, and then the protective strip 172 can subsequently be
attached to the anchor strip 170. Staples 150s may be preloaded in anchor strip
170, without extending out of the tissue engaging surface of the anchor strip 170,
prior to insertion of anchor strip 170 into the abdominal cavity. Alternatively,
anchor strip 170 may be first placed into contact with the abdominal wall or
other target internal structure to be anchored to, and then staples 150s can be
delivered from a stapling tool to drive the staples through the anchor strip 170
and abdominal wall 127.

[00193] If the tissue ingrowth surface 170i is provided with a fast reacting tissue
adhesive material (such as cyanoacrylate, or the like), initial attachment in this
case may not need sutures or staples or any mechanical fixation means, as
anchor strip 170 can be adhered to the target internal abdominal structure and

held there by the adhesive bonding during the period of tissue ingrowth.
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[00194] An anchoring strip 179 is fixed to device 10 in a location where it can be
used to connect to anchor strip 170, in the same location covered by protective
strip 172, after removal of protective strip 172, thereby anchoring device 10
relative to the internal abdominal structure that anchor strip 170 is fixed to. This
anchoring of the device 10 is typically accomplished after tissue ingrowth has
occurred within the tissue ingrowth surface 170i of anchor strip 170. However,
anchoring of device 10 by attaching strip 179 to strip 170 can be performed prior
to tissue ingrowth when strip 170 has been adequately secured by mechanical
and/or chemical means.

{00195] Fig. 33G illustrates removal of protective strip 172 from engagement with
anchor strip 170. Graspers 784 in this example are used to grasp tab 174 and, by
pulling/retracting graspers away from anchor strip 170, protective strip 172 is
pecled away from anchor strip 172 and removed. As noted above, this
procedure is typically carried out after sufficient time has passed to allow
ingrowth of tissue from the internal abdominal structure (in this example, the
internal surface of abdominal wall 127) into the tissue ingrowth material on
anchor strip 170. Alternatively, protective strip 172 can be removed from
anchor strip 170 in this manner immediately after fixing strip 170 to the internal
body structure, such as by mechanical and/or chemical means, or at any time
after fixing strip 170 to the internal body structure.

[00196]  Anchoring strip 179 is fixed to device 10 and anchor strip 170 is fixed to an
internal body structure, both in strategic locations that allow anchoring strip 179
to be fixed to anchor strip 170 to position device 10 in the desired location and
orientation within the abdominal cavity. Fig. 33H illustrates anchoring strip
having been fixed to a surface of expandable member 10em in a location to be
placed over and attach to the attachment feature of anchor strip 170, so as to
properly place and orient device 10 as intended. Anchoring strip 179 will
typically have about the same size and shape as protective strip 172, so as to fix
to anchor strip 170 over substantially the same area where protective strip 172
was attached, prior to removal. Thus, if protective strip 172 has the loop
portions of the hook and loop type fastening mechanism, then anchoring strip

179 will also have loop portions, but if protective strip 172 has the hook portions
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of the hook and loop type fastening mechanism, then anchoring strip 179 will
also have hook portions.

[00197] This same type of anchoring mechanism and techniques described above
with regard to Figs. 33A-33H can also be applied to anchor strips 170, protective
strips 172 and anchoring strips 179 having different shapes that those described.
For example, Fig. 331 illustrates an anchor pad 170 and protective pad 172 that
are substantially ;ircular. In this case, anchoring pad 179 would be provided
with a similar size and shape. This configuration increases the attachment area,
thereby increasing the strength of the fixation of anchor pad 170 to the internal
abdominal structure by tissue ingrowth and/or mechanical and/or chemical
fixation, and also increases the strength of the fixation of anchoring pad 179 to
anchor pad 170. Multiple tabs 174 are provided on protective pad 172 in Fig.
331 (five shown, although this number may vary). Further alternatively, anchor
pad 170, anchoring pad 179 and protective pad 172 may be formed in other
shapes and sizes, including oval, hourglass, crescent shaped, irregular, etc.

[00198]  Further alternatively or additionally, the expandable member of device 10
can be anchored to one or more internal structures by one or more conduits, rods,
tethers, or othef elongated structure designed to support a sustained tensile force
to maintain one or more surfaces of the expandable member anchored against
one or more internal structures. Further details of these fixation structures and
still other variations of fixation structures that may be employed with the devices
described herein are described in Application Serial Nos. 11/407,701,
11/716,985 and 11/716,986.

[00199] As indicated above, device 10 can be adhered to the stomach 120 without
penetrating the inner surface of the stomach.. Fig. 34 shows one embodiment in
which device 10, like device 10 shown in Fig. 3N, wherein expandable member
10em may be inflatable, mechanically expandable, or a composite of both, is
configured and dimensioned to be wrapped around the stomach, to deform a
portion of the stomach inwardly, under the area covered by protrusion 102’ to
create a narrow pathway 102w for food to travel through. The effects of this
procedure are thus similar to that provided by a sleeve gastrectomy, but without
having to surgically remove a portion of the stomach 120, or cut into the

stomach 120 or staple the stomach 120. Device 10 can be adhered to the
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stomach 120 and/or the peritoneum or diaphragm or chest wall or ribs, using a
cyanoacrylate-based adhesive or other biocompatible, surgically-approved
adhesive. The surface of the device 10 to be adhered to the stomach or other
structure can be adhered, for example, by injecting adhesive through a lumen of
a multi-lumen port, such as through a lumen in conduit 12 when conduit 12 is
provided with multiple lumens, to deliver the adhesive to the surface to be
adhered, thereby adhering it to the intended structure. Additionally, or
alternatively, device 10 can be anchored using any of the other mechanical
fixation members described herein, including cinching belts or straps, and/or
inflatable member shapes configured to perform an anchoring function.

[00200] Altemétively, device 10 can be shaped to have an anterogastric limb 10an
and a retrogastric limb 10r, each of which are inflatable and shaped to match the
curvature or follow the contours of the stomach 120. Fig. 35 illustrates a cross-
sectional view of such a device 10. Limbs 10an and 10r are interconnected by
an intermediate section 10i, all of which can be in fluid communication to
provide a single inflatable member, having the appearance of a curved hot dog
bun or taco shell. Alternatively, the intermediate section can be a structural
member that is not inflatable, but is resiliently biased, which can include spring
steel or other resiliently biased structural element(s), to maintain limbs 10an and
10r in a predetermined, juxtaposed configuration. In either case, anterogastric
limb 10an, when device 10 is positioned on the stomach, would cover a portion
of the anterior surface of the stomach 120, and retrogastric limb 10r would cover
a portion of the posterior surface of the stomach 120 in substantially a mirror
image of that of the anterogastric limb 10an. Upon expansion, limbs 10an and
10r expand to compress the anterior and posterior wall portions of the stomach
together, with the resulting effects as described in Fig. 34. The device 10 of Fig.
35 can be adhered to the stomach 120, as described with regard to the
embodiment of Fig. 33, but alternatively, the clamping action of limbs 10an and
10r can function to anchor device 10 with respect to the stomach 120 without the
use of adhesives. Further optionally, intermediate section 101 (and/or one or
both limbs) can be anchored to an internal structure other than the stomach using
any of the techniques and/or fixation structures described herein, or in
Application Serial No. 11/407,701, 11/716,985 and/or 11/716,986.
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[00201] Further optionally, one or more resiliently biased members can be
incorporated into or around the limbs and intermediate section of device 10. For
the arrangement where all sections are inflatable, such resiliently biased
members can be molded into the walls of the inflatable member. Resiliently
biased members can be biased toward a configuration wherein the limbs
10an, 10r apply compressive force to the walls of the stomach.

- [00202] It should be further noted that the geometry or shape of the expandable
member itself can function as an anchor by engaging or wedging of a portion
thereof against an internal structure in the abdominal cavity. For example,
device 10 can be anchored by wedging expandable member 10em in a location
where it is prevented from easily migrating, due to the size, shapes and locations
of the surrounding abdominal organs, In one example, expandable member

" 10em is expanded to a size large enough to nearly fill the subdiaphragmatic
space, so that it becomes wedged between the diaphragm, the stomach, the
spleen, the posterior and/or lateral and/or anterior abdominal walls and the aorta,
and the pancreato-splenié ligament.

