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7 ABSTRACT

Implantable devices, instruments, kits and methods for treat-
ment of obesity. One or more devices can be implanted adja-
cent to or in contact with the stomach to occupy a space to
prevent the stomach from expanding into that space as food is
taken into the stomach. Alternatively, one or more devices
may be implanted and expanded to displace at least a portion
of the wall of the stomach to decrease the internal volume of
the stomach that is available to receive food. Devices may be
anchored to one or more internal structures at one or more
locations without piercing through the wall of the stomach.
Devices can be implanted using minimally invasive methods,
such as percutaneous or laparoscopic methods. Delivery
instruments are also provided. An intra-gastric sizing device
is provided to facilitate implantation of an extra-gastric
device in some method embodiments.
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DEVICES AND METHODS FOR TREATMENT
OF OBESITY

FIELD OF THE INVENTION

[0001] Thepresentinvention relates to treatment of obesity,
more particularly to implantable devices and methods of
implanting the devices in the abdominal cavity 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 (BMT) 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.

[0003] Co-morbidities that are associated with obesity
include, but are not limited to type II Diabetes, high blood
pressure, sleep apnea, stroke 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 limited. Current treatment methodologies
typically rely upon surgically introducing a “malabsorptive”
environment in the gastro-intestinal tract, a restrictive envi-
ronment, 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 mor-
bidity 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 pro-
cedure that has a high degree of morbidity associated with it
is known as the “Gastric Bypass Roux-en-Y” procedure. This
procedure reduces the capacity 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 20 cc) 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 con-
nected 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 intes-
tine which may lead to nausea, weakness, sweating, faintness,
and diarrhea; hernias resulting from the surgery; gallstones;
leakage of the connection between the pouch and the intes-
tine; stretching of the pouch that was formed; nutritional
deficiencies; and possible dehiscence of the staples.

[0006] The LAPBAND™ is a band that, when placed,
encircles the fundus-cardia junction and is inflatable to con-
strict the same. It does not reduce the volume of the stomach,
but rather restrict passage of food into the stomach, the theory
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being that the patient will feel satiety with a much less volume
of food than previously. Although the LAPBAND™ proce-
dure 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 dis-
section. 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. Addi-
tionally, complications such as erosion at the fundus-cardia
junction, slippage of the band from it’s intended location,
nausea/vomiting, gastroesophageal reflux, dysphagia and
lack of effectiveness in causing weight loss have been
reported.

[0007] Intragastric 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 food than previously,
to give the patient a sensation of fullness or satiety. This
procedure involves delivery of a balloon (typically, transor-
ally) to the interior of the stomach and inflation of the balloon
to take up a portion of the volume inside the stomach. How-
ever, intragastric 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 intes-
tines 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, bid reducing the available
volume to the tubular structure of the graft running there-
through. Although weight loss nay be effective while these
types of devices are properly functioning, there are compli-
cations 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
mats take on the shape of a banana. This procedure is associ-
ated with a high degree of morbidity, as a large portion of the
stomachis 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
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additional intestinal bypass that needs to be performed. Still
further, complications associated with malabsorption may
also present themselves.

[0011] An inflatable gastric device is disclosed in U.S. Pat.
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 bal-
loon is simply placed into this location, and there is no assur-
ance 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 design, and, as such,
extends pressure outwardly in all directions. 360 degrees in
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
than other parts of the stomach.

[0012] Brazzini et al. in WO2005/18417 discloses at least
two or more expandable devices used to treat obesity, in
which the devices are inserted through the abdominal wall
and anchored against the external surface of the stomach wall
by an anchoring mechanism that extends through the stomach
wall and fixes to the internal surface of the stomach wall.
[0013] U.S. Patent Publication No. 2005/0261712 to Bal-
bierz 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 LAP-
BAND™. The anchoring of the devices disclosed relies upon
placement of features against the internal all 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 Gert-
ner 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.

[0015] U.S.Pat.No. 6,981,978 to Gannoe discloses devices
for reducing the internal cavity of the stomach to a much
smaller volume, which mall 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.Pat.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 inwardly, 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 that they are meant to bind.
[0018] Techniques referred to as gastric pacing endeavor to
use electrical stimulation to simulate the normal feedback
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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] Therisk and invasiveness factors of currently avail-
able 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, et effective surgical treatment
procedures for morbidly obese patients (patients having a
BMI of 35 or greater). Also, since the current surgical proce-
dures 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 0f 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 indi-
cated for obese patients having a BMI in the range of 30-35,
as well as for more obese patients.

SUMMARY OF THE INVENTION

[0021] The present invention discloses implantable
devices, instruments and methods for treatment of obesity. In
one embodiment, an implantable device is provided that
includes an expandable main body member configured to be
positioned adjacent a portion of a stomach of a patient, within
the abdominal cavity of the patient; an anchor configured to
fix a portion of the main body member in a position relative to
at least one internal body structure, without piercing through
a wall of the stomach; an adjustment member having a port
that 1s accessible by an instrument to effect expansion or
contraction of the main body, the adjustment member config-
ured to be anchored to an abdominal wall or subcutaneously
external to the abdominal wall, and a conduit connecting the
main body with the adjustment member, wherein the device is
configured to be implanted without piercing through the
stomach wall.

[0022] A method oftreating obesity in a patient is provided,
wherein the method includes: making a percutaneous open-
ing to the abdominal cavity of the patient, passing an expand-
able device, while in a contracted configuration, through the
opening; positioning the expandable device adjacent the
stomach of the patient; expanding the expandable device; and
anchoring the expandable device, relative to at least one struc-
ture in the abdominal cavity, without piercing through a wall
of the stomach.

[0023] A method of treating obesity in a patient is provided
wherein the method includes: making a minimally invasive
opening to the abdominal cavity of the patient; passing an
expandable device, while in a contracted configuration,
through the opening, positioning the expandable device adja-
cent the stomach of the patient; anchoring the expandable
device to at least one structure in the abdominal cavity, with-
out piercing through a wall of the stomach; and expanding the
expandable device.

[0024] A method of treating obesity in a patient is provided
wherein the method includes: making a percutaneous open-
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ing to the abdominal cavity of the patient; passing an expand-
able device, while in a contracted configuration, through the
opening; positioning the expandable device adjacent the
stomach of the patient; expanding the expandable device to
occupy a volume of space and substantially prevent the stom-
ach from expanding into the volume of space; and anchoring
the expandable device to at least one structure in the abdomi-
nal cavity, without piercing through a wall of the stomach.
[0025] A method of treating obesity in a patient is provided
wherein the method includes: making a minimally invasive
opening to the abdominal cavity of the patient; passing an
expandable device, while in a contracted configuration,
through the opening; positioning the expandable device adja-
cent the stomach of the patient; passing an intra-gastric
expandable device within the interior cavity of the stomach;
expanding the intra-gastric expandable device to a predeter-
mined size or pressure; expanding the expandable device to
displace a portion of the stomach wall, monitoring the
expanding of the expandable device and displacement of the
portion of the stomach wall; and ceasing expanding the
expandable device when the distance between the portion of
the stomach wall being displaced and the intra-gastric
expandable device reaches a predetermined distance or when
a predetermined pressure is monitored via the intra-gastric
expandable device.

[0026] A kit for treatment of obesity is provided including:
an implantable, expandable body, member configured to be
positioned adjacent a portion of a stomach of a patient, within
the abdominal cavity of the patient; and an intra-gastric
expandable device configured to be passed trans-orally into
the interior cavity of the stomach, the intra-gastric expand-
able device comprising an inflatable main body configured to
be received in the cavity of the stomach, and a conduit of
sufficient length to extend out of the mouth of the patient
when the inflatable main body is fully received in the cavity of
the stomach.

[0027] A delivery device is provided for delivering an
expandable device for treatment of obesity, percutaneously
into an abdominal cavity of a patient. The device includes an
elongated outer cannula having sufficient length to receive the
expandable device when the expandable device is in a con-
tracted configuration; an introducer nosecone, at least a proxi-
mal portion of which is configured to be received within a
distal opening of the elongated outer cannula; a rod passing
through the elongated cannula and interconnecting the intro-
ducer nosecone distally with a drive handle proximally, the
rod being dimensioned to receive the expandable device
thereover when the expandable device is in a contracted con-
figuration, and the rod extending proximally of a proximal
end of the outer cannula, by a distance greater than or equal to
a length of the expandable device in a contracted configura-
tion; a stop on the rod configured to be positioned proximally
of a proximal end of the expandable device in a contracted
configuration when the expandable device is mounted on the
rod, to prevent backsliding of the expandable device; and a
locking mechanism to prevent sliding of the elongated can-
nula proximally with respect to the rod when the locking
mechanism is in a locked configuration, and to permit sliding
of the elongated cannula proximally with respect to the rod
when the locking mechanism is in an unlocked configuration.
[0028] An implantable device for treatment of obesity is
provided which is configured to assume a contracted configu-
ration as well as an expanded configuration, wherein the
contracted configuration reduces a cross-sectional area of the

Feb. 5, 2009

device to a cross-sectional area suitable for passing the device
through a port into the abdominal cavity using a minimally
invasive procedure, and when in the expanded configuration,
the device occupies a volume to prevent the stomach of a
patient from expanding into the volume. The device further
includes an anchor configured to fix the device in a position
relative to at least one internal body structure, without pierc-
ing through a wall of the stomach.

[0029] An adjustment member configured to be anchored
to a patient externally of a body cavity is provided, wherein
the adjustment member is configured to be in fluid commu-
nication with a conduit leading into the body cavity. The
adjustment member further includes a port that is accessible
by an instrument to deliver fluid therethrough; and a homing
mechanism configured to home a delivery needle into the
port.

[0030] An adjustment member and a deliver, device are
provided, wherein the adjustment member is configured to be
anchored to a patient externally of a body cavity. The adjust-
ment member is configured to be in fluid communication with
a conduit leading into the body cavity. The adjustment mem-
ber further includes a port that is accessible by a delivery
needle of the deliver device to deliver fluid therethrough. The
deliver needle includes a side opening for delivering fluid
therethrough when a distal end of the delivery needle engages
the port.

[0031] An implantable device for treatment of obesity is
provided that includes: an expandable main body member
configured to be positioned adjacent a portion of a stomach of
a patient, within the abdominal cavity of the patient; an
anchor configured to fix a portion of the main body, member
in a position relative to at least one internal body structure,
without piercing through a wall of the stomach; an adjustment
member having a port that is accessible by an instrument to
effect expansion or contraction of the main body, wherein the
adjustment member is located in the expandable main body
member; and a removable conduit having an expandable tip
wherein upon implantation of the expandable main body the
removable conduit is attached to the adjustment member and
after expansion of the expandable main body the expandable
tip is retracted and the removable conduit is removed.
[0032] A method of treating obesity is provided that
includes: placing a space occupying device within an abdomi-
nal cavity in proximity to a stomach; expanding the space
occupying device to reduce the space available for the stom-
ach to expand; and leaving the space occupying device in
proximity to the stomach for sufficient time to remodel the
stomach.

[0033] A method of treating obesity is provided that
includes: placing a space occupying device within an abdomi-
nal cavity in contact with a stomach; and expanding the space
occupying device to constrain the stomach to a curved tubular
shape.

[0034] A methodof creating a feeling of satiety is provided,
to include: positioning an expandable device in proximity to
a stomach without penetrating a wall of the stomach; and
expanding the expandable device to reduce an achievable
maximum volume of the stomach, wherein the stomach is
free to move.

[0035] A method of treating obesity is provided, including:
positioning an expandable device in proximity to a stomach;
and expanding the expandable device to surround portions of
the stomach so as to constrain a largest capable dimension of
the stomach by fifty, percent or more.
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[0036] 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
kits as more fully described below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] FIG. 1 illustrates the anatomy of the abdominal
cavity and its contents, and surrounding features.

[0038] FIG. 1A is an illustration of a diaphragm in an
isolated view, illustrating the conformation of the diaphragm
as it exists in the body.

[0039] FIG. 1B illustrates the diaphragm in position rela-
tive to the rib cage.

[0040] FIGS.2A-2L are transverse cross-sectional illustra-
tions of the abdominal cavity shown at sequential, incremen-
tal locations along the cavity.

[0041] FIGS. 3A-3M show various embodiments of
expandable devices which are inflatable to effect expansion
thereof.

[0042] FIG. 4 illustrates (by arrows) potential locations on
the stomach wall that can be compressed by one or more
expandable devices as described herein.

[0043] FIGS. 5A-5B illustrate an inflatable device that is
substantially tubular and has closed ends, as well as one
example of positioning the device to reduce the volume of the
stomach cavity.

[0044] FIGS. 6A-6B illustrate a device which is football-
shaped, as well as one example of positioning the device to
reduce the volume of the stomach cavity.

[0045] FIG. 7 illustrates a custom shaped device that is
expandable via inflation.

[0046] FIG. 8 illustrates a device that has a substantially
U-shaped external surface when inflated.

[0047] FIGS. 9A-9B illustrate embodiments of devices
having end portions that are less compliant than a central
portion.

[0048] FIG.10A illustrates an inflatable member 10 having
an inner liner that is less porous that the outer membrane of
the device.

[0049] FIG. 10B is a magnified view of the encircled por-
tion 10B of FIG. 10A.

[0050] FIG. 11 illustrates a device wherein the inner liner is
separate from the outer layer.

[0051] FIGS. 12A-12B illustrate another approach to
reducing or minimizing the seepage rate through an inflatable
member.

[0052] FIG.13Aisaperspective illustration of an inflatable
device, the main body of which is substantially tubular or
cylindrical with end portions that are substantially hemi-
spherical.

[0053] FIGS. 13B-131 illustrate one approach to fabricat-
ing a dual layer inflatable member for a device described
herein.

[0054] FIG. 13]illustrates a single layer inflatable member
manufactured according to one method embodiment
described herein, including steps described with regard to
FIGS. 13B-13D.

[0055] FIG. 14A 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.

[0056] FIG. 14B illustrates an example where the expand-
able member of FIG. 14A has been resized.
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[0057] FIG. 15A illustrates a device provided with a rela-
tively rigid exoskeleton having four arms that wrap partially
around the inflatable member.

[0058] FIG. 15B illustrates the arms of the exoskeleton of
the device of FIG. 15A in a straightened out configuration.
[0059] FIG. 16A shows a variation of the device of FIGS.
15A-15B in which the exoskeleton has only a pair of opposite
arms.

[0060] FIG. 16B illustrates the arms of the exoskeleton of
the device of FIG. 16A in a straightened out configuration.
[0061] FIG. 17 is a cross sectional illustration of a device
having a reinforcing element molded therein.

[0062] FIG. 18 illustrates an inflatable device having an
endoskeleton.
[0063] FIG. 19A illustrates a self-inflatable device in a

deflated configuration.

[0064] FIG. 19B illustrates the device of FIG. 19A after
self-inflating.
[0065] FIG. 19C illustrates a device having an inflatable

member that has a valve in the wall thereof.

[0066] FIG.20A showsa selfexpanding device comprising
a self-expanding body formed of intersecting resilient struc-
tural elements.

[0067] FIG. 20B illustrates another example of a self-ex-
panding device comprising intersecting struts, wherein the
device has been positioned between the diaphragm and stom-
ach and expanded against the stomach.

[0068] FIG. 21A illustrates a mechanically expandable
device that includes expandable coils routed through loops
that are fixed to a membrane.

[0069] FIG. 21B illustrates a device of the type described
with regard to FIG. 21A, having been implanted between the
diaphragm and stomach and expanded to deform the wall of
the stomach.

[0070] FIG. 22 illustrates another variation of a mechani-
cally expandable device.

[0071] FIG. 23 illustrates a compound expandable device
having been positioned between the diaphragm and stomach
and expanded against the stomach to deform the stomach wall
inwardly.

[0072] FIG. 24 illustrates another variation of a mechani-
cally expandable device.

[0073] FIG. 25 illustrates another example of a mechani-
cally expandable device.

[0074] FIG. 26 illustrates a device provided with a reser-
voir.

[0075] FIG. 27 illustrates a device having a roughened sur-
face portion.

[0076] FIG. 28 shows an example of a device having a

backing or patch to provide additional structural integrity to a
portion of the device.

[0077] FIG. 29 illustrates a device and show an expandable
member conduit and adjustment member of the device.
[0078] FIG. 30 illustrates an expandable member having
suction members on the surface thereof.