[00203] An adjustment member 80 can be connected to the expandable member via
a conduit 12, as already described. Although an adjustment member is not
necessarily required for a mechanically expandable device, one can optionally be
provided to allow reversal of the procedure by collapsing the expanded member
using a draw wire or cable attached to the expandable frame, in any of the
manners described above, or in Application Serial No. 11/407,701. An
adjustment member is not necessarily required for an inflatable device, either,
e.g., such as in the case of the self-inflating device described above with regard
to Figs. 8A-8B or in Fig. 4. However, an adjustment member 80 will typically
be provided for convenient, repeatable accessibility to adjust the amount of
pressure or degree of expansion of the expandable member.

[00204] Fig. 36 illustrates a sectional view of device 10 having an inflatable
expandable member 10em in fluid communication with adjustment member 80
via conduit 12. Adjustment member 80 includes a port 84 through which fluid
such as liquid and/or gas can be inputted into conduit 12 for delivery to the
expandable member 10em. A valve mechanism 84v is provided to maintain the

pressure within expandable member 10em and to only selectively allow fluid to
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be inputted to or extracted from expandable member 10em. For example, valve
mechanism 84v can be any of a number of well-known mechanical valves.
Additionally, an elastomeric seal 82 (e.g., made from “self-sealing’ silicone)
may be provided to allow entry into port 84 via a needle or other appropriately
configured delivery mechanism and valve mechanism 84v.

[00205] In order to provide assistance in locating adjustment member 80 and
properly align an inflation tool with port 84, various homing mechanisms may
be incorporated, as described in detail in Application Serial No. 11/407,701.
Adjustment member 80 can be fixed in place by suturing and/or other fixation
features, as described above. Alternatively, in embodiments where conduit 12
passes through the wall of the stornach, adjustment member 80 can be fixed by
attaching it to conduit 12 so that the surface of adjustment member in contact
with the stomach wall and surface 10a of exp'andable member 10a maintain the
relative positioning of device 10 by their respective locations on opposite sides
of the stomach wall. Optionally, adjustment member 80 and surface 10a may
hold the stomach wall under slight compression when expandable member 10em
is expanded. Further details about various configurations of adjustment member
80 that may be employed with the devices described herein, as well as inflation
tools and needles that can be used to access adjustment member 80 for altering
the amount of expansion or pressure within expandable member 10em are
described in Application Serial Nos. 11/407,701, 11/716,985 and 11/716,986.

Intra-gastric Sizing

[00206] Visualization of the deformation of the stomach caused during one or more
procedures described herein can be carried out endoscopically, fluoroscopically,
ultrasonically, or using some other visualization technology (or can be viewed
directly if an open surgical procedure is performed through a large incision), as a
measure of how much to expand the one or more expandable members, and
consequently how much deformation of the stomach is to be accomplished.
Intra-gastric sizing procedures can be carried out alternatively, or in addition to
these visualization monitoring techniques to provide the surgeon with a more

well-defined, objective feedback regarding when to halt the deformation of the
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stomach caused by expansion of one or more expandable members, or a tool
used to deform the stomach prior to placing one or more expandable members.

[00207]  Figs. 37A-37C illustrate three stages of a procedure for implanting an extra-
gastric, expandable device 10 with the aid of an expandable, intra-gastric sizing
device 310. Prior to deformation of the stomach wall, which can be before or
after positioning tool 330 (such as an introducer or pusher, for example) having
expandable member 10em mounted thereon is introduced to the desired surgical
target area, intra-gastric sizing device 310 is passed trans-orally into the patient
and advanced until sizing member 310m is positioned within the cavity of the
stomach 120, see Fig. 23A. Sizing member 310m is configured to assume a
compressed or deflated conﬁguration to facilitate passing it trans-orally and
through the esophagus of the patient, and an expanded configuration, as shown
in Fig. 37A, having an enlarged cross-sectional area configured to define a
dimension of the reduced-volume intra-gastric cavity to be established by
deformation of the stomach wall. Sizing member 310m can be inflatable (such
as the example shown in Fig. 37A) or mechanically expandable, using any of the
construction configurations discussed above with regard to expandable members
10em. Sizing member 310m can be expandable to a predetermined expanded
size, or can be adjustably expandable, to vary the cross-section area of sizing
member over a range of expanded sizes.

[00208] When sizing member 310m has been properly positioned within the
stomach as desired, which can be confirmed using visualization techniques, tool
330, with expandable member 10em mounted on a distal end portion thereof, is
next pushed against the stomach wall to begin deforming the stomach wall
inwardly. Pushing can be continued until it has been visually confirmed that the
inner surface of the wall of the stomach 120 that tool 330 is pressing
against/contacts sizing member 310m. Alternatively, sizing member 310m can
include a pressure sensor that measures the pressure within sizing device 310,
particularly when sizing member 310m is inﬂatable, or one Or more strain
gauges can be mounted on the surface of expandable member 310m that is to be
contacted by the inner surface of the stomach wall, and compression of the
stomach can continue in this case until a predetermined amount of pressure or

strain has been measured. Further alternatively, sizing member 310m can be
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provided with a sensor (e.g., an ultrasonic sensor or the like) that can measure
the distance between the inner wall surface of the stomach wall and sizing
member 310m, wherein pushing by tool 330 can be halted when a predetermined
distance between the inner surface of the stomach wall and the sizing member
310m has been achieved.

[00209] Upon halting, portions of the stomach wall abutting opposite sides of tool
330 can be maintained in their current positions by joining them with sutureé 59
or other connectors to prevent these portions of the stomach from moving away
from one another. Then expandable member can be expanded to ﬁirther deform
the stomach superiorly and inferiorly, as illustrated in Fig. 37C. Once
expandable member 10em has béen expanded to the desired size, as can be
confirmed by visualization, tool 330 is removed, leaving the installed device as
illustrated in Fig. 37C. Sizing device 310 can be deflated and removed just prior
to or after removal of tool 330. Other variations of sizing devices 310 that may
be used with this and other procedures described herein are described in U.S.

Application Serial No. 11/407,701.

Radiopacity
[00210] Portions of device 10, as well as device 310 and other devices that are either
temporarily or permanently placed within the body of the patient can be
provided with radiopaque markers and/or constructed partially or in whole from
materials that are radiopaque. “Radiopaque” refers to the ability of the marker
or material to be visualized under X-ray visualization. In Fig. 38, the adjustment
member 80 is formed partially of metal and can thus be detected
radiographically. Conduit 12 can be provided with a radiopaque stripe 334
running the length thereof, bands circling the conduit in a transverse direction to
~ the longitudinal axis of the conduit and/or dots so that the conduit can be
visualized under X-ray when the conduit has been placed into the abdominal
cavity of a patient. Likewise, expandable member 10em can be provided with
radiographic dots, stripes, bands or other marker 334 to indicate the perimeter of
the member, whether inflated or not, under X-ray, when placed inside the
patient. Expandable member 310m and conduit 312 can be similarly provided

with radiopaque markers.

60



WO 2008/013814 PCT/US2007/016654

[00211] The radiopaque markers can be adhered to the surfaces of the components,
or, for polymeric components molded into the polymer of the components.
Further, radiopaque contrast agent can be delivered into the cavity of the
stomach to visualize the stomach cavity volume under X-ray. As the stomach
cavity volume is compressed by one or more expandable members 10em, the
reduction in volume of the stomach cavity is readily observed the reduction in

the area of the contrast agent visualized.

Methods

[00212] In addition to the methods already described above, this section describes
details of methods that can be employed to implant the devices described herein.
It is to be understood that the methods described herein are only examples of
methods that can be employed, as alternative techniques, placement of devices,
anchoring of devices, locations or structures to which devices are anchored, etc.
can be employed. ‘ _

[00213]  Figs. 39A-39C illustrate steps of methods of transoral delivery and
implantation of an expandable extra-gastric device according to one embodiment
(with two variations) of the present invention. At Fig. 39A, a catheter 200 is
inserted through the mouth 2 of a patient 1 and advanced down the esophagus
and into the stornach 120, as illustrated. The distal tip 202 is maneuvered into
contact with the inner lining of the stomach wall in a target location where the
procedure is to be performed. A vacuum line/lumen 204 is provided with
catheter 200 and vacuum is delivered to tip 202 to draw the inner wall against tip
202 as shown in Fig. 39A. Catheter 200 also includes a lumen through which a
needle or other cutting or piercing instrument 206 is deliverable to the distal tip
202 of the catheter. Instrument 206 is delivered to distal tip 202 and extended
distally therefrom to puncture, pierce or cut through the stomach wall, as
illustrated in Fig. 39B, while vacuum is maintained to provide a counter force to
the force applied by the cutting/piercing action.

[00214] Next, the opening through the stomach wall is dilated by inserting a dilator
208 (or a series of dilators 208 with progressively larger outside diameters)
through the opening in the stomach, as illustrated in Fig. 39C. Dilator 208 may

be inserted through catheter 200 after removal of instrument 206, or,
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alternatively, may be passed over the instrument 206 which in this case,
functions like a guide wire.

[00215] After sufficient dilatation of the opening through the stomach wall, device
10 is next introduced, in a contracted state, in through the proximal opening of
catheter 200 and delivered trans-orally into the stomach 120. Device 10 is
pushed out the distal end of catheter 200 and through the opening in the stomach
wall, to be delivered externally of the stomach wall. Suction can be maintained
during this part of the procedure to maintain the distal end of catheter 200 in
contact with the inner lining of the stomach wall around the opening that was
made through the wall. An introducer or sheath or nosecone can be used to
direct the device 10 through the opening through the stomach wall. Once
expandable member 10em has been delivered through the wall of the stomach,
expandable member 10em is then expanded, as illustrated in Fig. 39D. In this
example, expandable member is an inflatable member and is expanded by
delivery of fluid through conduit 12, which may be detachably connected to
another conduit (not shown) running the length of catheter 200 through catheter
200 and connected to a source of fluid outside of the patient. As already noted,
expandable member 10em may alternatively be a mechanically expandable
member (which may then automatically self-expand upon passing it through the
wall of the stomach, or expand after a sheath is removed, for example), or a
composite member including at least one mechanically expandable component
and at least one inflatable component. All of the above steps can be performed
under visual guidance such as by fluoroscopy, ultrasound, or endoscope, for
example. Prior to, or after expansion, expandable member 10em can optionally
be additionally anchored at one or more locations using any of the anchoring
techniques and features described above.

[00216] After expansion of expandable member 10em by the desired amount,
adjustment member 80 (in this example, which includes an inflation port 84) is
attached to the proximal end of conduit 12 as illustrated in Fig. 39E. The
inflation conduit that passes through the catheter can be used to inflate the
expandable member 10em and the adjustment member 80 can be attached
thereto without substantially losing inflation pressure in the expandable member

10em by using an electromagnet on the catheter that mates with the adjustment
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member 80 when electrical power is supplied to the electromagnet. A needle
extends from the catheter into the adjustment member 80 for adjusting the
expandable member 10em. After inflation, the electromagnet is turned off and
the catheter is removed. Adjustment member 80 functions to anchor device 10,
as well as to seal the opening through the stomach 120 on the inner layer of the
stomach.

[00217]  The expansion member 10em may be expanded only so far as to occupy a
space that the stomach would normally expand into as. it is being filled, to thus
prevent such expansion. Fig. 39F illustrates an example, where expandable
member 10em has been expanded only so far as to occupy the space that the
fﬁndus normally expands into when the stomach is being filled. Thus,
expandable member 10em, in this case, does not substantially deform the
stomach wall in its unfilled state. Additionally, in the example shown in Fig.
39F, surface 10p can optionally be anchored to the wall of the diaphragm, using
adhesives, hooks, sutures, suction members, and/or tissue }ingrowth surface
and/or any of the fixation members discussed herein or in Application Serial No.
11/407,701, 11/716,985 and/or 11/716,986. Further optionally, additional
anchoring may be provided by wedging expandable member 10em between the
diaphragm 116 and stomach 120 and possibly the spleen.

[00218] Fig. 39G illustrates a variation of the method described above. In this
instance, expandable member 10em is expanded sufficiently to deform the
stomach wall inwardly, as shown. Thus, expandable member 10 is expanded
until the desired amount of stomach deformation has been observed, prior to
removing catheter 200. Observation of the deformation may be by any of the
visualization techniques described above. Additionally, or alternatively, gastric
sizing member 310 may be employed to gauge the appropriate amount of
stomach wall defonnétion, in a manner as described above. Additionally, in the
example shown in Fig. 39G, surface 10p can optionally be anchored to the wall
of the diaphragm, using adhesives, hooks, sutures, suction members, or any of
the fixation members discussed herein or in Application Serial No. 11/407,701,
11/716,985 and/or 11/716,986. Further optionally, additional anchoring may be
provided by wedging expandable member 10em between the diaphragm 116 and
stomach 120 and possibly the spleen.
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[00219] Figs. 40A-40X illustrate steps of a method and devices for performing
implantation of an extra-gastric device by a trans-oral procedure. Fig. 40A is a
schematic, partial illustration of a patient 1 prepped and ready to receive
instrumentation/devices via the mouth 2. Fig. 40B illustrates an instrument 300
having been inserted through the mouth 2 of patient 1 and advanced down the
esophagus and into the stomach 120. Instrument 300 is a flexible, steerable,
multi-lumen endoscope configured to provide visualization of a distal end
portion of the instrument 300 from a location proximal thereof, and outside the
body, and to perform procedures discﬁssed hereafier, in some instances with
additional instruments) being passed through one or more lumens of instrument
300. One example of an instrument 200 that can be used is EsopphyX™ by
EndoGastric Solutions, Inc. Further details of this product can be found in one
or more of U.S. Patent Publication Nos. 2006/0253131, 2007/0073318,
2007/0073323, 2007/0088373, 2007/0112363 and 2007/0129738, each of which
is incorporated herein, in its entirety, by reference thereto. Alternatively, other
multi-lumen, steerable enddscopes configured to be passed through the mouth 2,
esophagus and into the stomach 120 to perform the procedures described herein
may be used. Upon entering the stomach, the distal end portion 300d is steered
to point toward a location of the internal wall of the stomach 120 through which
it is desired to pass a device 10. This will typically be somewhere in the fundus
region, although other locations may be selected to perform the procedures
described herein.

[00220] Fig. 40C illustrates piercing the stomach 120 wall by extending a piercing
tool 302 distally of the distal end of the main tube of instrument 300 to drive a
sharp distal tip of tool 302 completely through the stomach wall. Optionally, the
distal end portion 300d of instrument 300 may draw the inner surface of the
stomach wall thereagainst by engagement with suction, as illustrated in phantom
lines in Fig. 40C. The piercing tool 302 may include a central lumen 304
configured and dimensioned to permit a guidewire 502, rail, or other compact
guide structure to be passed therethrough. For example, piercing tool may have a
structure of a hollow needle.

[00221] Fig. 40D illustrates guidewire SO02 having been passed through a conduit

312 connecting to one of the lumens in instrument 300 and the lumen 304 of tool
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302. Guidewire 502 is passed through the passageway formed by the lumen so
that a distal portion thereof extends distally of the distal tip of tool 302 and thus
into the intra-abdominal cavity, as illustrated in Fig. 40D. Next, at Fig. 40E, the
piercing tool 302 is removed over the guidewire 502 leaving only instrument 300
in place with guidewire 502 extending across the stomach wall and into the
intra-abdominal cavity.