[0079] FIG. 31A illustrates that anchoring can be per-
formed using one or more pairs of magnets oriented to attract
to one another.

[0080] FIG. 31B illustrates that a surface of a device can be
anchored to the stomach wall using one or more pairs of
magnets.

[0081] FIG. 32A illustrates an expandable member
anchored against the internal surface of the abdominal mus-
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culature or peritoneum, by fixing the conduit, connected to
the expandable member, at the external surface of the
abdominal muscles.

[0082] FIG.32Bllustrates a device having been positioned
and expanded between the diaphragm and the stomach. An
anchoring member is fixed to surface of the expandable mem-
ber and extends through the diaphragm, where it is fixed
against the external surface of the diaphragm.

[0083] FIG. 33 shows another example of utilizing the con-
duit that extends from the expandable member to anchor the
expandable member of the device to a structure inside the
abdominal cavity.

[0084] FIGS. 34A-34B illustrate another anchoring
arrangement for anchoring an expandable member ofa device
to an internal structure in the abdominal cavity.

[0085] FIG. 35 shows another variant of an anchoring
arrangement in which magnets are arranged to anchor a sur-
face of the expandable member to the internal surface of the
diaphragm.

[0086] FIG. 36 illustrates a low profile adjustment member
that also functions as a stop member used to anchor a surface
of the expandable member of the device against an internal
structure in the abdominal cavity.

[0087] FIG. 37A shows an example in which the expand-
able member of a device is tethered to two locations on the
internal surface of the wall of the diaphragm.

[0088] FIG.37B illustrates that a surface of the expandable
member can be fixed directly to the internal structure.
[0089] FIG. 37C illustrates an example where the expand-
able device is tethered to three anchor points, two on the
internal wall of the diaphragm and/or ribs, and a third located
inferiorly in the abdominal cavity, such as on the peritoneum
or inner wall of the abdominal muscles.

[0090] FIG. 38 illustrates an inflatable device in which a
conduit extends through the inflatable device to allow a suture
or tether to be passed therethrough.

[0091] FIGS.39A-39D show various embodiments of fixa-
tion structures that can be used to establish the anchoring of a
suture, tether, wire, or other tensioning member when tether-
ing or suturing a device to an internal structure.

[0092] FIG. 40 illustrates a device anchored to an internal
structure, wherein the internal structure has loops fixed
thereto.

[0093] FIG. 41 illustrates a pair of hooks having been fixed
on the internal wall of the diaphragm in locations spaced to
engage loops on the device.

[0094] FIG. 42 shows anembodiment in which the device is
shaped to match the curvature or follow the contours of the
stomach.

[0095] FIG. 43 illustrates a cross-sectional view of the
device of FIG. 42.

[0096] FIGS. 44A-44B illustrate another expandable mem-
ber shape, and its use for deforming the stomach to provide
effects similar to that provided by a sleeve gastrectomy.
[0097] FIG. 45 shows a device wherein a receptacle is
shaped and configured to receive an expandable member
having a shape of the embodiment described in FIG. 42.
[0098] FIG. 46A illustrates another example of a device
having a receptacle that receives an expandable member
therein.

[0099] FIG. 46B illustrates the placement of the device of
FIG. 46A anteriorly on the stomach to perform a procedure
similar to that described with regard to FIG. 42.
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[0100] FIG. 47 illustrates a sectional view of a device hav-
ing an inflatable expandable member in fluid communication
with an adjustment member via a conduit.

[0101] FIG. 48A illustrates anchoring of an adjustment
member subcutaneously to an inner layer of the skin.

[0102] FIG. 48B illustrates attachment of an adjustment
member adjacent the abdominal wall.

[0103] FIG. 49 illustrates a partial sectional view of an
arrangement in which, in order to provide assistance in locat-
ing an adjustment member and propetly aligning an inflation
tool with the port of the adjustment mechanism, the adjust-
ment member is provided with magnets and the inflation tool
is provided with magnets arranged to be attracted to corre-
sponding magnets on the adjustment mechanism.

[0104] FIG. 50 illustrates an example of an adjustment
member provided with suture loops.

[0105] FIG. 51 illustrates an adjustment member having a
feature designed to prevent flipping.

[0106] FIG. 52 illustrates an adjustment member provided
with a variation of a magnetic homing arrangement.

[0107] FIG. 53A is a cutaway illustration of an inflation
needle provided with a safety valve mechanism for prevent-
ing inadvertent flow of gas or liquid into a patient.

[0108] FIG. 53B illustrates use of the needle of FIG. 53A
with an adjustment member of a type described with regard to
FIG. 52.

[0109] FIG. 53C is a sectional view of an adjustment mem-
ber with curved hooks attached to a self-sealing valve.
[0110] FIG. 53D is a sectional view of an adjustment mem-
ber with curved hooks attached thereto.

[0111] FIG. 54 illustrates another variation of a homing
mechanism provided in an adjustment member and delivers
needle.

[0112] FIG. 54A illustrates a method of filling an expand-
able member with a pressurized gas.

[0113] FIGS. 55A-55B illustrate two stages of a procedure
for implanting an extra-gastric, expandable device with the
aid of an expandable, intra-gastric sizing device.

[0114] FIG. 56 illustrates an intra-gastric sizing device hav-
ing been passed trans-orally through the mouth of a patient
and positioned in the stomach.

[0115] FIGS. 57A-57B illustrate that a conduit of an intra-
gastric device described herein can contain multiple lumens.
[0116] FIGS.57C-57F show additional variations that may
be provided in the configuration of an expandable member of
an intra-gastric device.

[0117] FIGS. 58A-58C show examples of cross-sectional
illustrations of different configurations for providing lumens
to pass through an expandable member of an intra-gastric
device.

[0118] FIG. 59 illustrates various portions of a device that
may be provided with radiopaque markers and/or constructed
partially or in whole from materials that are radiopaque.
[0119] FIG. 60 shows an embodiment of an instrument
(e.g., delivery device) for delivering an extra-gastric expand-
able device to a target surgical location within the abdominal
cavity of a patient.

[0120] FIG. 61 illustrates a distal end portion of an endo-
scope fitted with a cage.

[0121] FIG. 63 shows another embodiment of an inflation
tool that can be used to access an adjustment member for
delivery or withdrawal of fluid to or from an expandable
member of a device.
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[0122] FIGS. 64A-64G illustrate steps of a method of per-
cutaneously implanting an expandable extra-gastric device
according to one embodiment of the present invention.
[0123] FIGS. 65A-65G illustrate steps of a method of per-
cutaneously implanting an expandable extra-gastric device
according to another embodiment of the present invention.
[0124] FIGS. 66A-66L illustrate a device and steps of a
method of percutaneously implanting the device according to
another embodiment of the present invention.

[0125] FIGS. 66M-66P show two examples of deployment
mechanism and fixation structures that can be provided for
anchoring a device in the procedure described with regard to
FIGS. 66A-661..

[0126] FIG. 67 illustrates port locations that can be used in
laparoscopic implantation of a device in the same location as
described with regard to the percutaneous procedure of FIGS.
66A-66L..

[0127] FIGS. 68A-68K are transverse cross-sectional illus-
trations of the abdominal cavity shown at sequential, incre-
mental locations along the cavity, which correspond to the
illustrations of FIGS. 2A-2K, respectively, but in which an
expandable member, implanted in a position as described
with regard to FIGS. 66A-67, is also shown.

[0128] FIGS. 69A-69C illustrate advantages of placement
of a single expandable member with a complex shape, for
example, like the device implanted and positioned as
described with regard to FIGS. 66A-67.

[0129] FIGS. 70A-70D illustrate steps of a laparoscopic
method of implanting an expandable extra-gastric device
according to one embodiment of the present invention.
[0130] FIG. 71 illustrates the device shown in FIG. 37
having been tethered to two anchoring locations with a single
suture, tether or other tensioning mechanism using percuta-
neous or laparoscopic procedures as described herein.
[0131] FIGS. 72A-72C illustrate steps of a method of per-
cutaneously implanting an expandable extra-gastric device
according to another embodiment of the present invention.
[0132] FIGS. 73A-73B illustrate an embodiment of place-
ment of a device having a single expandable member.
[0133] FIGS. 74A-74B illustrate another embodiment of
placement of a device having a single expandable member.
[0134] FIG. 75 illustrates a technique for protecting the
spleen and/or diverting compressive forces away from the
spleen.

[0135] FIG. 76 illustrates an expandable member of a
device having a pressure sensor and transmitter fixed to an
inner wall of the expandable member.

[0136] FIGS. 77A-77F are radiographs taken during the
placement of an expandable device in a human cadaver.
[0137] FIGS. 78A-78B illustrate a device positioned in the
sulcular aspect of the diaphragmatic corella, bounded by the
diaphragm and ribs on anterior, posterior, superior and lateral
sides, so that when device is expanded, the expansion is
somewhat concealed from observation externally of the
patient.

[0138] FIG. 79 diagrammatically illustrates the use of a
space filling foam that can be use as the expandable member
of a device described herein.

[0139] FIGS. 80A-80E diagrammatically illustrate the use
of multiple expandable members that can be used together to
occupy the space in the sub-diaphragmatic region.

DETAILED DESCRIPTION OF THE INVENTION

[0140] Before the present devices and methods are
described, it is to be understood that this invention is not
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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 purpose 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.

[0141] Where arange of values is provided, it is understood
that each 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
stated 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.

[0142] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. Although any methods and materials simi-
lar 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 con-
nection with which the publications are cited.

[0143] 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 anchor”
includes a plurality of such anchors 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.

[0144] 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 publi-
cation dates which may need to be independently confirmed.

DEFINITIONS

[0145] A “compliant” material refers to a material that is
stretchable or expandable. This expansibility allows the mate-
rial to increase in dimension substantially more than a non-
compliant or semi-compliant material, prior to failure. For
example, when formed as a balloon structure, a compliant
material comprises an expansibility property of being able to
increase its radius, beyond its formed radius, under pressure
applied into the balloon, by 100 percent or more, without
rupturing.

[0146] 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 10 percent or less prior to rupturing.
[0147] A “semi-compliant” material refers to a material
that, when formed as a balloon structure, can increase its
radius beyond its formed radius, under pressure applied into
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the balloons by an amount between about 10 percent and
about 100 percent, prior to rupturing.

[0148] The “wall” of the stomach refers to all of the layers
that make up the stomach wall, including the mucosa, sub-
mucosa, 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.
[0149] 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.

[0150] A “distal” end of an instrument is the end that is
further from the surgeon when the surgeon is using the instru-
ment for its intended surgical application.

[0151] 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 ofthe patient, or just outside ofit,
such as including the outer surface of a wall that partially
defines the abdominal cavity. Structures to which a device can
be anchored include, but are not limited to: one or more ribs,
the intercostal muscles, the abdominal surface of the dia-
phragm, the stomach (but where the anchor does not pass
through the wall of the stomach), the anterior abdominal wall,
the posterior abdominal wall and the lateral abdominal wall,
the esophagus, the angle of his in the stomach, the gastro-
intestinal junction, the gastro-esophageal junction, the supe-
rior aspect of the omentum, peritoneum, liver, connective
tissues, ligaments, and blood vessels.

[0152] A “body floss wire” is a wire that enters and exits the
body in tow locations and passes inside the body between the
two locations. This arrangement allows excellent control of
the tension on the sire, as forces can be applied at both end
portions of the wire that enter and exit the body. Additionally,
this arrangement provides good control of devices being
passed along the wire.

[0153] Thepreferred embodiments of the present invention
prevent the possible issue of erosion caused by an expandable
member, by not requiring anchoring to the stomach, and
further, by not requiring a compression force to be applied
when the stomach is not full of food. By allowing the stomach
to move freely in the constrained spaced provided by the
expandable member, the stomach’s possible expansion size
will be decreased, but there will be less opportunity for the
formation of pressure necrosis since no one region will be
subjected to concentrated forces. One additional physiologi-
cal benefit of the expandable member may further be to sub-
stantially reduce the actual volume of the stomach itself,
remodeling the organ as the muscle contracts into its new
shape over the period of weeks or months (just as the heart
remodels when constrained from over-expansion). Remodel-
ing the stomach allows the expandable member to be
implanted temporarily. The preferred embodiments also are
positioned in a location to completely fill the space normally
occupied by the fundus, thus moving the stomach medially
and wedging the stomach between the expandable member
and the medial and anterior aspects of the liver, and the spine
posteriorly. This position also ensures that the expandable
member is almost entirely maintained underneath the dia-
phragmatic umbrella beneath the ribs on the left side, thus
concealing the expandable member, and preventing it from
producing an unsatisfactory cosmetic result. Further, the pre-
ferred embodiments can have elements for anchoring on one
or more locations along the abdominal cavity wall to prevent
migration. Further, the preferred embodiments are provided
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with an outer surface that is very atraumatic. Preferred
embodiments include at least one expandable member, pref-
erably an inflatable member, made of a material or material
composite that is impermeable to gas.

Abdominal Cavity Anatomy

[0154] FIG. 1 illustrates the anatomy of the abdominal
cavity and its contents, and surrounding features. The
abdominal cavity 100 is shown divided among four quad-
rants, 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 dia-
phragm 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 stom-
ach 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 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.

[0155] FIGS.2A-2L are transverse cross-sectional illustra-
tions of the abdominal cavity shown at sequential, incremen-
tal locations of the cavity. The illustrations are according to
standard convention, where the view is taken from the root of
the patient facing toward the head of the patient (in the direc-
tion of arrow 9 shown in FIG. 1). The view of FIG. 2A is just
below the top of the diaphragm an is the most superior loca-
tion shown, while FIG. 2L is a view of the most inferior
location shown, with views 2A-2L incrementing by incre-
ments of about 1 to 5 cm in an inferior direction sequentially.
The liver 121, esophagus 118 and stomach 120 are shown in
their relative locations within the abdominal cavity in the
views of FIG. 2A-2D. It can be observed that while the
cross-sectional area of the esophagus 118 stays fairly con-
stant throughout these views that the cross-sectional areas of
the liver 121 and stomach 120 are sequentially increasing. In
FIGS. 2E-2L, the esophagus 118 is no longer visible, but the
variations in the relative cross-sectional areas of both the liver
121, and especially the stomach 120, can be readily seen by
comparing the figs.

Devices

[0156] At least some embodiments of devices described
herein can be implanted percutaneously, with a relatively
quick and simple procedure that requires no general anesthe-
sia and wherein only a single, small opening in a patient is
required to deliver the device, which typically has a single
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expandable member that is self anchoring or can be easily
anchored to maintain the simplicity and minimal invasiveness
of the procedure.

[0157] In other embodiments, more complex configura-
tions of expandable members are provided, where a device
can contain one or more expandable members and implanta-
tion and anchoring can be performed laparoscopically. Any of
the devices described wherein can, of course, be implanted
using open surgical procedures. Devices that can be
implanted percutaneously can alternatively be implanted
using laparoscopic procedures.

[0158] Devices described herein can be implanted perma-
nently, 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 alter-
native treatment to be applied.

[0159] Expandable Member Configurations

[0160] One possible entry location for creating an opening
through the patient’s skin and into the abdominal cavil) for
deliver) of the device is indicated by arrow 126 in FIG. 1, just
below the bottom edge of the rib cane 114 and in a location
generally aligned with the fundus of the stomach 120. The
expandable device is inserted through the opening and tra-
versed around the fundus to a location between the fundus
120f and the wall of the diaphragm. Depending upon the
shape of expandable member 10em of device 11, 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
only abut or lie adjacent to the stomach wall, without impart-
ing an) significant deformation forces thereto. However,
when the patient eats and the stomach begins to fill, expand-
able member 10em in this case prevents the stomach from
expanding 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 120/, exerting pressure on, or at least preventing
expansion of the fundus. Because the expandable device is
notattached to the stomach, the stomach is free to perform its
normal function of mixing food in the stomach for digesting
and pushing food out of the stomach. During all of this move-
ment the stomach may slip behind, beside or on top of the
expandable device, but the internal volume of the stomach
will be held to its smaller volume as the expandable device is
occupying the space into which the stomach would normally
expand. Further details of methods for treatment of obesity,
including procedures for implanting devices described herein
are described below.

[0161] 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 ore 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. 4 illustrates (by arrows) potential
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locations on the stomach 120 wall that can be compressed by
one or more expandable devices as described herein.