[00222] A dilator tool 306 is delivered over guidewire 502 and passed across the
stomach wall to dilate the opening through the stomach wall, as illustrated in
Fig. 40F. After dilation by a first dilating tool 306 of a first size, this tool may
be removed and a second dilating tool 306, having a relatively larger outside
diameter at a distal end working portion thereof, can be inserted in the same
manner to further dilate the opening. This procedure can be iterated with ever
increasingly larger dilators 306 until the opening through the stomach wall has
been dilated to an amount desired by the surgeon. Alternatively, use of a single
dilator 306 may be sufficient. Further alternatively, a single dilator 306 may be
used that has an expansible distal working end.

[00223]  Once the opening 1200 through the stomach wall has been sufficiently
dilated, dilation tool 306 is withdrawn over guidewire 502 and removed, and a
cannula 308 is inserted though opening 1200 in its place, as illustrated in Fig.
40G. A flexible sheath 314, which is expandable radially to both adjust to the
size of the dilated opening 1200 and to form anchors 314a at locations both
externally and internally against the stomach 120 wall, is next passed over the
guidewire/rail 502 and through cannula 308, so that a distal most anchor 314a
extends distally of the distal end of cannula 308 and expands radially, as
illustrated in Fig. 40H, so that a distal end portion of sheath 314 and distal most
anchor 314a extend through into the intra-abdominal cavity. The distal end
portion of the sheath 314 has the capability to expand once it has traversed the
stomach wall, thus allowing a very small opening to be created through the
stomach wall to permit the sheath to pass through in the non-expanded
configuration, thereby minimizing trauma to the stomach wall. Various
expandable features may be provided at the distal end portion to configure it to
be expandable, including, but not limited to: dual expandable balloons, dual

ribs, swellable (e.g., hydrophilic) rings, of the expandable arms shown, for
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example. The arms 314a deploy via differential axial movement between inner
and outer shafts. Arms 314a are formed in slots of the outer shaft and, as the
inner shaft slides within the outer shaft and proximally relative thereto, the distal
ends of the arms 314a, which are attached to the inner shaft, buckle as they are
driven toward the proximal ends of the arms 314a. Fig. 401 is an enlarged partial
sectional view of Fig. 40H showing the expansion of the distal most anchor 314a
in more detail.

[00224]  Figs. 40J-40K are enlarged views of the distal end portion of expandable
sheath 314 illustrating the expandable action thereof. As an optional feature, the
shafts of sheath 314 can themselves be expandable by being formed with a slot
and coiled as shown. Accordingly, upon insertion of a dilator, this forces the
shafts from the coiled format in Fig. 40J to the tubular, expanded configuration
shown in Fig. 40K, as the wall edges abut one another. It is further noted, that,
as another option, only a distal end portion of sheath 314 may be provided with
the expandable coil configuration, while the remainder of the sheath 314
proximal thereof is a contiguous tube. Additionally, the proximal contiguous
portion may be made to have a larger diameter than the distal expandable portion
(in its coiled, collapsed configuration, and further optionally, even larger than
the expanded, cylindrical configuration).

[00225] After expansion of the distal most anchor 314a, described above with regard
to Fig. 401, sheath 314 is retracted proximally until anchor 314a abuts against the
outer wall surface of the stomach 120. Cannula 308 is next retracted proximally
to allow a more proximally placed anchor 314a to expand against the inner wall
surface of the stomach 120 wall as illustrated in the partial, sectional view of
Fig. 40L. At this stage, sheath 314 is now fixed relative to the stomach wall, so
that it will neither move proximally or distally through opening 1200. Next,
instrument 300 (including cannula 308) is withdrawn over sheath 314 and
removed from the patient 1, leaving only sheath 314 and guidewire 502 in place
as illustrated in Fig. 40M. v

[00226] Device 10 can then be inserted through sheath 314, over guidewire 502,
from a location outside of the patient, through a proximal opening in sheath 314,
past the mouth 2 of the patient 1, through the esophagus and opening 1200 in the

stomach 120 to an extra-gastric location in the intra-abdominal cavity where it is
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desired to implant the device, as shown in Fig. 40N. In the embodiment shown,
conduit 12 is releasably connected to expandable member 10em and extends out
of the proximal end of sheath 314 for use in initially inflating expandable
member 10em, as described in more detail below. In other embodiments, such
as when a device having a self inflating expandable member is used or a device
having a mechanically self expanding member, conduit 12 may not be needed.
Further alternatively, even devices having inflatable member 10em can be
inflated without the conduit 12 shown in Fig. 40N, although this conduit 12 is
typically used for performing the initial inflation trans-orally.

[00227] At Fig. 400, device 10 is shown fully inserted into the intra-abdominal
cavity, and conduit 12 caﬁ be seen extending back through sheath 314. Next a
flexible endoscope 316 with an attachment tool 318 is inserted through sheath
314 so that a distal end of endoscope extends out of the distal end of sheath 314,
so that device 10 can be viewed from outside of the patient 1 and endoscope 316
can be manipulated to provide fine adjustments of the positioning and
orientation of device 10 if needed. For example, one or more graspers may be
inserted through sheath 314, either through endoscope 316 or adjacent thereto to
grasp portions of device 10 (such as tabs 150, for example) and move them to
reposition device 10 while visualizing the process via endoscope 316.
Endoscope 316 is inserted so that the target sites can be identified visually by the
user from a location outside of the patient, via endoscope 316. Attachment
methods and tools used may vary. Non-limiting examples of attachment
methods follow. For example, sutures can be thrown into the target locations
(e.g., on the abdominal wall) and device 10 can be delivered over them, such that
the sutures function like guidewires. Devfce 10 can then be fastened into place
at the target site with locking anchors, or by tying off the sutures. Alternatively,
the aforementioned technique may be used to first secure an anchoring platform
at the surgical target site (e.g., anchored to the abdominal wall and/or other intra-
abdominal structure other than the stomach) and device 10 can then be
secondarily attached/anchored to the anchoring platform. Alternatively, the
anchoring platform can be stapled to the one or more intra-abdominal structures
to anchor it in place. Another alternative technique includes providing deice 10

with rotationally deployable talons 59t as illustrated in the deployed
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configuration on a device 10 in the compact configuration in Fig. 40Y. Further
alternatively, talons 59t may be installed around an integrated adjustment
member 80i of device 10 according to known techniques. The rotationally
deployable talons 59t, wherever installed, provide the advantage of the capability
of deploying sharp anchoring features without ever exposing a sharp edge during
delivery to the target site.

[00228] Optionally, fluoroscopy may be used to further assist visualization. Once

| device 10 is positioned and oriented to the satisfaction of the surgeon,
attachment tool 314 can be distally advance so that a distal working end of the
attachment tool attaches portions of device 10 to one or more intra-abdominal
structures. In the example shown, helical tacks are inserted through tabs 150 and
into the diaphragm - 116 and the abdominal wall 127, depending upon the
location of each tab 150, see Fig. 40Q. More often, however, device 10 will be
attached at one or more locations of the abdominal wall 127 without attaching to
the diaphragm. Altematively or additionally, other internal abdominal structures
may be used as attachment loci for one or more tabs 150. Other attachment
features may be used alternatively, or in addition to helical tacks, including, but
not limited to: sutures, staples, adhesives, etc., or an attachment pad 170,179 as
described in more detail below.

[00229] After anchoring device 10 at all locations desired, visualization of the
anchored device can optionally be performed as a review to help satisfy the
surgeon whether or not the device 10 has been placed as intended. Once it has
been decided that device 10 has been properly placed, oriented and anchored, all
tools remaining in sheath 314 (which may include attachment tool 318,
endoscope 316 and/or graspers or other tools) are withdrawn and removed from
sheath 314 and the patient 1, to prepare for initial inflation of expandable
member 10em. Fig. 40R shows the arrangement when the device 10 is ready to
be inflated. Next, a source of pressurized fluid, such as inflation device 320 is
attached to the connector 12c at the proximal end of conduit 12 and pressurized
fluid is inputted through conduit 12 into expandable member 10em to inflate it,
as shown in Fig. 40S. The inflation device may deliver pressurized gas,

pressurized liquid, or a combination of pressurized gas and liquid. Further
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alternatively gas and liquid may be sequentially inputted by separate sources of
pressurized gas and pressurized liquid, respectively.

[00230] Once expandable member 10em has been inflated to the extent desired,
conduit 12 is pulled free of engagement with integrated adjustment member 8011
and removed from sheath 314 and the patient 1, as illustrated in Fig. 40T. The
distal end of conduit 12 may be provided with an insertion needle 12n that is
inserted through the valve in integrated adjustment member 80il so that conduit
12 and expandable member 10em are connected when initially delivered into the
abdominal cavity, as was noted above. This connection is releasable and may be
provided by a simple friction fit. Optionally, additional connector features may
be provided, such as detent 12d, for éxample, or other mechanical, releasable
fixation structures. Adjustment member 80il may be configured like any of the
adjustment members described herein or in Application Serial No. 11/716,986;
11/716,985; 11/407,701; 60/833,284 and/or 60/877,595.

[00231] Next, at least distal anchor 314a (and preferably both anchors 314a) are
collapsed to more closely conform to the outer wall of sheath 314, thereby
allowing the distal end portion of sheath 314 to be retracted back within the
stomach 120, as illustrated in Fig. 40U. A ciosure tool 322, such as an
endostitcher for example is next inserted through sheath 314 to be used to close
the opening 1200 in the stomach. For example, 22b or other grasping structure
may be extended through opening 1200 and then retracted to invaginate the wall
portions _surrounding the opening 120, after which the invaginated portions of
the stomach wall are clipped 324, sutured or stapled closed, as illustrated in Fig.
40V. Alternative closure tools may be used, such as StomaphyX™ by
Endogastric Solutions, as one non-limiting example, or alternative tools such as
those available from Perclose, as another non-limiting example.

[00232] After closure of the opening 1200, the closure tool 322 is withdrawn from
the patient and the sheath 314 is withdrawn from the patient to complete the
procedure. Fig. 40W illustrates the device 10 implanted in the patient 1, after
completion of the procedure. It is noted that no attachment to the stomach is
required, nor do any openings through the stomach remain after completion of
the procedure, and that the closed portion that had the opening therethrough will
typically completely heal shut shortly thereafter.
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[00233] If adjustment of the amount of inflation of expandable member is needed
after completion of the procedure (such as during a return, checkup visit, for
example) a source of pressurized fluid 320 having a sharpened distal tip can be
inserted through the skin, subcutaneous fat and abdominal wall to engage the
adjustment member 80i2, at which time, fluid can be added or removed from the
expandable member 10em, as illustrated in Fig. 40X.

[00234] Figs. 41A — 41L illustrate alternative method steps and devices for
performing implantation of an extra-gastric device 10 by a trans-oral procedure.
Fig. 41A illustrates a distal end portion of a flexible sheath or endogastric tubing
402. Tubing 402 is configured and dimensioned to be inserted through the
mouth 2 of a patient 1, through the esophagué and into the stomach 120 and has
sufficient length so that a proximal portion thereof extends proximally out of the
mouth 2 even when the distal end of tubing 402 abuts against the inner surface
of the stomach wall. A working channel 404 is provided as a lumen extending
through tubing 402 and is dimensioned to receive various tools therethrough as
will be described below. One or more suction lumens 406 are provided
peripherally of working channel 404 and extend through tubing 402 for
connection with a suction source proximally of tubing 402. Suction lumen(s)
406 extend and open to the distal end of tubing 402. As shown, five suction
lumens 406 peripherally surround the working channel 404. However, more or
fewer suction lumens 406 may be employed. In one non-limiting example,
tubing 402 has an outside diameter of about 10mm to about 12mm and working
channel 404 has a diameter of about Smm.

[00235] A flexible endoscope 316 is also shown extending distally of the distal end
of tubing 402. Endoscope 316 is provided with a clear, trocar-type tip 316t that
is configured to pierce through the wall of the stomach 120, while, at the same
time, providing visualization of the procedure. Fig. 41B is an enlarged view of
the distal end portion of endoscope 316, also showing endoscope tip 316t. In the
example shown, endoscope 316 has an outside diameter of about 3mm, although
endoscopes of other sizes could be used.

[00236] After inserting tubing 402 and endoscope 316 through the mouth 2,
esophagus and into the stomach 120 (tubing 402 may be inserted first with
endoscope 316 being inserted through tubing 402 after tubing 402 has already
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been placed, or, alternatively, endoscope 316 can be pre-positioned in tubing
402, but with the distal trocar tip of endoscope 316 being positioned proximally
of the distal end of tubing 402 so as not to protrude fherefrom, and then the
components are inserted together) and orienting and positioning the distal end of
tubing 402 so that it abuts against the stomach 120 wall in a location through
which it is desired to deliver the implant device 10 (endoscope 316 may
optionally be used to steer the distal end of tubing 402 to the desired contact
location on the stomach 120, or, alternatively, tubing 402 may be provide with a
stylet or self-steering mechanism like those provided with steerable endoscopes),
suction is applied through the suction lumens 406 to attach the distal end of
tubing 402 to the inner surface of the stomach waH. This suction attachment
provides leverage for the next step of extending the distal end portion of
endoscope 316 distally of the distal end of tubing 402, whereby endoscope tip
316t pierces through the wall of the stomach as illustrated in Fig. 41C. As the
suction force of the suction lumens 406 on the stomach wall is in a direction
opposite to the piercing force of the endoscope tip 316t, this helps to counteract
the piercing force to facilitate formation of the opening 1200 through the
stomach 120. -

[00237] While maintaining the suction attachment, endoscope tip 316t is retracted
back into the stomach 120 and endoscope 316 is then removed from tubing 402
and the patient 1, all the while maintaining the suction attachment of the distal
end of tubing 402 to the inner surface of the stomach 120 wall. Next, a
floppy/soft tip guide‘wire 502 is inserted into working channel 5, and through the
opening 1200 in the stomach, as shown in Fig. 41C, so that a distal end portion
is inserted into the intra-abdominal cavity and a proximal end portion of
guidewire 502 extends proximally out of the proximal end of tubing 402 and out
of the patient 1.

[00238]  Afier placement of the guidewire 502 as described, the suction through
suction lumens 406 is discontinued, and tubing 402 is withdrawn out of the
patient While maintaining guidewire 502 substantially in its placed position. An
anchor pad deployment assembly 410 is next delivered over the guidewire 502,
through the mouth 2 of the patient, through the esophagus and into the stomach
120.
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[00239] Anchor pad deployment assembly 410 is illustrated in Fig. 41E as being
passed over guidewire 502. Attachment pad deployment assembly includes a
flexible outer sheath 412 into which is inserted anchor pad or strip 170 and
protective pad or strip 172 joined together in a manner as described above and
provided in a compact configuration. A soft nose cone 414 is provided at a
distal end of assembly 410 and may be incorporated into the attachment pad or
strip design. Fig. 41F illustrates an anchor pad 170 and protective pad 172
assembly that has been arranged in a compact configuration by rolling up the
assembly. Alternatively, a compact assembly may be provided solely by an
anchor pad 170 (e.g., rolled up) or anchor strip 170 without a protective pad or
strip 172. As noted above, anchors pad or strip 170 may be provided with one or
more tabs 174, and in the case of an anchor strip 170, one of these pads may be
formed as a nose cone 173 when protective strip 172 is not used. Fig. 41G
illustrates an anchor strip 170 and protective strip 172 assembly in which one of
the tabs 174 has been configured as the nosecone 173. Referring back to Fig.
41E, a flexible endoscope (gastroscope) 316 having working channels 416 and
an endoscope viewing lumen/endoscope tip 418 is provided and is passed over
guidewire 502 v(through one of working channels 416) and into flexible sheath
412, proximally of anchor pad/strip 170 and protective pad/strip 172 assembly.
In one non-limiting example, the outside diameter of gastroscope 316 is about
10mm to about 12mm.