[0162] FIGS. 3A-3D show several different embodiments
of expandable devices 10 which are inflatable to effect expan-
sion thereof, and which are shown in cross-section in
expanded configurations. Surfaces 10 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. 3F-3M are perspective illustrations
of further variations of inflatable expandable devices 10
according to the present invention. In FIG. 3F, device 10 is
substantially 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 110T 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. 3F. FIG. 3F also shows a
partial view of conduit 12 that is in fluid communication with
device 10 and used to inflate device 10. Although conduit 12
is shown connecting at one end 10e 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.

[0163] FIG. 3G shows a variation of the device of FI1G. 3F,
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. 3F. End portions 10e function similarly to
that described with regard to FIG. 3F. 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 11
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 110 or can otherwise be
made to be more expandable (e.g., such as by making it more
compliant than the remainder of the device).

[0164] FIG. 3H shows a “cupped scoop” configuration,
which, similar to the crescent configuration provides a con-
cave surface 10a and a convex surface 10p. In this arrange-
ment, 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 104 abut 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. 31 shows a variation of the device of FIG. 3H,
wherein the cupped scoop shape has been modified to a modi-
fied-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. 3H. End portions 10e function
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similarly to that described with regard to FIG. 3F. 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. Alter-
natively, 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).
In either of the embodiments of FIGS. 3G and 31 the central
portion 10¢, including portions of both surfaces 10a and 10p
can, in combination, form a substantially spherical shape
when inflated. Alternatively, the bulge in central portion 10¢
on surface 10a can have a curvature different from hemi-
spherical, but still convex.

[0165] FIG. 3] 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 10¢
between end portions 110e functions similarly to that
described above with regard to FIGS. 3G and 31 and can be
made in any of the same manners. Further alternatively, the
bulge can be formed as a separately inflatable member, that is,
aballoon that is inflatable and debatable independently of the
main inflatable body of device 10. In such instances, conduit
12 can be provided with two lumens for separate control of
inflation and deflation of the two balloons. The embodiments
of FIGS. 3G and 3I 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.

[0166] FIG. 3K illustrates a device 10 similar to that
described with regard to FIG. 3G, but including a concave
curvature 20ec 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 configu-
ration 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, sur-
face 10ec does not contact or only contacts spleen 128 with
minimal pressure, so that spleen 128 is not substantially com-
pressed.

[0167] FIG. 3L shows an inflatable device 10 having a
substantially flat surface 10p and a convex surface 10a. The
substantially flat surface 10p can be particularly advanta-
geous 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 subcutane-
ous layers of the patient. The flat surface top is configured so
as not to expand, or to expand only minimally, as the majority
of the expansion proceeds outwardly in the direction of sur-
face 10a during inflation. This may prevent or substantially
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reduce abulge 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 10qa, although shown as a continuous convex surface,
can be modified to provide other surface conformations,
including any of those shown and discussed above.

[0168] FIG. 3M illustrates another expandable member
configuration in which expandable member 10em has a rela-
tively large, bulbous superior portion 10su that tapers to an
inferior tubular portion 10in. Tubular section 10in has a sub-
stantially 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 con-
figured 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 positioned 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 is properly posi-
tioned, tubular portion 10in is inferior to bulbous portion 10su
and, when inflated, applies pressure to the body of the stom-
ach to effect conformational change by pushing it posteriorly
against the spinal column. As inflated, device 10 rills 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.

[0169] FIGS. 5A and 5B illustrate an inflatable device that
is substantially tubular, and thus ends 10e have closed ends.
The side walls can have a precurvature so that surface 10a is
slightly concave and surface 10p is slightly convex, or can
have one or more elbows designed therein. In either case,
when device 10 is positioned between the diaphragm 116 and
the stomach 120 of a patient, as illustrated in FIG. 5B, and
inflated to displace the stomach wall, device 10 can also
conform to the natural curvature of the diaphragm 116, either
by the one or more elbows provided, or by deformation of the
surface 10p under pressure.

[0170] FIGS. 6A-6B illustrate another device 10 which is
football-shaped, as well as one example of positioning device
10 to reduce the volume of the stomach cavity. In this regard,
when positioned between the diaphragm 116 and stomach
120 as illustrated, the convex curvature of surface 10p when
inflated conforms well to the curvature of the diaphragm 116,
and the convex surface 10a can provide a larger amount of
volume reduction in the cavity within the stomach, as a larger
surface area of the stomach wall can be contacted and dis-
placed by the inflated device, as compared with the tubular
device shown in FIGS. 5A-5B.

[0171] FIG. 7 illustrates a device 10 that is expandable via
inflation, having a custom shape. Surface 10p is convex and
surface 10« is concave, and can be contoured to conform to
the contour of the stomach wall. Surface 10a is dished (con-
cave in axially orthogonal directions) and dimensioned to
receive all or a portion of one side of the stomach in the dished
space. The perimeter of the dish 10ap functions to assist in
stabilization of device 10 when positioned against the stom-
ach wall to receive a portion of the stomach, to prevent migra-
tion of device 10 with respect to the stomach 120. The convex
surface, by its nature, functions to spread expansion forces
generated during inflation of the device, over a surface or the
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internal body structure that it contacts. Concave surface 10a
can be configured and dimensioned to receive the stomach
and envelope superior and inferior end portions of the stom-
ach. Alternatively, or in addition thereto, concave surface 10a
can be configured and dimensioned to receive the stomach
and envelop at least portions of anterior and posterior surfaces
ofthe stomach. A notchorother recess 10x can also be formed
in a superior end of perimeter 10ap, configured and dimen-
sioned to receive the esophagus where it joins the stomach.
This feature further resists migration of (i.e., anchors) device
10 once it has been properly positioned and inflated.

[0172] FIG. 8 illustrates a device 10 that has a substantially
U-shaped external surface when inflated that is defined by the
portions of surface 10p contributed by retrogastric limb 10z,
intermediate portion 10i and anterogastric limb 10an. All
portions can be inflatable, or, alternatively, only one or some
portions can be inflatable. For example, retrogastric 107 and
anterogastric 10ax limbs can be inflatable, while intermediate
portion may not be, but mats be a resilient non-inflatable
portion. Additionally, an inflatable bulge can be inflated to
extend the surface 10a of such a non-inflatable intermediate
portion. The inflatable bulge can be inflated together along
with the limbs, or independently, in a manner discussed pre-
viously. Further alternatively, one or both limbs may not be
inflatable, while one the intermediate portion and/or bulge are
inflatable. Further, reinforcing structures can be provided
with this device 10, as well as other devices described herein.
When an inflatable bulge member is formed on the surface
10a of intermediate portion 10i, the bulge member, when
inflated, extends within the internal U-shape of the device on
internal surface 10a of device 10, to advance toward the
stomach, while retrogastric 107 and anterogastric loan limbs
engage peripherally around surfaces on the stomach. In one
example of use, device 10 can be positioned over the fundus
so that the contact surface 10q of intermediate portion 10in
(with or without the bulge) is positioned adjacent the wall of
the fundus, and wherein retrogastric 107 and anterogastric
10ar limbs engage peripherally (retrogastrically and antero-
gastrically, respectively) around the fundus.

[0173] FIG. 79 diagrammatically illustrates the use of a
space filling foam that can be use as the expandable member
10. The foam can be sprayed in place or injected in order to fill
up substantially ally of the sub-diaphragmatic space into
which the fundus normally expands.

[0174] FIGS. 80A-80E diagrammatically illustrate the use
of multiple expandable members 10 that can be used together
to occupy the space in the sub diaphragmatic region to
achieve the effect of the embodiments described above. The
multiple expandable members can have an) of the shapes
previously described and can be shaped so as to interlock with
one another to achieve the desired shape and/or prevent
migration of the members. In some embodiments the multiple
expandable members can be strung together. In other embodi-
ments the multiple expandable members can stick to one
another.

[0175] Expandable Member Construction

[0176] 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 use in an inflat-
able 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 polyure-
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thane, see for example, U.S. Pat. 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
terephalate (PET) and urethane. Urethane can be a compliant,
semi-compliant or non-compliant material depending upon
its specific formulation and hardness or durometer. Compli-
ant, semi-compliant and noncompliant categories are not
solely material limited, but are better defined by their expan-
sion 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.

[0177] 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. Sili-
cone is one example of a compliant material that can provide
the desirable soft and atraumatic outer surface of an expand-
able member, and is desirable due to its mechanical propetrties
as well as its successful history, as a long term implant mate-
rial. 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.

[0178] The inflatable member of a device 10 can be con-
structed primarily ofa compliant material such as silicone, for
example, in which case, the expandability of the inflatable
member is substantially isotropic, so that the inflatable mem-
ber expands outwardly bye 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 includ-
ing surface 10p can be formed thicker than the wall including
surface 10q. 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. 3L, 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 the football shaped device 10 shown in FIG. 6A, 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 lop relatively thicker, this
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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 mem-
ber.

[0179] Another technique for producing an inflatable mem-
ber 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 non-
compliant 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 10¢ can be
made of a compliant material. In this way, end portions 10e
expand less than central portion 10¢ when device 10 is
inflated. Additionally, especially when a noncompliant mate-
rial is used, end 10e provide greater lateral support in con-
tacting 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 mem-
ber as illustrated in the devices of FIGS. 3A-8. Volume of a
device is increased by stretching 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 com-
pliance of the material used to make the expandable member,
as well as the wall thickness of the material used to make the
expandable member. In the example of FIG. 9A, end portions
10e are formed of a material that is less compliant (e.g.,
noncompliant or semi-compliant) than the material that cen-
tral portion 10¢ is formed of. For example, portions 10e canbe
formed of polytetrafluoroethylene (PTFE) or PET, and cen-
tral portion 10¢ can be formed 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 10¢ by solvent bonding, heat bonding, adhesives, etc.
End portions 10e can be in fluid communication with central
portion 104, or they can be independently inflatable through
asecond lumen, as described above. In this arrangement, end
portions 10e remain substantially in their present configura-
tion, 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.

[0180] FIG. 9B shows an alternative arrangement to the
device shownin FIG. 9A. InFIG. 9B, the end portions 10e are
integral with and in fluid communication with one another,
and wrap around the surface 10p of central portion 100¢. 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-compli-
ant) material. As in FIG. 9A, end portions 10e can be in fluid
communication with central portion 10¢ so as to be inflated
via the same input lumen. Alternatively, end portions 10e can
be independently inflatable. The integral end portions mem-
ber can be glued or otherwise fixed to central portion 10¢. As
another alternative, the end portions (and/or the piece inte-
grally connecting them) are be inflatable, but can be foam
filled, or solid polymer.

[0181] Inflatable members described herein can be inflated
with 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 dex-
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trose solution, iostonic saline solution, air. It may be prefer-
able 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. 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 am 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 struc-
ture that encapsulates the gas in cells, and thus has relatively
low mass but still has significant resistance to compression or
deformation.

[0182] When inflating an inflatable member with a pressur-
ized 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. This seepage or slow leakage of gas
from the inflatable member may 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 seep-
age is to coat an inner or outer surface of the inflatable mem-
ber 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.

[0183] Another way of eliminating or substantially reduc-
ing such seepage is to provide an inner liner inside the wall of
the inflatable member. FIG. 10A illustrates an inflatable
member 10 having an inner liner 14 that is less porous thatthe
outer membrane 13 of device 10. As shown in F1G. 10B, liner
14 is made of a material that has less porosity than the outer
layer of inflatable material 13 forming inflatable member 10,
thatis 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 inflat-
able, and relatively non-porous, with outer surface character-
istics 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.

[0184] 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. 11 shows
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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 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, neither layer is
stretched. As fluid is inputted into the expandable member,
the outside layer 13 becomes stretched prior to fully inflating
the inner layer 14, as shown in FIG. 11. 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 not stretched (or
stretched ver 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 abdomi-
nal cavity.

[0185] For example, layer 14 can be made from poly ure-
thane and layer 13 can be made from silicone, although sub-
stitutes for each layer can be made, as already noted. Further,
even by forming layers 13 and 14 both from a compliant
material such as silicone, some reduction in seepage rates is
achieved.

[0186] FIGS. 12A-12B illustrate another approach to
reducing or minimizing the seepage rate through an inflatable
member. FIG. 12A illustrates inflatable device 10 in a com-
pact deflated configuration, wherein no or a minimal amount
of inflation medium exists within the inflatable member.
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. 12B maintains the same
porosity and seepage performance that it had in the deflated
configuration, as opposed to elastically deforming the inflat-
able member, which may increase the seepage rate, as dis-
cussed above. The wall thickness and or material for con-
structing 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 prevents
the stomach from expanding into. Alternatively, device 10 can
be made from a compliant material and configured to fill the
space when 1in an elastically deformed configuration.

[0187] Device 10 can further include one or more reinforc-
ing elements 16,40 (e.g., see FIG. 8) 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, biocom-
patible malleable metals, or fiber reinforced polymers. A
reinforcing element can be positioned in a mold in a prede-
termined configuration and then molded into the inflatable
member by molding the inflatable member around the rein-
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forcing element. Alternatively, reinforcing elements 16,40
can be bonded to the expandable member by heat, adhesives
and/or solvents.

[0188] FIG. 13Aisaperspective illustration of an inflatable
device 10, the main body of which is substantially tubular or
cylindrical with end portions 10e that are substantially hemi-
spherical. Device 10 includes a fiber-reinforced polymer por-
tion 16 (e.g., Fiber-reinforced silicone strip) that reinforces
the strength of the attachment of anchor features 20 that are
adapted to anchor device 10 to at least one internal structure
in the abdominal cavity, which is described in more detail
below. Reinforced portion 16 can be extended over end por-
tions (as shown in phantom), as well as additionally estab-
lished in a cross pattern or other pattern to reinforce the end
portions 10e and make them less expandable.

[0189] FIGS. 13B-131 illustrate one approach to fabricat-
ing a dual layer inflatable member for device 10. The outer
layer 100 is preferably formed from a compliant, relatively
soft polymer to provide an atraumatic interface with the stom-
ach wall. For example, outer layer can be silicone, latex
rubber, or other soft, compliant elastomer. FIGS. 13B-13D
illustrate one method of manufacturing outer layer 102. A
mold 540 that has an outer surface conformation that is what
matches the desired conformation of outer layer 100 is dipped
into a vat 542 of liquid polymer of the material that layer 102
is to be formed of. After a predetermined time, mold 540 is
pulled out of vat 540 and agitated to equally distribute the
polymer layer that has accumulated on the mold, while the
polymer cures or solidifies see FIG. 13C. The steps in FIGS.
13B and 13C 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 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.

[0190] After finishing the cycles of steps 13B and 13C, and
after sufficient curing, the layer 100 is cut from mold 540,
such as by cutting a slot or opening 10s/ aligned with the shaft
541 that extends from mold 540 and peeling layer 100 from
the mold 540, as illustrated in FIG. 13D. Opening 10s/ is
dimensioned to permit the passage of an inner layer there-
through, in a manner as described below. Outer layer 10, as
removed from mold 540, is illustrated in FIG. 13E. In the
example shown in FIG. 13E, opening 10s/ is a slot that gen-
erally 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
shoot in FIG. 13F, inner liner is formed from polyurethane. A
conduit 12/ configured to connect with conduit 12 is provided
that extends from and is in fluid communication with irner
liner 10;. Inner liner 107 may be less porous than outer mem-
ber 100, for reasons discussed above, and is inflatable to
expand member 10;. However, inner liner 10f may or may 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 to an
expanded configuration. Alternatively, device 10 can be
inflated to an expanded configuration where neither inner
liner 10 nor outer layer 100 are elastically deformed or
stretched.

[0191] FIG. 13G shows a reinforced element 16 used to
integrate the two inflatable layers 105 and 100. In the example
shown, reinforcing member 16 comprises a fiber-reinforced
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silicone strip that includes tabs or loops 20 useful for deliv-
ering and/or anchoring device 10. However, other materials
and shapes can be provided when constructing reinforcing
element 16. Conduit 12 extends proximally from reinforcing
element 16, with also a distal end (not shown) opening from
a bottom surface 165 thereof that is configured to be in fluid
communication with conduit 12i.

[0192] To assemble the inflatable member, conduit 12/ 1s in
fluid communication with to the distal end of conduit 12 and
sealed, such as by a pressure fit and/or adhesives. Inner inflat-
able member is deflated to a compressed configuration, and
may be further compacted by folding or scrunching the walls
together, as illustrated in FIG. 13G. Next, inner inflatable
member 10 and conduit 12/ are inserted through opening
10s/ and reinforcing member 16, which overlaps opening
105, is adhered over opening 10s/ to seal the outer member
100 so that an enclosed, inflatable space that is substantially
leak-proof to fluid and/or gas under pressure results. The
resulting inflatable expandable member 10em is illustrated in
FIG. 131. 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 manufac-
tured similarly. Also, an inner layer of a dual layer inflatable
member can be manufactured using techniques as described
with regard to FIGS. 13B-13D, for example. To manufacture
asingle layer inflatable member, the layer generated by steps
shown in FIGS. 13B-13D is then sealed with a reinforcing
strip 16, as illustrated in FIG. 13]. In any of these embodi-
ments, reinforcing strip 16 can be prefabricated to incorporate
fixation structures (e.g., anchors), conduit 12, internal valve
structures for controlling pressure within expandable mem-
ber 10em via conduit 12 and/or radiopaque markers.

[0193] Expandable member 10em can be configured to
have more than one independent inflatable member or cham-
ber. For example, FIG. 14A illustrates expandable member
10em that is provided as a dual layer expandable member,
wherein outer layer 100 surrounds both inner inflatable ele-
ments 10/1 and 1072, each of which are independently inflat-
able. In the embodiment shown, each of members 100, 10/1
and 1072 is independently inflatable via dedicated inflation
tube 546, 547 and 548 that pass through conduit 12 and
connect to the three respective inflatable members, respec-
tively. This allows differential expansion of expandable mem-
ber 10em. For example, if more displacement of the stomach
120 is desired in the area contacted by member 10i1 and outer
member 100 than what is desired in the area contacted by
member 102 and outer member 100, then member 107 can be
inflated to a higher volume than member 102 to effect more
movement by member 10i1. Also, it is noted that similar
functionality, can be obtained in a single layer arrangements
for example, like that shown, only without the outer layer 100.
In such an arrangement, members 10i1 and 10i2 would still be
independently inflatable. Members 1071 and 10i2 can be con-
nected together, for example using fixation structures and
techniques described herein, to prevent the members from
migrating away from one another.

[0194] FIG. 14B illustrates an example where the expand-
able member 10em of F1G. 14A has been resized (such as by
reducing the volume in member 10/1 and/or increasing the
volume in member 10i2) so that the members 101 and 10i2
are approximately the same size.

[0195] Reinforcing elements 16 can be configured to pro-
vide a more rigid frame or structure to maintain the inflatable
member in a desired orientation or configuration when
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inflated and when applying forces to the stomach. The rein-
forcing elements can be arranged to provide a relatively rigid
“exoskeleton” or “endoskeleton” of the inflatable member.
Such frames can be constructed of any of the material
described above for reinforcing elements 16, particular rigid
plastics, stainless steel, nickel-titanium alloys, titanium, etc.
FIG. 15A illustrates device 10 provided with a relatively rigid
exoskeleton having four arms 16« that wrap partially around
the inflatable member and are spaced equidistantly apart by
90 degrees and joined together at the surface 10p of device 10.
As the inflatable member is expanded/inflated, the flexure of
skeleton 16 causes a directed expansion, and thus assertion of
force by the inflatable member in the direction toward the
stomach 120 via surface 10a. Alternatively, arms 16a can be
formed of an elastic material and are deformed as device is
anchored against an internal structure, such as when device is
anchored against the diaphragm and ribs (described in more
detail below). In this case, the flexure is caused by anchoring
against the internal structure. Should device 10 become
detached from its anchoring and migrate, in this example,
flexible arms straighten out (as illustrated in FIG. 15B) and
this prevents further migration of the device 10. FIG. 16A
shows a variation in which skeleton 16 has only a pair of
opposite arms 116a. This structure can be made from any of
the materials as described above with regard to FIG. 15A.
FIG. 16B shows an example of a migration prevention feature
provided when the arms 16a of the device of FIG. 16A are
formed to be elastically biased to the straight configuration,
and when arms 16a are not constrained, such as when device
is dislodged from its anchored position.

[0196] FIG. 17 is across sectional illustration of a device 10
having a reinforcing element 16 molded therein. Reinforcing
element 16 in this example is a substantially planar “endosk-
eleton” and, when anchored to an internal structure broadens
the base of attachment of the device, rendering the device
more stable its position and also spreading the expansion
forces over a larger area of the internal structure to which the
device is fixed, over surface 10p, while concentrating expan-
sion forces to the stomach via surface 10a. Reinforcing ele-
ment 16 can be formed of any of the materials described
above, typically metal or substantially rigid polymer.

[0197] FIG. 18 illustrates another embodiment of an inflat-
able device 10 with an endoskeleton 16. In this embodiment,
endoskeleton 16 defines the entire framework for the shape of
the inflatable member, thereby maintaining the designed sur-
face shape of both surfaces 10a and 10p.

[0198] 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 described in more detail
below. Alternatively, device 10 can be configured to be self
inflate 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. 19A illustrates an inflatable device formed from a non-
compliant 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 118. Once device 10 has been prop-
erly implanted, anchored and positioned as desired, capsule
18 is squeezed, crushed, or otherwise deformed, using grasp-
ers, or other similar surgical instrument. This deformation
increases the pressure within capsule 18, causing a membrane
separating reactants in the capsule to rupture, at which time
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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 prod-
uct. 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 10 to a predeter-
mined pressure, as illustrated alter completion of the chemi-
cal reaction in FIG. 19B.

[0199] As an alternative to inflatable members, expandable
devices are provided that are expanded via a mechanically
expandable mechanism. For example, FIG. 20A shows self
expanding device 10 comprising a self-expanding body
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 biocom-
patible, resilient metal, or resilient biocompatible polymer,
for example. Device 10 is collapsible to a compressed con-
figuration 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 is biased toward the expanded con-
figuration, so that upon being ejected from sheath 24, device
10 self expands to the expanded configuration, in the direc-
tions of the arrows shown in FIG. 20A. 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 open-
ing of the sheath will cause struts to move back into the
contracted configuration. FIG. 20B illustrates another
example of a self-expanding device 10 comprising intersect-
ing struts 22, wherein the device has been positioned between
the diaphragm 116 and stomach 120 and expanded against the
stomach to deform the fundus inwardly. The device 10 of FIG.
20B is in the form of a basket and expands anisotropically, so
as to expand more at the superior portion 10s of surface 10a
than at the inferior portion 107, to focus the deformation on
the fundus portion of the stomach. It should be noted that any
of the mechanically expanding embodiments discussed
herein can be shaped to take on a variety of expanded confor-
mations, including any of those discussed above with regard
to the inflatable devices.

[0200] FIG. 21A illustrates a mechanically expandable
device 10 that includes expandable coils 22 routed through
loops 28 that are fixed to membrane 26. The non-expanded
shape of membrane 26 may function to guide the overall
expanded shape of device 10. Membrane 26 can be made
from a compliant material, such as an elastomer, or from a
semi-compliant or noncompliant material, or from some
combination of these three classes of materials. Membrane 26
can include reinforcing structure at the locations where loops
28 are affixed thereto. After device 10 is positioned where it is
desired to implant the device, a wire (which can be partially
inserted prior to delivering the device into the abdominal
cavity, including threading the wire though some or all of
loops 22), is advanced into membrane 26 to expand the diam-
eter of coils 22, thereby expanding the device into its
expanded conformation. The wire forming the loops can be
entirely received within membrane 26 in order to complete
the implantation. Alternatively a small portion of the wire can
be left extending from membrane 26 and a locking mecha-
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nism 30 (shown in phantom), such as a clamp, or other alter-
native locking mechanism, can be provided to maintain the
desired orientation and size of the coils 22 within membrane
26. With this option, locking mechanism 30 can be tempo-
rarily unlocked to adjust the amount of expansion of device 10
(such as by varying the relative diameters of loops 22) by
advancing more of the wire into the membrane 26 to expand
the device 10, or alternatively, by withdrawing more of the
wire out of membrane 26 to decrease the size of device 10.
This feature may be utilized initially during implantation of
the device, or later on, in a follow up procedure to adjust the
size of the device. Further alternatively, the wire can be
extended out through the patient, where locking mechanism
30 can be provided on an access device implanted subcuta-
neously in the patient (as described below) or even fixed
externally to the epidermis of the patient.

[0201] Implantation of device 10 is reversible, as the wire
can be drawn back out through loops 28, thereby, removing
the wire, or atleast reducing the diameter of coils 22 to a small
enough dimension to remove the device 10 though a sheath,
cannula or other guide structure via a port or other small
opening. FIG. 21B illustrates a device 10 of the type
described with regard to FIG. 21A, having been implanted
between the diaphragm 116 and stomach 120 and expanded to
deform the wall of the stomach 120 over substantially the full
length of the stomach 120, reducing the internal cavity 123
within the stomach 120 to a small tubular like structure,
roughly, banana-shaped to produce the same affect as a sleeve
gastrectomy, but without any cutting into the stomach being
required. Although shown as only one device 10 having been
implanted, it should be noted here that a plurality of devices
10 may be implanted to accomplish a similar compression of
the stomach. A single device 10 of complex shape can be
provided to accomplish varying amounts or distances of dis-
placement of the stomach at different locations as noted. A
single device (whether complex or simple shape) may be best
for procedures involving only a single entry location or open-
ing, such as percutaneous procedures. It may be further
advantageous to provide such single devices with shapes that
need little anchoring and are easily positioned, as this further
simplifies the procedure.

[0202] FIG. 22 illustrates another variation of a mechani-
cally expandable device comprising substantially parallel
struts 22 that are fixed at proximal and distal ends 10e of
device 10. Struts 22 can be formed from any of the materials
described above for members 22 of the devices of FIGS.
20A-21B, and are resiliently biased to the expanded configu-
ration shown in F1G. 22 (in this case, a substantially, spherical
configuration) but are collapsible under force to reduce the
size of the device for passing it through a port or other small
opening in the patient. Device 10 can be optionally covered
with a membrane to prevent adhesions or ingrowth into the
device between struts 22. FIG. 22 illustrates self-expanding
device 10 having been positioned between the diaphragm 116
and stomach 120 and expanded against the stomach to deform
the stomach wall inwardly.

[0203] FIG. 23 illustrates a compound expandable device
10 having been positioned between the diaphragm 116 and
stomach 120 and expanded against the stomach to deform the
stomach wall inwardly. In this example, device 10 includes a
mechanically expandable portion 10m (shown as intersecting
struts 22, although other mechanically expandable configu-
rations, such as those described, can be substituted) with one
or more inflatable portions 10inf connected thereto. In the
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example shown inflatable members 10in/are attached to form
surface 10a, and can be independently inflatable, or fluidly
connected so as to be inflated through the same inflation
lumen. Upon inserting device 10, the mechanically expand-
ing portion 10m s 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.

[0204] FIG. 24 illustrates another variation of a mechani-
cally expandable device 10. Device 10 includes expandable
rings 22 that are mounted substantially parallel to one another
through guide tube 32. Rings 22 can be made from any of the
materials described above with regard to FIG. 19A, and are
resiliently biased to the expanded configuration shown in
FIG. 23. However, rings 22 can be deformed to a much
smaller cross-sectional configuration, b, “flattening” them
against the guide tube 32, as well as by squeezing them to
ovaloid shapes in directions perpendicular to guide tube 32. In
this regard, device 10 (with or without a membrane 26 enclo-
sure) can be maintained in compressed configuration by a
sheath (not shown) for deliver, through a port or other small
opening in the patient and advancement to a target location
where device 10 is to be positioned. Upon removing the
sheath, device 10 then self-expands to the configuration
shown in FIG. 24. Alternatively, when device 10 is enclosed
by membrane 26 as shown, membrane 26 can optionally be in
fluid communication with an external source of vacuum via
tube 12 (or, further optionally, through tube 32). In this case,
device 10 can be compressed to a small cross-section, com-
pressed configuration by drawing a vacuum on membrane 26.
Additionally, rings 22 can be optionally folded by mechanical
means (including by hand) against tube 32 and/or compressed
into the ovaloid shapes to assist the compression of the device
by applying vacuum to membrane 26. Any way, once in the
compressed configuration, the maintenance of vacuum
within membrane 26 is sufficient to maintain rings 22 in the
compressed configuration. By removing the vacuum on
membrane 26, rings 22 can self-expand as being biased to the
expanded configuration. Additionally, membrane 26 can be
pressurized via the same channel used to draw vacuum on the
membrane to compress device 10. Pressurization may be
temporary, to assist the expansion of device 10, or may be
maintained (such as by a pressure valve in an access mecha-
nism discussed below) to assist in providing pressure against
the stomach wall and/or to provide a softer interface between
device 10 and the stomach tall.

[0205] When in the compressed configuration, device 10
can then be inserted through a port or other small opening by
sliding tube 32 over a guidewire having been installed to lead
to the target surgical area, for example. Once properly posi-
tioned and expanded, the guidewire can be withdrawn, leav-
ing device in its intended position. Implantation of device 10
is reversible, as device 10 can be collapsed by drawing
vacuum on the membrane 26. Alternatively, rings 22 can be
individually removed from within device 10 to reverse the
implantation procedure.

[0206] FIG. 25 illustrates another example of a mechani-
cally expandable device 10 which can be self-expanding,
such as by biasing the struts 22 that extend from central spine
34 to the expanded configuration shown. Struts 22, in the
expanded configuration, extend from spine 34 similar to the
veins in a leaf. Struts 22 and spine 34 can be made from any
of the same materials described above for making struts 22 in
FIG. 20A. A membrane 26 can be provided to enclose struts
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2 and spine 34. Spine 34 can be provided to extend proximally
of membrane 26, such that when spine 34 is retracted in the
proximal direction with respect to membrane 26 (in the direc-
tion of the down arrow shown in FIG. 25), struts 22 are biased
inwardly toward spine 34, to a compressed configuration,
useful for delivering the device from a location external of a
patient to a surgical target site. Upon releasing tension on
spine 34 (or advancing spine 34 relative to membrane 26 in
the direction shown by the up arrow in F1G. 25), struts expand
to the expanded configuration shown in F1G. 25. Implantation
of device 10 is reversible, as device 10 can be collapsed by
drawing spine 34 proximally, in a manner as described above.

Surface Features

[0207] The external surfaces of devices are designed to
provide atraumatic, non-irritating interfaces with the internal
structures in the abdominal cavity that are to be contacted.
Surfaces 10a designed to interface with the stomach wall can
be smooth and designed to reduce friction therewith. Simi-
larly, surfaces 10p designed to abut another internal structure,
such as the diaphragm, abdominal muscles, or other structure
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. Alternatively, all or a
portion of a surface can be coated with a low friction material,
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.

[0208] In addition to providing a low friction surface,
reduction of irritations and/or prevention of adhesions with
hydrogels, linked surface polymers, or phosphorylcholine,
other treatments can be provided by a treatment- or drug-
eluting coating 40 over all or a portion of a device surface.
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 sub-
stances 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®, MYCI-
TAXOL®, orthe like; heparin; anti-inflammation, drugs such
as ibuprofen, acetaminophen or aspirin; steroidal anti-inflam-
matories such as fluticasone, mometasone, triamcinalone,
prednisone, methylprednisone or the like; other non-steroidal
anti-inflammatory drugs, and/or pain medications, such as
lidocaine, bupivacaine, etc. Additionally, or altematively,
device 10 canbe 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 sur-
face 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 con-
tinuous or intermittent timed release of the substance.
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[0209] Referring to FIG. 27, one or more surface portions
canbe 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 sub-
sequent ingrowth of tissue into the roughened or porous sur-
face 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 F1G. 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
ofthe device relative to the remainder of the expandable body.
FIG. 28 shows an example of this. Further, backings, patches
or reinforcing layers 16,40 can be used to reinforce attach-
ment of other structures to the expandable device, such as
anchors for example, e.g., see FIG. 13A. One or more loca-
tions on the surface of a device 10 can also be configured to be
radiopaque, as described in more detail below.