[00240] As the anchor pad assembly 410 is passed over the guidewire 502 and enters
the stomach 120, nose cone 173 functions as a dilator as it passes through the
opening 1200 in the stomach 120, as illustrated in Fig. 41H. By pushing on the
gastroscope 316, the distal end of the gastroscope 316 abuts against the proximal
end of the compact assembly 170,172, thereby driving the soft nose cone 173
through and dilating opening 120o. In this example, the rolled up attachment
pad 170 and protective pad 172 forms the nose cone 173 that functions to guide
the assembly into and through the opening 1200 as well as to dilate the opening
1200 as it passes therethrough. Once the entire assembly 170,172 has been
pushed through the opening 1200 and into the abdominal cavity, at which point
the distal tip of the gastroscope 316 will have also passed through the opening

1200 across the wall of the stomach 120 and into the abdominal cavity, the
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flexible outer sheath 412 is retracted while maintaining the position of the
gastroscope 316. Thus, when flexible outer sheath 412 has been removed from
assembly 170,172, the anchor pad 170 and protective pad 172 deploy by
unrolling to a non-compact, unrolled configuration. The beginning of this
deployment is depicted in Fig. 411.

{00241]  Using the working channels 416, tools are next inserted therethrough to
position and orient the anchor pad assembly 170,172 against the internal
abdominal structure(s) to which it is to be anchored, in this example, the inner
surface of the anterior abdominal wall 127. Guidewire 502 may be removed to
provide an additional working channel to insert a tool through, if needed, or may
be left in place, if sufficient working channels already exist fof enough tools to
perform the task. If removed, guidewire 502 can later be reinserted or
“exchanged”. Fig. 41J shows a pair of graspérs 784 having been inserted
through working channels 416 and used to grasp tabs 174 and manipulated to
position anchor pad 170 against the abdominal wall for anchoring thereto.
Anchoring can be accomplished using helical tacks, or any of the other
anchoring features described above with regard to Fig. 40Q, for example, with
further supporting description being found in regard to Figs. 33D-33F above.

[00242]  After completion of anchoring of the anchor pad 170, any existing tools in
working channels 416 can be removed and guidewire 502 is reinserted through
one of the working channels 416 so as to extend a distal end portion of
guidewire 502 into the abdominal cavity in preparation for delivery and
implantation of device 10. Device 10 can be rolled up into a compact
configuration and delivered in an assembly like that described above for delivery
of the anchor pad/strip 170. Once device 10 has been inserted into the intra-
abdominal cavity and deployed, one or more graspers can be inserted through
one or more working channels 416 (guidewire 502 may be removed when two
graspers are to be used. If a protective pad or strip 172 is attached to the anchor
pad or strip having been previously anchored to an internal abdominal structure,
then graspers 784 can be manipulated to grasp one or more tabs 174 attached to
the protective pad/strip 172 and apply retraction force to peel the protective
pad/strip.172 from contact to the anchor pad/strip. The protective pad or strip

172 can be removed from the patient 1 when the deployment assembly is
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removed, by maintaining it in the grasp of the graspers 784. Graspers 784 can
further be used to properly position and orient device 10 so that anchoring
pad/strip 179 contacts and anchors to anchor pad/strip 170.

[00243] At this time, gastroscope 316 and associated tools (as well as protective
pad/strip 172, if present) can be removed through the opening 1200 through the
stomach wall and out of the patient 1. The opening 1200 can then be closed by
any of the techniques described above with regard to the Fig. 40 series. If device
10 is provided with an inflation conduit 12, as illustrated in Fig. 41K, it can be
hooked and pulled out through the anterior abdominal wall 127 by percutaneous
insertion of a hooked-needle type tool. An adjustment member 80 can then be
fixed to the external surface/fascia external of the abdominal wall and used as a
subcutaneous port to inflated expandable member 10em.

[00244] If device 10 is not provided with a conduit 12, but rather an integrated
adjustment member 80i, as illustrated in Fig. 41L, then adjustment member 80i
can be placed underlying or adjacent to anchoring pad/strip 179 and adjustment
member can be accessed in the same manner described above with regard to Fig.
40X. Optionally, one or more magnets may be embedded into adjustment
member 80i to facilitate locating the adjustment member from a location outside

~ of the skin 125.

[00245] Figs. 42A-42C illustrate steps of a method of implanting an intra gastric
device 10 according to the present invention. It is commonly believed that when
the stomach stretches due to filling of the stomach with food, the nerves in the
stomach wall send a signal to the brain to tell the brain that the stomach is full
and the brain lets the person know that he/she is full, by signaling a feeling of
satiety, or fullness. In this approach, an expandable device is implanted in the
cavity of the stomach and expanded to stretch the walls of the stomach to initiate
the signals described. At Fig. 42A, a catheter 200 is inserted through the mouth
2 of a patient 1 and advanced down the esophagus and into the stomach, as
illustrated. Once distal tip 202 has been positioned in the stomach cavity as
desired, expandable member 10em, held in a compressed configuration, such as
by a sheath 212, for example, as illustrated in Figs. 42A-42B, is advanced
through and out of the catheter 200. Alternatively, device 10/expandable

member 10em can be passed over catheter 200 or a guide wire used in place of
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catheter 200 but installed similarly. Once device 10 has been delivered distally
of the end of catheter 200 (or delivered by guide wire, as noted), sheath 212 is
withdrawn, allowing expandable member 10em to expand as shown in Fig. 42C.
Expandable member 10em in this example is a mechanically self-expanding
member of a type as described above with regard to Fig. 10, for example.
Alternatively, expandable member 10em may be an inflatable or composite
member, as long as it is configured similarly, to provide a large opening passing
therethrough. Thus, expandable member 10em is configured and dimensioned to
stretch the stomach 120 to imitate a fully filled stomach, even when the contents
of the stomach are empty. By stretching the walls of the stomach 120, the
nerves in the stomach wall send a signal to the brain that the stomach is full, as
noted above. |

[00246] The forces exerted against the inner lining of the wall of the stomach 120
are sufficient to anchor device 10 and prevent it from migrating. Additionally,
the outside diameters of the ends of expandable member 10em are significantly
larger than the inside diameters of the esophagus and small intestine, and this
acts as a mechanical anchor as device 10 is physically prevented from migrating
either superiorly or inferiorly. Device 10 can be implanted permanently or
indefinitely. Alternatively, device 10 may be placed as a temporary implant and
removed trans orally after a predetermined amount of time, by compressing the
expandable member and retrieving it. Thus, advantages of this technique
include the fact that the procedure is minimally invasive, as no incisions are
required at all to perform it. Also, since the device 10 is large in the expanded
configuration, no additional anchoring or fixation structures are required, further
simplifying the procedure and minimizing the invasiveness, since no suturing is
required. The deployment is easy to perform and there is no risk of obstruction,
since the lumen in the stomach cavity is actually increased by stretching the
stomach walls. Also, the procedure is reversible, as noted. .

[00247]  Further, device 10 may be configured to intermittently contract and expand
against the stomach wall. Such configuration may be accomplished with an
inflatable device by providing a pump and valve arrangement that can be
controlled to release pressure within the expandable device 10em and re-inflate

device 10em at the intended times. Control can be automatic, or may be
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manually controlled by the patient. For example, a button or switch can be
subcutaneously implanted which is electrically or mechanically connected to the
inflation control mechanism, so that the patient can choose when to expand the
device. For example, the patient may choose to expand the device upon
commencement of eating, thereby signaling the brain that the stomach is full, so
that the patient will eat much smaller portions during meal times. The device
may be left expanded for some time after eating, say a half hour to an hour for
example, and then contracted again, using the manual switch. A mechanically
expanding expandable member 10em, may be similarly controlled, by providing
a motor and mechanism to contract the device when desired, and to release
contraction forces, allowing the device to self expand when desired.

[00248] Figs. 43A-43B illustrate steps of a method of decreasing the internal volume
in the stomach cavity to function obstructively, restrictively, or both. The wall
of the stomach 120 includes multiple layers, including the mucosa 120mu,
muscularis 120ms and serosa 120s, as illustrated in Fig. 43A. This method
separates two adjacent layers (e.g., serosa 120s and muscularis 120ms) at one or
more locations to form pockets into which e*pandable devices 10 are implanted
to reduce the volume of the stomach ca\}ity inside the stomach 120. Implant 10
may be placed in a location to form an obstructive implant, as in the lowermost
implant 10 shown in Fig. 43B. Alternatively, or additionally, implants 10 may
be placed to perform a restrictive function, as in the pair of devices 10 implanted
toward the top of the stomach, as illustrated in Fig. 43B. Alternatively, more
than a pair of implants may be placed so as to substantially circumscribe the
restriction that is formed by such placement.