Anchoring

[0210] Although it mats be desirable to allow the stomach
and other organs in the abdominal cavity to move relative to
device 10, it s also desirable to anchor device 10 relative to at
least one internal body structure to prevent migration of the
positioning of device 10. FI1G. 28 illustrates a device with the
expandable member 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 con-
duit 12. Conduit 12 is typically flexible and can be made from
any or the polymeric materials described above for making
the inflatable, expandable member 10em. Typically silicone
or reinforced silicone can be used. In any case, conduit 12 is
constructed to be flexible and kink-resistant, and for connec-
tion to an inflatable, expandable member, to have low or no
permeability to pressurized fluids to be used to inflate expand-
able member 10em. Further, conduit 12 is formed to have
sufficient length to interconnect the expandable member with
adjustment member 80 when the expandable member is posi-
tioned in a target surgical area within the abdominal cavity,
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 subder-
mal location outside of the abdominal cavity. In these situa-
tions, 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. 29, 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 down-
wardly, which can be a direction that the expandable member
canbe urged to migrate by forces such as peristaltic activity of
the stomach; gravity, etc. Accordingly, adjustment member
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80 and conduit 12, in the arrangement described, without
further fixation, do not provide an anchor. However, other
arrangements are described herein where adjustment member
and conduit can be arranged to anchor the expandable mem-
ber 10em.

[0211] In order to prevent or minimize the potential of
migration, it is desirable to anchor the expandable member 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 alterna-
tively, 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 loca-
tion external of the patient, wherein adhesives can be flowed
or sprayed onto such structures.

[0212] Another anchoring mechanism can be provided by
placement 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). 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. In the example shown in FIG. 30,
suction members 44 are suction cups, although other configu-
rations of suction producing features can be substituted as
suction members (e.g., members having elongated suction
chambers, etc.).

[0213] FIG. 31A illustrates that anchoring can be per-
formed using one or more pairs of magnets 46 oriented to
attract to one another. In the example shown in FIG. 31A
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 subcutaneously 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 anchor-
ing. 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 alterna-
tively, 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.

[0214] 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. 31B. 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



US 2009/0036910 A1

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.

[0215] The conduit 12 interconnecting the expandable
member and adjustment member 80 of device 10 can be
configured to anchor the expandable member to an internal
structure. In the example illustrated in FIG. 32A, the expand-
able member of device 10 is anchored against the internal
surface of the abdominal musculature 127 or peritoneum, by
fixing conduit 12 at the external surface of the abdominal
muscles, where it passes through, conduit 12 can be provided
with a collar or suture ring to suture the conduit at this loca-
tion, or provided with other fixation features as described
below. Conduit 12 can be reinforced, especially in the loca-
tion between the proximal fixation to the location external of
the abdominal cavity and the expandable member, to with-
stand being maintained under tensile forces to anchor the
expandable member. Reinforcements can include fiber rein-
forcement, steel or polymer meshes or coils, etc. In FIG. 324,
adjustment member is fixed subcutaneously, in the subcuta-
neous fat 126, or alternatively to a subdermal layer ofthe skin.
Alternatively, adjustment member 80 can be placed just
proximally of the fixation of conduit 12 to the abdominal wall
and may not require further fixation in this instance.

[0216] Further alternatively, the expandable member of
device 10 can be anchored to one or more internal structures
by one or more conduits, rods, tethers, or other 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. FIG. 32B
illustrates a device having been positioned and expanded
between the diaphragm 116 and the stomach 120. Anchoring
member (in this example, a conduit) 50 is fixed to surface 10p
of the expandable member and extends through the dia-
phragm 116, where it is fixed against the external surface of
the diaphragm 116 by suturing or other fixation techniques
described herein. Additionally, in this example, conduit 12
passes through another location of the abdominal muscula-
ture and is not configured to anchor the expandable member,
but fluidly connects the expandable member with adjustment
member 80 which is fixed to an external surface of the
abdominal musculature or otherwise subcutaneously.

[0217] FIG. 33 shows another example of utilizing conduit
12 to anchor the expandable member of device 10 to a struc-
ture inside the abdominal cavity. In this example, device 10 is
positioned between the diaphragm 116 and stomach 120 and
expanded to press inwardly on the stomach 120, including,
the fundus portion of the stomach. The solid line shows the
stomach wall as depressed by the expanded device 10, and the
dotted line shows the natural position of the stomach wall
120, prior to placement and expansion of device 10. Although
the deformed stomach wall 120 and the surface 10q are shown
with a slight space therebetween in this and other figs. in this
disclosure, this is done for clarification to more easily identify
the interfacing walls of the stomach and device. Actually,
surface 40a is, of course, pressed against the outer surface of
the stomach wall 120. Conduit 12 is passed through the dia-
phragm 116, and by drawing on conduit 12, surface lop can be
abutted against the inner wall of the diaphragm 116, as shown.
Conduit 12 can be provided with threading around an external
surface thereof, at least in the region where anchoring is to be
performed, and a plastic or metallic stop member 52 (e.g.,
“nut”) having mating threads can be threadably adjusted over
the threaded portion of conduit 12 to anchor the expandable
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member against the diaphragm 116. Stop member 116 can be
adjusted by tightening or loosening via the threads, to
increase or decrease the force with which the expandable
member contacts the inner wall of the diaphragm 116. Other
anchoring arrangements can be substituted for the nut and
threading anchoring mechanism, as described herein. The
portion of conduit 12 that is proximal to slop member 52 need
not be held under tension, thereby reducing the possibility of
anchoring problems with adjustment member 80. Adjustment
member 80 can be anchored subcutaneously in any of the
manners described herein, as conduit 12 can be passed
between ribs 129 to connect adjustment member 80 with the
expandable member of device 10. When the expandable
device is an inflatable device, such as is shown in FIG. 33,
adjustment member contains a valve to allow pressurized
fluid to be inputted or outputted therefrom to increase or
reduce pressure in the expandable member, respectively. For
mechanically expandable members, adjustment member can
include a wire or other control mechanism for adjusting the
amount of expansion of the expandable member in any of the
manners described herein.

[0218] FIGS. 34A-34B illustrate another anchoring
arrangement for anchoring an expandable member of device
10 to an internal structure in the abdominal cavity. In this
arrangement, an expandable stop member 52 is provided, to
anchor a surface of the expandable member against an inter-
nal structure, such as the internal wall of the diaphragm, in a
similar manner to that described with regard to FIG. 33, or to
the internal wall of the abdominal wall, or peritoneum, or
other internal structure. Rather than a threaded nut stop mem-
ber 52 in this instance, is inflated, after being passed through
a wall of the structure that device 10 is to be anchored to.
Upon inflating stop member 52, it expands to have a cross-
sectional dimension that is incapable of passing back through
the opening in the wall of the structure, thereby anchoring a
surface of the expandable member against an internal wall of
the structure. A lumen 53 can be provided to inflate stop
member 52, and lumen 53 can run internally of conduit 12.
Additionally, a conduit that connects adjustment member
(not shown) to the expandable member of device 10 passes
through expandable stop member 52, as shown in phantom
lines.

[0219] FIG. 35 shows another variant of an anchoring
arrangement in which magnets 46 are arranged to anchor
surface 10p of the expandable member to the internal surface
of the diaphragm 116. The magnet 46 fixed to the expandable
device can be fixed by any of the techniques described above.
The magnet 46 that is drawn, by magnetic attraction, to the
outer surface of the diaphragm can be slidable over conduit
12. This magnet can optionally be additionally fixed by sutur-
ing or adhering it to the external wall of the diaphragm, for
example.

[0220] FIG. 36 illustrates a low profile adjustment member
80 that also functions as stop member 56 used to anchor a
surface of the expandable member of device 10 against an
internal structure in the abdominal cavity. Stop member and
adjustment member 56,80 includes wings 56a and 565 con-
figured to follow the contour of adjacent ribs between which
conduit 12 or a tether, connected to the expandable member,
is passed. For example, wings 564,565 can be curved to
generally follow the contour of the ribs 129. In the example
shown in FIG. 36, device 10 is positioned between the dia-
phragm 116 and stomach 120 and expanded to press inwardly
on the stomach wall via surface 104 and to abut the internal
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surface of the diaphragm 116 via surface 10p. In this example,
conduit 12 is provided and is passed though an opening in the
diaphragm, through the pleural space 131 and the chest wall
133, wherein it is connected to stop member 56. Conduit 12
can be coiled 12¢ to prevent or reduce the risk of shearing, in
the location shown. Stop member 56 includes a rigid tapered
housing 56/ (which can be metal or rigid polymer and can be
conical in shape) configured to be inserted between adjacent
ribs 129, as wings 56a,56b abut against the external surfaces
of the adjacent ribs 129 (or tissue overlying the ribs). In the
embodiment shown, the expandable member is an inflatable
member and conduit 12 fluidly connects the expandable
member with adjustment member 80 that is integrated with
stop member 56. An elastomeric seal 82 can be provided for
repeated entry into adjustment member and the valve (not
shown) contained therein, to inflate or remove pressurized
fluid from the expandable member. Although it is possible to
use elastomeric seal 82 (e.g., which can be made of elasto-
meric and/or gel material that reseals itself after a needle
puncture) only for flow control through conduit 12 and thus
into and out of expandable member 10em, typically an addi-
tional mechanically operated valve is included in the flow
path for such control, with elastomeric seal 82 acting as a
backup safety valve and also preventing other substances
from entering adjustment member 80. The additional valve
can be actuated by, docking an input mechanism (such as a
needle, or the like) with adjustment member 80. Alternatively,
a two-way, pressure activated valve can be installed that
allows flow therethrough (either input or output) only when a
predetermined pressure gradient across the valve has been
met or exceeded. The predetermined pressure gradient value
can be different in the input direction than in the output
direction. For mechanically expandable members, adjust-
ment member can include a wire or other control mechanism
for adjusting the amount of expansion of the expandable
member. In any case, stop member can be fixed to conduit 12,
(or a tether, or other slender elongated structure designed to
maintain tension between stop member 56 and the expand-
able member of device 10). Conduit 12 can be additionally
anchored at the location of the diaphragm using a nut, mag-
netic or other fixation mechanism described herein.

[0221] Theexpandable member of device 10 can be fixed or
tethered to an internal structure in the abdominal cavity with-
out piercing through the structure or through a wall of the
structure. FIG. 37A shows an example in which the expand-
able member of device 10 is tethered to two locations 58a,
585 on the internal surface of the wall of the diaphragm, such
as by using sutures, wires or other tensioning members
designed to be maintained under slight tension. There can
even be a slight amount of slack in the tensioning members, as
long as they substantially retain the device in its intended
location where it is placed. Tensioning members maintain
surface lop of the expandable member against the inner sur-
face of the diaphragm. Alternatively, as shown in FIG. 37B,
surface 10p can be fixed directly 58c¢ to the internal structure,
such as by suturing or other anchoring expedient as described
herein. FIG. 37C illustrates an example where expandable
device 10 is tethered to three anchor points, two on the inter-
nal wall of the diaphragm and/or ribs, and a third located
inferiorly in the abdominal cavity, such as on the peritoneum
or inner wall of the abdominal muscles. Tethers 59 are fixed to
the expandable member, or are threaded therethrough in a
manner as described below, and are fixed to the anchor points
by tying, clipping or other fixation expedient. FIG. 8 illus-
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trates features 60 that can be provided for routing one or more
tethers therethrough. Features 60 in FIG. 8 are openings pro-
vided through the polymeric walls of the inflatable member
10, which are dimensioned to allow a tether to pass there-
through. These features can also be useful for delivering
device 10 to the target surgical site via a tether or guidewire,
as will be discussed in more detail below. Such openings can
also be formed in the structural elements of mechanically
expanding devices to accomplish the same functions. Alter-
natively, loops 20 can extend from the external surface of the
expandable member to allow one or more tethers to be passed
therethrough.

[0222] FIG. 38 illustrates an inflatable device 10 in which a
conduit 124 extends through the inflatable device to allow a
suture or tether to be passed therethrough. A similar arrange-
ment can be provided through a mechanically expanding
device. Conduit 12a is sealed with the walls of the inflatable
member at both ends where it enters and exits the inflatable
membet, to allow the inflatable member to seal and be inflated
without losing pressure at these junctures. Note that a sepa-
rate conduit 12 is provided for inflation of the inflatable
member. The conduit 12 that passes through the expandable
member can be used, with a tether, suture or guide wire passed
therethrough, to deliver device 10 to a target surgical site
and/or to anchor device 10 to two anchor points 584,585 on
one or more internal structures. The suture, tether or other
tensioning member 59 can be cut off at the anchoring location
58a to complete the tethering procedure.

[0223] A variety of different fixation structures 62 can be
used to establish the anchoring of a suture, tether, wire, or
other tensioning member when tethering or suturing device
10 to an internal structure, including, but not limited to the
fixation structures illustrated in FIGS. 39A-39D. FIG. 39A
shows a T-bar configuration 624 that can be affixed to a distal
end of a suture, tether, or the like 59. T-bar 62a can be rotated
relative to the tether or suture 59 to align its longitudinal axis
with the longitudinal axis of the tether or suture 59 and so that
the sharpened end 624 points distally away from the distal end
oftether or suture 59. Upon inserting T-bar 62a through tissue
of an internal structure, tether or suture 59 can then be with-
drawn slightly proximally, whereupon T-bar 624 rotates to the
substantially perpendicular configuration shows, thereby
anchoring tether or suture 59 in the tissue of the structure.
[0224] FIG. 39B shows a coiled, or cork-screw type of
fixation structure 625 that can be fixed to the end of tether or
suture 59. If the tether, wire or other tensioning member 59 is
torsionally rigid, then the tensioning member 59 can be
turned from a proximal location to drive the coiled fixation
structure 625 into the tissue of the structure to be anchored to.
Otherwise, a tool can be used to engage the base 62ba of
fixation structure to turn it into the tissue.

[0225] FIG. 39C illustrates a barbed fixation structure 62¢
provided with a sharpened or pointed distal end 62s. Barbs
62r are resiliently flexible, such that when the distal tip is
driven into the tissue of the structure to be anchored to, barbs
62r deflect toward the main shaft of the structure 62¢ in the
directions of the arrows shown. Upon passing through the
surface layer of the tissue and into softer tissue, or upon
passing through a wall of the structure, the tensioning mem-
ber can be retracted slight proximally, whereupon barbs 62
extend outwardly in opposite directions, to resume the con-
figuration shown in FIG. 39C, thereby opposing the retraction
force and anchoring the tensioning member in the tissue.
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[0226] FIG. 39D illustrates a fixation structure 624 such as
a pledget, block or other enlarged structure that functions to
anchor the tensioning member. The other end of the tension-
ing member 59 can have a needle, or other sharpened, rigid
structure 62» affixed thereto. To establish the anchor, needle
62n is passed through a portion of the tissue (or a wall) of the
structure to be anchored to and directed back out of the tissue,
on the same side of the tissue entered, as illustrated. Tension-
ing member 59 is then drawn through the pathway in the
tissue established by needle 621 by drawing needle 627 proxi-
mally until enlarged member 624 abuts the surface of the
tissue, preventing tensioning member 59 from being drawn
further in that direction. The tensioning member can then be
tied off to complete the anchor.

[0227] Alternativeto orinaddition to providing loops 20 on
device 10 to be anchored to one or more internal structures,
loops 20 can be fixed to one or more internal structures to be
anchored to, as illustrated in FIG. 40. Loops 20 can be fixed to
the internal structure by sutures and/or using fixation struc-
tures 62 as described above. FIG. 40 shows loops 20 fixed to
device 10 which are sutured to loops 20 fixed to the internal
surface of the diaphragm 116. Alteratively, one or more
hooks 21 can be fixed to the internal structure to which device
10 is to be anchored. FIG. 41 illustrates a pair of hooks 21
having been fixed on the internal wall of the diaphragm 116 in
locations spaced to engage loops 20 on device 10. One end
21e of hook 21 can be passed into the diaphragm wall to fix
hook thereto, without passing entirely through the diaphragm
wall, or alternatively end 21e can be passed entirely through
the wall and then looped back into the tissue of the diaphragm
116. The other end ofhook 21 forms a loop like configuration,
with a slight opening 210 to receive loop 20 therethrough.
Upon receiving loop 20, opening 210 can be pinched off to
close the loop using graspers, or other tool to prevent loop 20
from escaping back out of the hook 21. Further alternatively,
hooks 21 can be provided to extend from device 10, to engage
loops fixed to an internal structure, or to be directly driven
into the internal structure, in which case, the hooks can be
barbed. Hooks 21 can be concealed from exposure until
device 10 is delivered to a target surgical site and ready to be
anchored, at which time, hooks can be revealed, such as by
drawing them out from the device using graspers or other
similar tool.

[0228] As indicated above, device 10 can be adhered to the
stomach 120 without penetrating the inner surface of the
stomach. FIG. 42 shows one embodiment in which device 10
is shaped to match the curvature or follow the contours of the
stomach 120. In this example, the expandable member of
device 10 expands by inflation. Device 10 is positioned
against the anterior surface of the stomach 120 as shown and
inflated to compress the stomach walls together under the area
covered by device 10 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 stomach 120 and/or the peritoneum or
diaphragm or chest wall or ribs, using a cyanoacrylate-based
adhesive or other biocompatible, surgically-approved adhe-
sive. 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
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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 and/or inflatable member shapes configured
to perform an anchoring function.

[0229] Alternatively, device 10 can be shaped to have an
anterogastric limb 10an and a retrogastric limb 107, each of
which are inflatable and shaped to match the curvature or
follow the contours of the stomach 120. FIG. 43 illustrates a
cross-sectional view of such a device 10. Limbs 10an and 107
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 10a» and 107
in a predetermined, juxtaposed configuration. In either case,
anterogastric limb loan, when device 10 is positioned on the
stomach, would appear the same as in FIG. 42, and retrogas-
tric limb 107 would cover a portion of the posterior surface of
the stomach 120 in substantially a mirror image of that shown
in FIG. 42. Upon expansion, limbs loan and 107 expand to
compress the anterior and posterior wall portions of the stom-
ach together, with the resulting effects as described in FIG.
42. The device 10 of FIG. 43 can be adhered to the stomach
120, as described with regard to the embodiment of FIG. 42,
but alternatively, the clamping action of limbs loan and 10~
can function to anchor device 10 with respect to the stomach
120 without the use of adhesives. Further optionally, inter-
mediate section 10i (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.

[0230] Further optionally, one or more resiliently biased
members can be incorporated into or around the limbs and
intermediate section of device 11. For the arrangement where
all sections are inflatable, such resiliently biased members
can be molded into the walls of the inflatable member. Resil-
iently biased members can be biased toward a configuration
wherein the limbs 10ar, 107 apply compressive force to the
walls of the stomach.

[0231] FIGS. 44A-44B illustrate another expandable mem-
ber 10em shape, and its use for deforming the stomach to
provide effects similar to that provided by a sleeve gastrec-
tomy, but without having to surgically remove a portion of the
stomach 120, or cut into the stomach 120 or staple the stom-
ach 120. In this procedure, device 10 can be positioned
between the diaphragm 116 and stomach 120 and expanded to
compress posterior and anterior portions of the lateral walls of
the stomach together. This compression can cause the walls to
contact, or nearly contact one another. The surface 10a of
expandable member 10em of device 10 is undulating in a
direction transverse to a longitudinal axis L of the expandable
member 10em, as can be seen in the cross-section view of
FIG. 44B taken along line 44-44 in FI1G. 44A. First and
second lobes 101 protrude at anterior and posterior portions
of surface 10a along substantially the full length of surface
104, while a recess or valley 10v is formed therebetween that
runs substantially over the full length of surface 10a. Surface
10p can be shaped to follow the curvature of the diaphragm in
alocation where it expands against the diaphragm. As shown,
expandable member 10em is an inflatable expandable mem-
ber, although a mechanically expandable member, or combi-
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nation of mechanically expandable portion(s) and inflatable
portions(s) can be substituted.

[0232] Whendevice 10is properly positioned as described,
and expandable member 10em is expanded, as shown in FIG.
44 A, the anterior and posterior portions of the cavity inside
the stomach 120 are closed offas described, leaving a narrow
channel 120w passing therebetween. Device 10 can be
anchored to the diaphragm and/or the ribcage and/or relative
to the stomach using one or more of the anchoring methods
and features described herein.

[0233] Another fixation or anchoring technique, where
adhesives are used for anchoring, includes the use of a recep-
tacle that is adhered to the stomach 120 and/or other internal
structure and is configured to receive the expandable member
of device 10. This allows easy reversibility of a procedure by
allowing the expandable member to be simply removed from
the receptacle without having to attempt to dissolve, cut or
otherwise reverse the anchoring produced by the adhesives.
Additionally, this arrangement allows another expandable
member to be inserted into the receptacle after removing a
damaged or faulty device.

[0234] FIG. 45 shows a device wherein receptacle 65 is
shaped and configured to receive inflatable member 10em
having a shape of the embodiment described in FIG. 42.
Receptacle 65 can be formed from flexible, thin walled, poly-
mer, such as silicone, latex rubber, polyurethane, etc. As
noted, receptacle 65 can be adhered to the stomach and/or one
or more other internal body structures using adhesive. Alter-
natively, or in addition thereto, receptacle 65 can be provided
with loops, tabs, or other anchoring structures 20 that can be
sutured or tethered to one or more internal body structures.
Anchoring structure 20 can be provided, for example on an
anterior surface of receptacle 65, as shown, and or on a lateral
surface, as shown. After receiving the expandable member
10em, receptacle 65 can be closed by suturing, VELCRO® or
other reversible closing expedients. Alternatively, by tether-
ing or suturing receptacle 65 to one or more internals struc-
tures, the tether under tension can operate to maintain the
receptacle 65 closed around the expandable member 10em. In
the embodiment shown, conduit include an inner non-fluid
permeable, flexible polymer, such as polyurethane or the like,
tubing 12 surrounded by a silicone outer tubing 120. The
shape of receptacle 65 can be varied to many different shapes,
like those discussed for the shapes of the expandable member
10em, for example. F1G. 46 A illustrates another example of a
device having a receptacle 65 that receives expandable mem-
ber 10em therein, and FIG. 468B illustrates the placement of
device 10 of FIG. 46A (in phantom lines) anteriorly on the
stomach to perform a procedure similar to that described
above with regard to FIG. 42.

[0235] Itshouldbe further noted that the geometry or shape
of the expandable member itself can function as an anchor by
engaging or wedging of portion thereof against an internal
structure in the abdominal cavity. For example, device 10 can
be anchored by wedging expandable member 10em in a loca-
tion 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 subdiaphra-
matic space, so that it becomes wedged between the dia-
phragm, the stomach, the spleen, the posterior and/or lateral
and/or anterior abdominal walls and the aorta, and the pan-
creato-splenic ligament.
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[0236] An adjustment member 80 can be connected to the
expandable member via a conduit 12, as already described.
Although in 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. An
adjustment member is not necessarily required for an inflat-
abledevice, either, e.g., such as in the case of the self-inflating
device described above with regard to FIGS. 19A-19B, or as
shown in FIG. 19C. The expandable member 10em shown in
FIG. 19C has 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 127 with an expandable
tip 124 is attached to the expandable member 10. The expand-
able member is positioned in the desired location with
expandable lip 12¢ in its enlarged configuration. The expand-
able tip 12¢ 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 12#. When the desired size is reached, the expandable
lip 12¢ is collapsed, the removable inflation tubing 12r is
retracted and the tip 12¢ is removed through the self-sealing
valve 15. This embodiment makes the procedure shorter and
less complicated by removing the implanted conduit and
adjustment member 80 described above in other embodi-
ments. 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.

[0237] FIG. 47 illustrates a sectional view of device 10
having an inflatable expandable member 10em in fluid com-
munication 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 mecha-
nism 82 is provided to maintain the pressure within expand-
able member 82 and to only selectively allow fluid to be
inputted to or extracted from expandable member 10em. For
example, valve mechanism 82 can comprise an elastomeric
seal (e.g., made from “self-sealing” silicone) to allow entry
into port 82 via a needle or other appropriately configured
delivery mechanism and/or an additional valve mechanism as
described previously.

[0238] Adjustment member 80 should be anchored where it
will be easy to be located from outside the patient to access it
for maintenance or adjustment of the volume within the
expandable member. In this regard, anchoring of adjustment
member 80, such as by suturing, and/or other fixation means,
subcutaneously to an inner layer of the skin, as illustrated in
FIG. 48A, places it closest to the outside of the patient for
easiest access. Accordingly, a surgeon may find this location
of adjustment member 80 the easiest implantation location to
later find the adjustment member and properly align and
engage an inflation needle in port 84. Also, length require-
ments for an inflation needle used are minimized. However,
this placement can present aesthetic issues, as adjustment
member 80 can begin to show as a protrusion against the skin
125, due to the length of the conduit 12 between the skin 125
and the abdominal wall (e.g., abdominal muscle) 127, as
conduit 12 will typically be anchored and/or adhered to the
abdominal wall 127 and therefore the length of conduit 12
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between the abdominal wall 127 and skin 125 remains fixed,
while the thickness of the fat layer 131 reduces as weight is
lost.

[0239] Alternatively, adjustment member 80 can be
attached adjacent the abdominal wall 127, as illustrated in
FIG. 48B. This makes location of adjustment member 80 by
the surgeon for maintenance or adjustment procedures some-
what more difficult, and requires a longer needle or inflation
tool to reach port 84, but doesn’t cause aesthetic problems
when weight is lost, due to the reduction in the thickness of
the fat layer 131, as some fat layer thickness generally
remains.

[0240] Inorder to provide assistance in locating adjustment
member 80 and properly align an inflation tool with port 84,
FIG. 49 illustrates a partial sectional view of an arrangement
in which adjustment member 80 is provided with magnets 46
peripherally on a proximal portion thereof that faces toward
the skin 125 of the patient. At least one pair of oppositely
disposed magnets 46a are typically included, and three or
more magnets can be disposed radially about the perimeter of
the face of adjustment member 80. Magnets 46a can be fixed
to adjustment member by any of the techniques described
above, and can be fixed to the surface of the face of adjustment
member 80, inserted into recesses in the face so that the
surfaces of magnets 46 are flush with the face of adjustment
member 80, or embedded within the adjustment member 80,
beneath the face.

[0241] Adjustment member 80 can be fixed by suturing
and/or other fixation features, as described above. FIG. 50
illustrates an example of adjustment member 80 provided
with suture loops 20. Alternatively, the adjustment member
can be provided with a suture collar of material that is easily
pierced by a needle, but resistant to radial tearing out of the
sutures once they have been placed. Other fixation features
can be alternatively or additionally provided, such as staples,
hooks, barbs, adhesives or mesh located at the edge of adjust-
ment member 80 or at the output conduit 86. In the example
shown in FIG. 49, adjustment member 80 is fixed just beneath
the skin 125. However, this arrangement can also be used
when adjustment member is fixed to the abdominal wall as
described with regard to FIG. 48B. Inflation tool 210 is pro-
vided with a housing or main body 212 that is configured and
dimensioned to be comfortably held in the hand of an opera-
tor, and thus functions as a handle. Main body 212 contains a
fluid reservoir 214, that typically holds a pressurized gas
supply, but can hold liquid. Reservoir 214 is in fluid commu-
nication withinflation needle 216 via a pressure regulator 218
and a pressure meter 220 that can be mounted in the surface of
housing 212, or housing 212 can be provided with a window
to permit visualization of the pressure meter 220. Inflation
needle 216 is configured and dimensioned to be docked into
port 84 after piercing through valve 82 to deliver the pressur-
ized pas (or withdraw gas) through conduit 12. Needle 216 is
designed to have sufficient length to reach port 84, and this
length can vary depending upon the location that the adjust-
ment member is fixed to. The distal face of tool 210 is pro-
vided with magnets 465 positioned to align with magnets 46a
on adjustment member 80. Magnets 465 are oriented on tool
210 so that the polarity of the magnets of the distal faces of
magnets 465 is opposite to the polarity of the proximal facing
surfaces of magnets 46a of adjustment member 80. Accord-
ingly, a surgeon can locate the general location of adjustment
member 80 by palpitation or using imaging tools, for
example. Once the general location has been identified,
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needle 216 is inserted in the center of the location identified.
Magnets 465 on tool 210 are attracted to mating magnets 46a
on adjustment member 80 as needle 216 is inserted, thereby
acting as a homing mechanism and accurately aligning tool
210 with adjustment member 80 to facilitate the docking of
needle 216 into port 84.

[0242] FIG. 51 illustrates an adjustment member having a
feature designed to prevent flipping (i.e., a situation where an
access port rotates about it’s longitudinal axis so that it no
longer lays flat against the abdominal wall or other position
where it was attached). By offsetting the output conduit 86
from the input and port 84 of adjustment member 80 as shown
by the comparing the longitudinal axis L1 of the output con-
duit 86 to the longitudinal axis [ of the input and port 84, the
output conduit 86 acts to stabilize adjustment member 80
more when needle 216 is docked in port 84 and potentially
applying pressure thereto, as counter-torque is provided by
the conduit 86 over the lever arm generated by the distance
between L and L1. Additionally a collet 88, or other reinforc-
ing structure can be fixed to the abdominal wall 127 and
surrounding conduit 86, to further reinforce the conduit
against torquing forces generated by the needle 216 against
the adjustment member 80.

[0243] FIG. 52 illustrates an adjustment member 80 pro-
vided with a variation of a magnetic homing arrangement. In
this arrangement, magnet 46 is fixed within port 84, such as in
a center position of the adjustment member 80 aligned with
the longitudinal axis L. The output conduit is offset like that
described above with regard to FIG. 51. Needle 216 can be
provided with a magnet that seeks magnet 46 in adjustment
member 80, or alternatively, a metal needle can be magneti-
cally drawn to magnet 46 upon insertion of the needle 216
through layer 82, thereby homing the needle into a desired
location to deliver pressurized fluid through port 84 and out of
the outlet conduit 86.

[0244] FIG. 53A is a cutaway illustration of an inflation
needle provided with a safety valve mechanism for prevent-
ing inadvertent flow of gas or liquid into a patient, such as in
the subdermal fat layer, for example, if the needle has not yet
been properly docked in port 84, and FIG. 53B illustrates use
of needle 216 with an adjustment member of a type described
above with regard to FIG. 52. Needle 216 is configured for
side delivery of pressurized fluid through side opening 222.
The distal end of needle 2164 is pointed or otherwise sharp-
ened to pierce through the skin and fat layers of the patient, as
well as self-sealing layer 82 for docking with port 84. Needle
216 is preferably anon-coring needle, to minimize the breach
of the layer 82 to facilitate resealing. A spring loaded valve
mechanism 224 is provided in the distal end portion of needle
216 to maintain opening 222 sealed shut when needle is not
properly docked with port 84 to prevent outflow of pressur-
ized fluid through opening 222. The distal end 216 of needle
216 is closed off so that pressurized fluid does not flow
therethrough. The valve seal 2245 is magnetic, and configured
and oriented to be attracted to magnet 46 in adjustment mem-
ber 80 (FIG. 53B). A compression spring 224c¢ is interposed
between valve seal 224s and the distal end of needle 216,
within the distal end portion of needle 216. Thus, valve seal
224s is slidable within needle 216 and is resiliently biased
toward the sealed or closed configuration shown in FIG. 53A.
[0245] Upon piercing member 82 in a location estimated to
be aligned with magnet 42 and advancement of needle 216
into adjustment member, valve seal 224s remains in the
closed configuration until it gets close enough to magnet 46 to
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cause the attractive magnetism between magnet 46 and valve
seal 224s to become great enough to overcome the biasing
force of spring 224¢. At this time, biasing spring 224 com-
presses as valve seal 224sis drawn toward magnet 46, thereby
exposing opening 222 to the flow of pressurized fluid, as
shown in FIG. 53B. Pressurized fluid then either flows out the
side of needle 216 or is drawn in through opening 222,
depending upon whether the operator is increasing or
decreasing the pressure in the expandable device. When suf-
ficient flow has been delivered, needle 216 is retracted, and
valve seal 224s closes opening 222 before opening 222 passes
back through member 82.

[0246] FIG.53C is a sectional view of an adjustment mem-
ber 80 with curved hooks 228 attached to self-sealing valve
230. The bottom of adjustment member 80 is placed on the
abdominal wall and the self-sealing valve housing is pressed
down by the physician which deploys the curved hooks 228.
FIG. 53D is a sectional view of an adjustment member 80
with curved hooks 228 attached thereto. Initially, curved
hooks 228 are held constrained in outlet conduit 86. Outlet
conduit 86 is connected to conduit 12 in the patient and then
adjustment member 80 is retracted slightly allowing the
curved hooks 228 to be released from the outlet conduit 86
and pulled into the abdominal muscle to anchor the adjust-
ment member 80 thereto.