[00249] Devices 10 may be inflatable, mechanically expandable, or a composite of
these. Further alternatively, device 10 may be a rigid device configured and
dimensioned in a shape to effect the desired amount of reduction of volume in
the stomach cavity, upon implantation as described. Device 10 may also be of a
non-compressible but flexible construction. For example, device 10 may contain
a gel or other non-compressible fluid. Anchoring may be performed by suturing
or otherwise closing the pocket after insertion of device 10, typically, prior to
expanding expandable member, although closure may be made after such

expansion. When an inflatable device 10 is used, conduit 12 (not shown) may be
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extended into the internal cavity of the stomach and an adjustment member may
be placed, as described above with regard to the. methods of Figs. 39A-39G.
Alternatively, conduit 12 may be passed externally of the stomach, and extended
to an adjustment member 80 positioned outside of the abdominal muscles, for
example. Further alternatively, expandable member may not have any conduit
12 left in place.

[00250] Figs. 44A-44D illustrate steps of a method of forming an obstructive
reduction in the volume of the cavity within the stomach by a trans-oral
procedure. At Fig. 44A, a catheter 200 is inserted through the mouth 2 of a
patient 1 and advanced down the esophagus and into the stomach, as illustrated.
The distal tip 202 is maneuvered into contact with the inner lining of the
stomach wall in a target location where the procedure is to be performed. The
inner surface of the stomach may be grasped by suction. Altematively, or
additionally, a fixation tool 59, such as a cork screw tip, hook or other grasping
implement may be fixed into the wall of the stomach to attach thereto.
Alternatively, graspers may be delivered out of the distal tip 202 and used to
grasp the wall of the stomach. In any of these alternatives, the stomach wall
need not be completed penetrated. Further alternatively, an instrument may be
used to pierce through the wall of the stomach to install a t-bar or other
anchoring implement (or an expandable member 10em, which can be removed at

the completion of the procedure) by which the wall of the stomach may be
pulled inwardly by withdrawing the implement and catheter 200. A ring 214 is
positioned over the distal end portion of catheter 200 and may be held in position
by a shaft, wire of other controlling mechanism passing cither internally of
catheter 200 or along the outside thereof.

[00251] Once attachment to the wall of the stomach has been accomplished, the
stomach wall is pulled inwardly by retracting catheter 200 while maintaining
ring 214 in place, as illustrated in Fig. 44C. This causes the stomach wall to fold
inward on itself, as it is drawn through ring 214. When the stomach wall has
been sufficiently deformed as illustrated in Fig. 44C, as can be confirmed using
any of the visualization techniques described earlier, and/or using gastric sizing
member 310, ring 214 is manipulated to anchor the walls of the stomach in the

deformed orientation shown in Fig. 44D, and catheter 200 is disconnected from
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the wall of the stomach and removed. Ring 214 may be inflatable to expand and
exert compression forces against the walls of the stomach where it contacts
them. Alternatively, ring 214 may be cinched down to mechanically exert the
anchoring forces, such as in the form of a noose or snare, for example. Further
alternatively, the walls may be further anchored by suturing them together (or
stapling or other mechanical fixation) from either inside the stomach or outside
the stomach 120.

[00252]  The resulting deformation shown Fig. 44D functions obstructively to reduce
the volume of the cavity of the stomach and restrictively, by reducing the afea of
the lumen at this location. This method not only decreases the stomach volume,
but fills up the decreased space with nati?e stomach tissue, without the need to
place an implant to take up the space for reducing cavity volume. This
procedure may be performed multiple times. For example, two or more such
deformations may be performed to operate together in making a restriction.

[00253]  As an alternative to the method described with regard to Figs. 44A-44D
above, ring 214 can be omitted, as the pulling on the stomach wall by catheter
200 connected thereto will cause the deformation and inward folding of the
stomach wall upon itself, without the need for the ring 214. Suturing or other
anchoring can then be performed as described above, either from a location
internal of the stomach, a location external of the stomach, or both, to maintain
the folds of the stomach wall in the deformed conformation.

[00254] While the present invention has been described with reference to the
specific embodiments thereof, it should be understood by those skilled in the art
that various changes may be made and equivalents may be substituted without
departing from the true spirit and scope of the invention. In addition, many
modifications may be made to adapt a particular situation, material, composition
of matter, process, process step or steps, to the objective, spirit and scope of the
present invention. All such modifications are intended to be within the scope of

the claims appended hereto.
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CLAIMS
That which is claimed is:

1. A device for treatment of obesity, comprising:

a first expandable member formed of a compliant material and configured to be
elastically expandable and dimensioned to be positioned adjacent and external of a
porﬁon of a stomach of a patient; and

a second expandable member formed of a noncompliant or semi-compliant

material and configured to be expanded to a relatively fixed, predetermined volume.
2. The device of claim 1, wherein both expandable members are inflatable.

3. The device of claim 1, wherein said second expandable member comprises a

mechanically expandable member.

4. The device of claim 1, wherein at least one of said expandable members
comprises an integrated adjustment member, said adjustment member being configured
to connect with a source of pressurized fluid for inflation of the expandable member that

said adjustment member is integrated into.

5 The device of claim 1, wherein said first expandable member contains liquid

or liquid and gas and said second expandable member contains gas.

6. The device of claim 5, wherein said second expandable member is reinforced

with a mechanically expandable structure.

7. The device of claim 1, further comprising an adjustment member having a
port that is accessible by an instrument to effect expansion or contraction of at least one
of said expandable member; and

a conduit connecting said adjustment member with said at least one of said

expandable members.
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8. The device of claim 7, wherein said conduit comprises a dual comprises a
dual lumen conduit, a first lumen of said dual lumen conduit being in fluid
communication with said first expandable member and a second lumen of said dual

lumen conduit being in fluid communication with said second expandable member.

9. The device of claim 8, wherein said adjustment member comprises a first port
in fluid communication with said first lumen and a second port in fluid communication

with said second lumen.

10. The device of claim 9, comprising two of said conduits and two of said
adjustment members, a first of said conduits and a first of said adjustment members
being in fluid communication with said first expandable member, and a second of said
conduits and a second of said adjustment members being in fluid communication with

said second expandable member.

11. A device for treatment of obesity, comprising:

an expandable main body member configured and dimensioned to be positioned
adjacent and external of a portion of a stomach of a patient;

an anchor strip or pad configured to be attached to an internal body structure
other than the stomach of a patient; and

an anchoring strip or pad fixed to said main body member and configured to

attach to said anchor strip or pad.

12. The device of claim 11, wherein said expandable main body member is

inflatable.

13. The device of claim 12, further comprising an adjustment member having a

port that is accessible by an instrument to effect inflation or deflation of said main body.

14. The device of claim 13, wherein said adjustment member is integrated into a

wall of said expandable main body member.

15. The device of claim 13, further comprising a conduit interconnecting said
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expandable main body member and said adjustment member to place said members in

fluid connection.

16. A flexible, expandable sheath for trans-oral delivery of a device into an
abdominal cavity of a patient; said sheath comprising;:

an elongated, flexible tube having a length sufficient to be inserted through the
mouth of a patient, through the esophagus of the patient, into the stomach of the patient
and through an opening formed through the wall of the stomach such that a distal end
portion of the tube extends out of the stomach an into the abdominal cavity, and a
proximal end portion at the same time extends proximally out of the mouth of the
patient; and

at least one radially extensible anchor on a distal end portion of said tube.

17. The sheath of claim 16 comprising a pair of radially extensible anchors, a
more distal of said pair of anchors configured to abut against the outer surface of the
stomach wall and a more proximal of the pair of anchors configured to abut against the
inner wall of the stomach, such that said anchors fix a distal end portion of said sheath

relative to the stomach wall.