[0247] FIG. 54 illustrates another variation of a homing
mechanism provided in adjustment member 80 and delivered
needle 216. In FIG. 54, the adjustment member is shown
having been fixed to the internal wall of the abdominal
muscle, such as by sutures, clips, staples or the like, passed
through loops 20 or other fixation features provided on adjust-
ment member 80. It is noted that all other embodiments of
adjustment member 80 described herein can also be option-
ally fixed to the internal surface of the abdominal wall 127
similarly. Port 84 of adjustment member is surrounded by
coils 87 that are electrically connected to an electronic circuit
89. Needle 216 has a coil 226 wrapped around a distal end
portion thereof that is configured to pass through and be
located within coil 87 when the distal tip of needle 216 docks
with port 84. An electrical wire 227 extends along, preferably
within, but it can pass externally of needle 216 for connection
to an electrical power source proximally of needle 216, and is
electrically connected to coil 226. Electrical power is applied
to coil 226 when needle 216 is inserted into adjustment mem-
ber 80. When the distal tip of needle 216 is properly docked
with port 84, the electro-motive force (emf) induced by coil
226 within coil 87 is sensed by circuit 89 which sends a signal
to the operator of the needle indicating the field strength of the
emf. An RF wireless signal or ultrasound or magnetic pulse
can be used to send a signal to the operator of the needle. The
circuit on the receiving end in the RF/electromagnetic case is
a magnetic field. A signal is sent by the coil on the needle
which induces a current in the coil in the implant. That current
loads a capacitor with or without a switch and powers a small
transmitter circuit which sends a signal back to the same or a
different coil which then sends a response signal to a coil on
the needle. The response signal received by the coil on the
needle is then sent to an amplifier in the handpiece where it
can be detected by the physician or other operator. A thresh-
old minimal field strength can be shows on a monitor gauge,
which is a level beyond which the operator can conclude that
the needle 216 is properly aligned and docked in port 84.

[0248] FIG. 54A illustrates a method of filling the expand-
able member with a pressurized gas. Attached to needle 216 1s
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avalve 225 with an inflation tool 210. A gauge 226 is attached
to another opening on valve 225. Initially, the needle 216 is
inserted in adjustment member 80 with valve 225 set to mea-
sure the pressure in the expandable member via gauge 226
with the gas source 227 closed off to the gauge and needle.
The valve 225 is then moved to close off fluid access to
adjustment member 80 and open the gas source 227 to infla-
tion tool 210 to fill the inflation tool with the desired amount
of gas. The valve to the gas source is then closed and opened
to the needle. The inflation tool 210 is used to inject gas into
the expandable member via the needle 216 and adjustment
member 80. This process is repeated until the desired volume
and/or pressure is reached in the inflatable member.

Intra-Gastric Sizing

[0249] Visualization of the deformation of the stomach
caused by expanding one or more expandable members 10em
thereagainst can be carried out endoscopically, fluoroscopi-
cally, ultrasonically or using some other visualization tech-
nology (or can be viewed directly if an open surgical proce-
dure 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 car-
ried 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
expansion of the one or more expandable members.

[0250] FIGS. 55A-55B illustrate two 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
expanding the expandable member 10em of device 10, which
can be before or after positioning device 10 in the desired
surgical target area, intra-gastric sizing device 310 is passed
trans-orally into the patient and advanced until sizing member
31m is positioned within the cavity of the stomach 120, see
FIG. 55A. Sizing member 310 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. 55A, having an
enlarged cross-sectional area configured to define a dimen-
sion of the reduced-volume intra-gastric cavity to be estab-
lished by forces from extra-gastric device(s) 10. Sizing mem-
ber can be inflatable (such as the example shown in F1G. 55A)
or mechanically expandable, using any of the construction
configurations discussed above with regard to expandable
members 103m. Sizing member 310 can be expandableto a
predetermined expanded size, or can be adjustable expand-
able, to vary the cross-section area of sizing member over a
range of expanded sizes.

[0251] When sizing member 310m has been properly posi-
tioned within the stomach as desired, which can be confirmed
using visualization techniques, expandable member 10em is
next expanded to begin pressing on the wall of the stomach
120. Expandable member 10em can be expanded until it has
been visually confirmed that the inner surface of the wall of
the stomach 120 that expandable member 10em is pressing
against contacts sizing member 310m. Alternatively, sizing
member 310m caninclude a pressure sensor that measures the
pressure within sizing member 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 and expansion of expandable
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member 20em can continue in this case until a predetermined
amount of pressure or strain has been measured. Further
alternatively sizing member 310m can be 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 310, wherein expansion of expand-
able member 10em can be halted when a predetermined dis-
tance between the inner surface of the stomach wall and the
sizing member 310m has been achieved.

[0252] FIG. 56 illustrates intra-gastric sizing device having
been passed trans-orally through the mouth 2 of patient 1 and
positioned in the stomach 120 as described above. Conduit
312 is of sufficient length so that a proximal end portion
thereof extends out of the mouth 2 of the patient 1 when
expandable member 310m is positioned in the desired loca-
tion within the stomach cavity. A valve or stopcock 314 can be
provided at the proximal end of conduit 312 to control the
delivery of fluids therethrough, as well as to maintain the
fluids used to expand member 310 (when expandable mem-
ber 310m is an inflatable member) under pressure. Conduit
312 can contain multiple lumens, such as shown in FIGS.
57A-57B, and can include a first lumen 316 for delivery or
withdrawal of pressurized fluid to or from expandable mem-
ber 310m. A second lumen 318 can be provided to opento the
outside of expandable member 310m and can be used to
irrigate the stomach cavity (such as with saline, for example)
to apply suction to withdraw contents within the stomach
cavity, and/or to deliver a contrast agent into the stomach
cavity. In addition to the straight, elongated (“hot-dog
shaped”) and curved, elongated (“banana shaped™) configu-
rations of expandable member 310m shown in FIGS. 57A-
57B, expandable member can alternately be formed to be
substantially spherical or “donut shaped” (FIG. 57C), elon-
gated with a spherical or bulbous proximal end (FIG.57D) or
curved, elongated and tapered (“pepper shaped”) (FIG. 57E).
Other configurations can also be employed. To create a better
proximal shoulder, the proximal end 310p of inflatable mem-
ber 310m can be rolled in upon itself to form a separation or
gap 10g between conduit 312 and proximal end 310p, as
shown in FIG. 57F. Essentially, the goals of all these shapes is
to find an optimum configuration to limit the available vol-
ume for stomach expansion, produce more rapid satiety mini-
mize discomfort, minimize any poor cosmetic effects, reduce
any pressure points on the stomach, fit more seamlessly into
the surrounding anatomy without damaging any peripheral
structures such as the spleen or acrta, and/or improve stability
of the implant.

[0253] FIGS. 58A-58C show examples of cross-sectional
illustrations of different configurations for providing lumens
316 and 318 to pass through expandable member 310m. The
expandable member 310m, when inflatable, can be formed of
asoft elastomeric material, such as silicone or latex rubber, or
the like. A dual layer expandable member can include a soft
elastomeric material as the outer layer or outer inflatable
member and a less porous inner layer or inner inflatable
member, such as described previously for construction of
expandable member 10em. A mechanically expandable mem-
ber 310m can also be coated with a soft elastomeric polymer.
A composite expandable member that includes both
mechanically expandable and inflatably expandable compo-
nents can be constructed, similarly to what was described
above with regard to construction of expandable member
10em.

Radiopacity

[0254] Portions of device 10, as well as device 310 and
other devices that are either temporarily or permanently
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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. 59, the adjustment member is
formed partially of metal and can thus be detected radio-
graphically. Conduit 12 can be provided with a radiopaque
stripe 330 running the length thereof, bands circling the con-
duit 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 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.

[0255] The radiopaque markers can be adhered to the sur-
faces of the components, or, for polymeric components
molded into the polymer of the components. Further, radio-
paque contrast agent can be delivered into the cavity, of the
stomach to visualize the stomach cavity volume wider 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.

Tools and Instruments

[0256] In addition to the tools and instruments already
described above, this section describes details of tools and
instruments that can be used to facilitate the implantation of
devices described herein. Additional tools and instruments
can be described and referred to in the “Methods™ section
below.

[0257] FIG. 60 shows an instrument (e.g., deliver device)
350 for delivering an extra-gastric expandable device 10 to a
target surgical location within the abdominal cavity of a
patient. Instrument 350 is designed to deliver device 10
through a port or other small opening during a minimally
invasive procedure. Instrument 350 includes a blunt, atrau-
matic distal tip or “nosecone” 352 that is configured to be
driven through a small access opening to guide the instrument
350 and device 10 to the target surgical location. Some blunt
dissection can also be performed using distal tip 352, if
needed. Distal tip 352 is connected to drive handle 354 by a
slender rigid rod 356 that permits distal tip 352 to be driven by
pushing on handle 354, without buckling of rod 356. Expand-
able device 10 (shown in phantom lines) is received, in a
contracted configuration, within rigid or flexible cannula 358
which is slidable over the length of rod 356. If rigid, cannula
358 can be articulated and steerable to direct device 10 to the
intended location. At least the proximal end portion of nosec-
one 352 is receivable within the distal opening of cannula
358, as shown in FIG. 60. Device 10 can be folded in the
compressed configuration around rod 356 or can extend adja-
cent rod 356. A stop member 360 is provided in the proximal
end portion of cannula 358 and is fixed with respect to can-
nula 358 while being slidable over rod 356. Thus, stop mem-
ber 360 functions to help keep cannula 358 centered over rod
356 and prevent device 10 from sliding out the proximal end
of cannula 358 as cannula 358 is slid distally with respect to
rod 356. In this way, stop member 360 can also function as a
pusher to drive device 10 distally. A locking mechanism 362
can be provided to maintain the cannula in the distal most
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position shown in FIG. 60. As shown, locking mechanism 362
comptises a brace that connects handle 354 with the proximal
end of cannula 358. However, other locking mechanisms can
be substituted, as would be apparent to those of ordinary skill
in the art. The functioning of delivers device 350 is described
in further detail below in the “Methods” section.

[0258] Thedelivers and placement of expandable device 10
can be performed under various imaging guidance, such as
X-ray, ultrasound, direct visualization and/or visualization
with a camera and/or endoscope. For visualization using an
endoscope, the endoscope tip, which typically includes the
viewing port or lens can become obscured by tissues or organs
in the abdominal cavity when traversing the endoscope into
the abdominal cavity, without insufflation, to attempt to
locate and identify a desired view. In order to provide a clear
view in a percutaneous procedure, the distal end portion of
endoscope 365 is fitted with a cage 367 to keep tissues and
organs from contacting the lens or viewing port 369 at the
distal tip of the endoscope, as illustrated in FIG. 61. Cage 367
can be permanently fixed to endoscope 365 by adhesives,
various forms of welding or other fixation means, or can be
removable, such as by a threadably attaching cage 367 to
endoscope 365. Cage 367 can be compressible and self-ex-
panding so that cage 367 can be compressed for insertion
through a minimally invasive port or opening, after which it
expands when it enters the abdominal cavity.

[0259] FIG. 62 is an illustration of a tool 370 useful for
placement and connection of adjustment member 80 to con-
duit 12. The distal end portion includes a grasper-like clamp
mechanism 372 that is operable to clamp down on conduit 12
by squeezing handles 374 together. Portions of clamp jaws
372 can optionally include opposing cutting edges so that
conduit 12 can be cut to a desired length using the same tool.
Alternatively, separately operable cutting jaws (not shown)
can be provided to be operated independently of the clamping
jaws. A tube 376 thatis slidable over the main shaft 375 oftool
370 includes an adjustment member mount 378 that is con-
figured to releasably hold adjustment member. For example,
mount 378 can be formed of spring steel biased to a curvature
to compress against adjustment member 80 when wrapped
around adjustment member 80. When conduit 12 is of accept-
able length or has been cut to an acceptable length and then
clamped by the jaws of clamping mechanism 372, adjustment
member 80 having been mounted in mount 378 is advanced
toward conduit 12 by sliding tube 376 distally with respect to
main shaft 375. Conduit 86 is then driven into conduit 12 to
form a fluid tight connection by pressure fitting. The connec-
tion can optionally be further secured by adhesives, healing,
or installation of an external clamp around the proximal end
portion of conduit 12 to further compress it against conduit
86, for example. Jaws 372 are then released from conduit and
withdrawal of tool 370 breaks adjustment member 80 free of
mount 378.

[0260] FIG. 63 shows another embodiment of an inflation
tool 210 that can be used to access adjustment member 80 for
delivery or withdrawal of fluid to or from device 10. Inflation
tool 210 is provided with a housing or main body 212 that is
configured and dimensioned to be comfortably held in the
hand of an operator, and thus functions as a handle. Main
body 212 can contain a fluid reservoir 214 that typically holds
a pressurized gas supply, but can hold liquid. Alternatively,
t001 210 can be connected to an external source of pressurized
gas or liquid. Reservoir 214 is in fluid communication with
inflation needle 216 via a pressure regulator 218. A pressure
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meter 220 is in fluid communication with needle 216 to mea-
sure the amount of pressure therein, and is mounted on the
surface of housing 212 to permit visualization of the pressure
meter 220. A control knob 221 is provided that can be
switched (e.g., rotated) to open the fluid pathway between
reservoir 214 and needle 216 for the input of pressurized fluid
to device 10, or to close the reservoir 214 off and divert the
fluid pathway leading to needle 216 for withdrawal of pres-
surized fluid from device 10. Additionally, or alternatively,
control knob 220 can be set to a predetermined pressure
reading, to deliver or withdraw pressure until the predeter-
mined, set pressure level has been achieved, at which time
flow between the instrument and the adjustment member 80 is
automatically shut off. Inflation needle 216 can be configured
according to ant of the embodiments discussed previously. In
the example shown, inflation needle includes side opening
222 and optionally can contain the safety valve mechanism
224 (not shown).

Methods

[0261] Inaddition 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 meth-
ods that can be employed, as alternative techniques, place-
ment of devices, anchoring of devices, locations or structures
to which devices are anchored, etc. can be employed.

[0262] FIGS. 64A-64G illustrate steps of a method of per-
cutaneously implanting an expandable extra-gastric device
according to one embodiment of the present invention. At
FIG. 64A, a veress needle 501 or other instrument is used to
access the abdominal cavity. A conventional veress needle
does not have a lumen for a guidewire. By adding a small
sheath outside the shaft of the veress needle apparatus, a
modified veress needle is created such that a guidewire can be
easily introduced through the sheath. With visual guidance
such as by fluoroscopy, ultrasound, or endoscope, for
example, a guidewire 502 is advanced to a surgical target area
506, passing between the liver 121 and the peritoneum 127
and between the stomach 120 and peritoneum 127, as illus-
trated in FIG. 64B. Next, a side-deploying needle catheter
508 is advanced over guidewire 502 to form an opening from
the target area 506 to outside of the body, and a body floss wire
510 is advanced through the catheter 508 so as to extend from
the opening formed by the veress needle and the opening
formed by the needle catheter and traverse the distance ther-
ebetween, inside the peritoneum, see FIG. 64C. Alternatively,
the side deploying needle 508z of side deploying needle
catheter 508 may only need to be deployed into the tissue
external ofand adjacent to the peritoneum (the tissue adjacent
to the peritoneum is muscle first, then fat, then skin) and not
have to extend back out through the skin 125 if the body floss
wire is provided with a fixation structure 62 (e.g., such as one
of the fixation structures described above with reference to
FIGS. 39A-39C, or the like) at a distal end thereof, which
facilitates fixation of the distal end of guidewire without
having to pass back out of the skin as illustrated in FIG. 64D.
[0263] After placement of the body floss wire 510, side-
deploying catheter 508 and guidewire 502 are withdrawn,
leaving the body floss wire as show in FIGS. 64E-64F,
depending upon whether or not a fixation structure 62 was
attached to the distal end of body floss wire 510. Further
optionally, a needle catheter that deploys from the distal end
thereof (“front-deploying catheter) can be used in place of
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side-deploying catheter 508. In this case, once the front-
deploying catheter is placed over the guidewire, guidewire
502 is withdrawn to allow routing of body floss wire 510
through the front-deploying catheter. Alternatively,
guidewire 502 can be configured to function as the body floss
wire, in which case guidewire 502 would not need to be
withdrawn, but would rather be directed through the perito-
neum 127 and anchored or passed out of the skin.