18. A system for intra-gastric delivery of a device into the stomach of a patient,
through the stomach wall of the patient, and implantation of the device extra-gastrically,
said system comprising: A

a flexible elongated instrument having a distal end portion including a distal end
and a proximal end portion including a proximal end, said instrument configured to be
inserted through the mouth of the patient, the esophagus and into the stomach, said
instrument having sufficient length such that when said distal end is passed through a
wall of the stomach and positioned externally of the stomach wall in the abdominal
cavity, the proximal end extends proximally out of the mount of the patient;

a device configured for extra-gastric implantation in the abdominal cavity, said
device, in a compact configuration being dimensioned to be passed along said elongated
instrument through the mouth of the patient, esophagus and stomach and through an
opening in the stomach wall that the distal end portion of the instrument extends

through, and said device being expandable extra-gastrically to an expanded
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configuration that displaces a volume greater than a volume displaced by said device in
said compact configuration; and
an anchor configured to fix said device to an intra-abdominal structure other than

the stomach.

19. The system of claim 18, further comprising an endoscopic instrument
having a distal end portion including a distal end and a proximal end portion including a
proximal end, said endoscopic instrument configured to be inserted through the mouth
of the patient, the esophagus and into the stomach, said endoscopic instrument having
sufficient length such that when said distal end is contacted to an inner surface of the
wall of the stomach, the proximal end of the endoscopic instrument extends proximally

out of the mount of the patient.

20. The system of claim 19, further comprising a piercing tool configured to be
delivered through a lumen of said endoscopic instrument and driven through a wall of

the stomach.

21. The system of claim 19, further comprising a guidewire having sufficient
length to extend simultaneously both proximally and distally of the proximal and distal
ends of said endoscopic instrument when inserted through a lumen of said endoscopic

instrument.

22. The system of claim 21, further comprising a dilator tool configured to be

passed over said guidewire and through the opening in the stomach to dilate it.
23. The system of claim 18, further comprising an anchor on a distal end portion
of said flexible elongated instrument, said anchor being actuatable to fix a distal end

portion of said flexible elongated instrument to the wall of the stomach.

24. The system of claim 18, wherein said device, in said compact configuration

is deliverable through said flexible elongated instrument.

25. The system of claim 24, further comprising a guidewire inserted through

82



WO 2008/013814 PCT/US2007/016654

said flexible elongated instrument, wherein said device, in said compact configuration is
deliverable over said guidewire through said flexible elongated instrument and into the

intra-abdominal cavity, external of the stomach.

26. The system of claim 18, wherein said anchor comprises an anchor pad or
strip fixable to the intra-abdominal structure and an anchoring pad or strip fixed to said

device, said anchoring pad or strip being anchorable to said anchor pad or strip.
27. The system of claim 18, wherein said anchor comprises a suture or wire.

28. The system of claim 18, wherein said device comprises a suture receiving

structure on a surface thereof.
29. The system of claim 18, wherein said anchor comprises an adhesive.

30. The system of claim 18, wherein said device comprises an expandable main
body member configured and dimensioned to be positioned adjacent and external of a
portion of the stomach of the patient; and

an adjustment member having a port that is accessible by an instrument to effect

expansion or contraction of said main body.

31. The system of claim 30, further comprising a conduit connecting said main

body with said adjustment member.

32. The system of claim 30, wherein said adjustment member is integrated into

a wall of said expandable member.

33. The system of claim 31, further comprising an additional adjustment

member integrated into a wall of said expandable member.

34. The system of claim 18, wherein said anchor comprises an attachment tab or

flange extending from said device.
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35. The system of claim 18, wherein said device comprises an inflatable body

member.

36. The system of claim 18, wherein said device comprises at least two

independently expandable chambers.

37. The system of claim 18, wherein said device comprises an internal

expandable chamber surrounded by an external expandable chamber.

38. The system of claim 36, wherein one of said expandable chambers is
configured to be inflated with a gas and is supported, in a inflated configuration by a

mechanical structure.

39. The system of claim 38, wherein a second of said expandable chambers is

* configured to be inflated with a liquid or a liquid and a gas.

40. The system of claim 36, wherein at least one of said expandable members

has an adjustment member integrated into a wall thereof.

41. The system of claim 18, wherein said device comprises a plurality of

expandable chambers in a grape bunch-like configuration.

42. The system of claim 41, wherein each said expandable chamber comprises a
valve, so that failure of one expandable chamber does not cause failure of remaining

expandable chambers in the grape bunch-like configuration.

43. The system of claim 18, wherein said expandable body member, when

inflated to an expanded configuration, is non-spherical. .

44. The system of claim 18, wherein said device comprises an inflatable body
member having a length dimension and a width dimension, said length dimension being
greater than said width dimension when said inflatable body member is in a deflated

state.
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45. The system of claim 18, wherein said device comprises an inflatable

member that expands asymmetrically when inflated.

46. The system of claim 18, wherein said device comprises an inflatable
member made of two different materials at two different portions thereof, wherein a first

of said materials is more compliant than a second of said materials.

47. The system of claim 18, wherein said device comprises and inflatable body
member and a substantially non-expanding backing member on one surface of said
inflatable body member, wherein, upon inflation of said inflatable body member, said
inflatable body member expands predominantly in a direction away from said backing

member.

48. The system of claim 18, wherein said device comprise an inflatable body
member, wherein said inflatable body member comprises two different materials at two
different portions thereof, wherein a first of said materials is more compliant than a
second of said materials, and wherein a surface of said inflatable body member adapted
to expand toward the stomach when said inflatable body member is positioned as
intended comprises said first material, while a surface opposite said surface adapted to
expand toward the stomach comprises said second material, wherein, upon inflation of
said inflatable body member, said inflatable body member expands predominantly in a

direction away from said surface comprising said second material.

49. The system of claim 18, wherein said device comprises an inflatable member
having a compliant portion and a noncompliant portion, wherein said noncompliant
portion has a predetermined expansion size, but said compliant portion is elastically

expandable to adjustably vary an inflated expansion size thereof.
50. The system of claim 49, wherein said noncompliant portion extends over an

anterior portion of said inflatable member and is configured to encourage tissue

ingrowth from the abdominal wall when implanted in the patient.
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51. The system of claim 18, wherein said device is rollable into a cylinder when

in the compact configuration.

52. The system of claim 18, wherein said device comprises an inflatable member
and a non-inflatable frame structure configured to assist maintenance of compressive
forces against the stomach by said inflatable member when said inflatable member is

inflated.

53. The system of claim 18, wherein said device comprises an inflatable body
member having a reinforcing structure molded into an expandable wall of said inflatable

body member.

54. The system of claim 18, wherein said device comprises a mechanically

expandable body member.

55. The system of claim 54, comprising at least one inflatable member

connected to said mechanically expandable body member.

56. The system of claim 54, wherein said mechanically expandable body

member is encapsulated by an inflatable portion.

57. The system of claim 18, wherein said anchor comprises a hook extending

from a surface of said device.

58. The system of claim 18, wherein said anchor comprises a roughened or
microporous portion of a surface of a main body member of said device configured to

promote tissue ingrowth.

59. The system of claim 18, wherein said anchor comprises a pair of magnets,
one of said pair configured to be attached to a surface of, embedded in, or placed on an
opposite side of the intra-abdominal structure, and the other of said pair attached to a

surface of or embedded in said device.
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60. The system of claim 18, wherein said device comprises an inflatable member
having an outer layer made of a first material, and an inner layer made of a second

material having lower porosity than a porosity of said first material.

61. The system of claim 23, wherein said anchor of said flexible elongated
instrument comprises at least one radially extensible anchor on a distal end portion of

said instrument.

62. The system of claim 61, comprising a pair of said radially extensible
anchors, a more distal of said pair of anchors configured to abut against the outer
surface of the stomach wall and a more proximal of the pair of anchors configured to
abut against the inner wall of the stomach, such that said anchors fix a distal end portion

of said flexible elongated member to the stomach wall.
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