[0264] When the distal end of body floss wire 5100 or
guidewire 502 is passed back out through the skin, as illus-
trated in FIG. 64F it is tied off or otherwise secured from
outside of the body. Once body floss wire 510 has been
distally secured by either method, device 10 is ready to be
delivered to the target surgical site. As illustrated in F1G. 64G,
expandable member 10em of device 10 is provided in a com-
pressed configuration, which can be folded if expandable
member 10em is noncompliant or semi-compliant, but is sim-
ply contracted if expandable member 10em is compliant. A
rail 512 is fixed longitudinally along expandable member
10em and conduit 12 and is configured to ride over body floss
wired 510 during the delivery of device 10 to the target
surgical site. FIG. 64G also illustrates inflation ports 12p in
conduit 12 used to inflate expandable member 10em. Rail 512
of device 10 is threaded over body floss wire 510 and device
10 is passed through the proximal opening where body floss
wire 510 enters the body, by sliding device 10 over the body
floss wire 510. Device 10 is advanced uniil its distal end is
positioned at or near the target surgical location 506. Adjust-
ment member 80 is fixed in one of the positions described
above, and expandable member 10em is inflated by delivering
pressurized fluid through adjustment member 80 and conduit
12. The proximal end portion of the body floss wire can be
tied off against adjustment member 80, thereby anchoring
expandable member by tethering it to this location and at
location 506. The lumen that rides over the guidewire will
typically be adjacent to adjustment member 80 and not pass
through it. However, it ma be rigidly attached to adjustment
member 80 which in turn is anchored to the body, as described
above, and this secures the lumen. Prior to, or after inflation,
expandable member 10em can optionally be additionally
anchored at one or more locations using any of the anchoring
techniques and features described above.

[0265] FIGS. 65A-65G illustrate steps of a method of per-
cutaneously implanting an expandable extra-gastric device
110 according to another embodiment of the present inven-
tion. A veress needle 501 or other instrument is used to access
the abdominal cavity, see F1IG. 65A. Theribs 129, in this case,
the left ribs, are illustrated as overlying diaphragm 116 which
forms a superior boundary of the abdominal cavity. After
removing the tool used to form the access opening into the
abdominal cavity, instrument 350, containing device 10 in a
compressed configuration within cannula 358 is inserted into
the opening, with distal tip 352 functioning to further dilate
the opening to traverse the abdominal cavity without damag-
ing organs or other structures therein. In the illustration of
FIG. 65B, cannula 358 is shown in a proximal most location
with respect to distal tip 352, to be distally advanced in a later
step, as described below. Accordingly, cannula 358 is pro-
vided with a tapered, atraumatic distal end portion 3584.
Distal end portion 3584 is flexible enough to expand to
accommodate elements passing there through. Alternatively,
cannula 358 (and device 10 within) can be advanced to a distal
most position (e.g., see FIG. 59), and advanced through the
opening along with distal tip 352. In this instance, distal end
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portion 3584 is omitted, as the distal opening of cannula 358
interfaces with the proximal end portion of distal tip 352.
After inserting distal tip 352 (and optionally, cannula 358 and
device 10) into the abdominal cavity as illustrated, device 350
is then rotated into a position to point the distal tip 352 of tool
350 toward the target surgical location, as illustrated in phan-
tom in FIG. 65B. In this example the target surgical location
is the inner surface of the diaphragm 116 on the left ribs 129
side, although other target locations for implantation of
device 10 can be chosen, as noted previously.

[0266] Tool 350 is next advanced toward the target surgical
area until distal tip 352 reaches the target surgical area as
illustrated in FIG. 65C. Cannula 358 and device are then slid
distally with respect to shaft 356 until the distal end of can-
nula 358 contacts or is closely adjacent to the proximal end
portion of distal tip 352, as illustrated in FIG. 65D. Note, that
in the optional procedure where cannula 358 and device 10
are positioned in their distal-most positions relative to 356
when initially inserting distal tip into the opening, this step
will be omitted. In either case, cannula 358 is next retracted
(i.e., slid proximally with respect to rod 356) while maintain-
ing tip 352 stationary, such as by steadying handle 354 and/or
shat 356. As cannula 358 is retracted, device 310 is left in
position in the target surgical area, as illustrated in FIG. 65E.
Expandable member 10em is next expanded to an expanded
configuration as illustrated in FIG. 65F. If expandable mem-
ber 10em is an inflatable member or a portion of expandable
member 10em 1s inflatable, then inflation can be performed by
inputting pressurized fluid through adjustment member 80
using one of the inflation tools 210 described above, or other
pressurized fluid source. If all or a portion of expandable
member 10em is a mechanically expandable member, then
the mechanically expanding member can self-expand upon
retraction of cannula 358, or can be expanded using one of the
techniques described above. Tool 350 can then be removed
from the patient (FIG. 65G) leaving the expanded device 10 in
place at the surgical site. Expandable member can be
anchored to one or more internal structures, such as the dia-
phragm 116, internal surface of abdominal wall, or other
structure, at one or more locations, using any of the tech-
niques and anchors described above. Adjustment member 80
can be fixed in one of the locations described above using one
or more of the fixation techniques described.

[0267] FIGS. 66A-66L illustrate device 10 and steps of a
method of percutaneously implanting device 10 according to
another embodiment of the present invention. FIGS. 66A-
66C show side, top and inverted front views of device 10 to be
implanted by the method described. Like the embodiment
shown in FIG. 3L, expandable member 10em of device 10 has
a bulbous superior portion 10sx and an inferior portion 10in
having a reduced cross-sectional area that join to form con-
cavity 10cs on surface 10a.

[0268] An incision is made through the skin 125 of the
patient 1 as shown in FIG. 66D, in a location where device 10
is to be inserted through. For example, the location can be in
the vicinity of 126 shown in FIG. 1. After dilation and initial
blunt dissection of the fat layer, a cannula 535 is installed to
provide an opening into the abdominal cavity. As shown in
FIG. 66E, an endoscope 537 can be inserted through cannula
535 to view the abdominal cavity and locate the appropriate
entry route for delivery and placement of device 10. Endo-
scope 537 can be configured to pass guidewire 502 there-
through, so that the distal end of guidewire 502 can be placed
initially between the stomach 120 and diaphragm 116 under



US 2009/0036910 A1

endoscopic visualization. After initial placement of the distal
end of guidewire 502, endoscope 537 is removed, while
maintaining guidewire 502 in its current position. Alterna-
tively, the guidewire can be inserted after a cannula is intra-
abdominally positioned and a blunt dissector tip and endo-
scope are removed.

[0269] Next, guidewire 502 is advanced to traverse
guidewire 502 to establish the delivery pathway along which
device 10 is to be delivered for placement and anchoring. As
guidewire 502 is advanced, it is guided by the natural curva-
ture of diaphragm 116, as illustrated in FIG. 66F.

[0270] FIG. 66G shows the expandable member rolled up
in a delivery sheath (not shown). A guidewire lumen can be
optionally provided on the expandable member, so that, in the
rolled up state, the lumen can be tracked over the guidewire to
guide the deliver of the expandable member. The expandable
member is inserted through the port and optionally over the
guidewire and passed down around the stomach between the
diaphragm and the stomach (see FIG. 66H). The sheath is
then retracted (see arrows in FIG. 66]) releasing the coiled
(rolled up) expandable member and allowing the expandable
member to be expanded in situ. Once fully deployed the
sheath apparatus is removed, leaving the expandable member
and conduit in place.

[0271] FIGS. 66J-66K show how the expandable member
moves the stomach out of its position as the expandable
member expands. The spleen is shown inferiorly of the
expandable member.

[0272] FIG. 66L is anillustration of device 10 in its position
relative to organs in the abdominal cavity after implantation
of the device as described above. Device 10, when inflated
abuts and is anchored to the inner surface of the diaphragm
116, and compresses the stomach 120 medially and in a
downward (inferior) direction. The left lobe of the liver 121
lies anterior to device 10 and the reduced cross sectional area
of portion 10in lies medially of the spleen 128 for minimiza-
tion of contact or compression thereof. Inferior portion 10in is
also directed medially, relative to superior portion 10su, to
provide compression of the body of the stomach 120.

[0273] FIGS. 66M-66P show two examples of deployment
mechanism and fixation structures that can be provided for
anchoring device 10 in the procedure described above with
regard to FIGS. 66A-66L. These fixation features or deploy-
ment mechanisms can also be employed with other embodi-
ments of device 10, as well as in other procedures. Also, other
fixation structures and techniques as discussed herein can be
substituted or used in combination with the structures now
discussed. In FIG. 66M, expandable member 10em is pro-
vided with a line of anchoring teeth 62 (which can optionally
be barbed) and are configured to lie down against the surface
or reinforcement 16 when device 10 is being delivered to the
target surgical site. Reinforcement strip 16 1s laterally slid-
able with regard to expandable member 10em. FIG. 66M
illustrates reinforcement strip 16 as slid proximally to a
closed orientation with respect to expandable member 10em
and teeth 62. Teeth 62 can be sharpened at their free ends to
facilitate piercing of tissue during an anchoring procedure,
but need not be. Teeth 16 are configured to move to an open
orientation, such as by being pivotally mounted and biased
toward the configuration shown in FIG. 66N or by providing
elastically deformable teeth which are biased to the open
orientation. By sliding reinforcing strip distally with respect
to expandable member 10em in the direction of the arrow
shown in FIG. 66N, rings 62r slide to the bases (or pivot
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points) ofteeth 62, thereby freeing them to move to their open
orientations as shown in FIG. 66N. Teeth 62, which have
single or no barbs, allow for easy reversal of the anchoring
procedure, such as when device 10 is to be removed or repo-
sitioned, since simply moving the expandable member 10em
distally will act to pull teeth 62 out of the structures to which
they had been anchored.

[0274] FIGS. 660-66P illustrate closed and open configu-
rations, respectively, of dual-barbed fixation structures 62
that can be substituted for those described above with regard
to FIGS. 66M-66N. In this embodiment, anchoring is more
secure as provided by a pair of barbs on each structure 62 that
extend in different directions, when opened to engage a struc-
ture. Opening and closing are carried out in the same manner
as described above with regard to FIGS. 66M-66N. In any of
the embodiments of FIGS. 66M-66P, the fixation structures
can be mounted on reinforcement strip and rings 62~ can be
mounted to the main body of expandable member and pass
through longitudinal slots provided in the reinforcing mem-
ber 16. In this case, reinforcing member is slid proximally
with respect to expandable member 10em to permit fixation
structures 62 to move to the open orientation.

[0275] FIG. 67 illustrates port locations for use in laparo-
scopic implantation of a device in the same location as
described above with regard to the percutaneous procedure of
FIGS. 66A-66L. In this procedure, port 390a is provided in a
similar location to where the insertion was made for the
percutaneous procedure described in FIGS. 66A-66L. Addi-
tional ports 3905, 390¢ and 3904 are provided for insertion of
an endoscope to visualize the procedure, a retractor, grasper
or other tool for pulling the omentum out of the target surgical
site, and a retractor for retracting the left lobe of the liver,
respectively.

[0276] FIGS. 68A-68K are transverse cross-sectional illus-
trations of the abdominal cavity shown at sequential, incre-
mental locations of the cavity, which correspond to the illus-
trations of FIGS. 2A-2K, respectively, but in which
expandable member 10em, implanted in a position as
described with regard to FIGS. 66 A-67 above, is also shown.
By, comparing the various sectional illustrations, it can be
seen that expandable member 10em varies greatly in the
amount and direction of displacement of the stomach at vari-
ous locations along the stomach. The residual stomach out-
line and volume is illustrated adjacent the medial edge of the
balloon. These slices illustrate the three-dimensional nature
of the interaction between expandable member 10em and the
stomach 120 and are provided to further show that it is not
merely a simple anterior or lateral “push” thatis applied to the
stomach wall, but rather, the expandable member 10em pro-
vides a complex geometry that fills a targeted cavity, thereby
leaving only a small residual space for the stomach 120 to
reside.

[0277] FIGS. 69A-69C illustrate advantages of placement
of a single expandable member with a complex shape, for
example, like device 10 implanted and positioned as
described above with regard to FIGS. 66A-67. The arrows
shown in the sectional illustration of FIG. 69A show the
directions of force applied by surfaces 10a1, 1042 and 1043
(see FIG. 69B which shows a sectional view or expandable
member 10em taken in the same section of the abdominal
cavity shown in FIG. 69 A, when expandable member 10em is
implanted in a position as described above with regard to
FIGS. 66A-67). Thus, since surface 10a “wraps around” the
surface of the stomach somewhat, both anteriorly and poste-
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riorly, a multi-directional compression is applied to the sur-
face of the stomach by expandable member 10em.

[0278] FIG. 69C is an partial illustration from an anterior
view of the patient 1, which shows that device 10 when
implanted in a position as described above with regard to
FIGS. 66A-67, in addition to the transverse forces shown in
FIG. 69A, also applies forces in superior-medial and inferior-
medial directions, and potentially in an inferior direction, as
indicated by arrows 561, 562 and 563, respectively.

[0279] FIGS. 70A-70D illustrate steps of a laparoscopic
method of implanting an expandable extra-gastric device 10
according to one embodiment of the present invention. FIG.
70A illustrates that multiple access ports 390 (e.g., four or
five) are installed through the abdomen of the patient 1, one
for insertion of an endoscope for viewing the procedure, one
for delivery of device 10 therethrough, and one or more for
insertion of instruments into the target surgical area. An endo-
scope 356 is inserted through one of ports 390 and manipu-
lated to locate anchoring locations on one or more internal
structures to which device 10 is to be anchored. For example,
one or more anchoring locations can be identified on the
internal surface of the diaphragm and or chest wall. A suture,
tether or other tensioning member 59 is next advanced
through one of ports 390 for fixation to an anchoring location.
At least one suture, tether or other tensioning member 59 is
installed at each anchoring location selected, with all sutures,
tethers or other tensioning members being passed through the
same port 390.

[0280] FIG. 70B illustrates a suture in the process of being
installed at an anchoring location 584 on the diaphragm 116.
A suture 59 having a needle 597 is advanced, needle first
through port 390 and directed to the anchoring location 58a,
using graspers or other laparoscopic surgical instrument.
Needle 597 is passed into the target surgical area and drawn
back out, wherein needle 59 then is withdrawn back out of
port 390, while suture 59 is drawn through the pathway cre-
ated by passing the needle into and out of the tissue at the
anchoring location 58a. In the example shown, needle 597
can be driven all the way through the diaphragm wall 116 and
then passed back through from outside to inside. Typically,
however, needle 59z is passed through only a portion of the
thickness of the wall of diaphragm 116 and does not pierce
through the external surface. Suture 59 at this point has proxi-
mal and distal ends that extend proximally of port 390, as
shown in FIG. 70B. This process can be repeated for as man
sutures, tethers or other tensioning members 59 that are
desired to be fixed to anchoring locations.

[0281] FIG. 70C illustrates a procedure where sutures 59
have been installed at two anchoring locations 584 on dia-
phragm 116. Next, as illustrated in FIG. 70D, a device 10 ina
compacted configuration is threaded over sutures 59, via
loops 20 or other guide features that can be included on the
expandable member 10em. While holding sutures 59 rela-
tively stationary, device 10 is then advanced distally with
respect thereto, inserted through access port 390 and
advanced further distally to the target surgical area, guided by
the attachment of sutures 59 to anchoring locations 58a.
Alternatively, one end of suture 59 that passes through loop
20 can be tied to loop 20 for each loop 20. After insertion of
device 10 through port 390, the opposite ends of sutures 59
can then be retracted out of port 390, thereby drawing device
10 into position at the target surgical site.

[0282] Expandable member 10em is next expanded to an
expanded configuration. If expandable member 10em is an
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inflatable member or a portion of expandable member 10em is
inflatable, then inflation can be performed by inputting pres-
surized fluid through adjustment member 80 using one of the
inflation tools 210 described above, or other pressurized fluid
source. If all or a portion of expandable member 10em is a
mechanically expandable member, then the mechanically
expanding member can be expanded using one of the tech-
niques described above. Expandable member 10em can be
anchored to anchoring locations 58a by tying off sutures 59
against loops 20 and cutting the remainder of the sutures that
extend proximally of the tie off locations. Adjustment mem-
ber 80 can be fixed in one of the locations described above
using one or more of the fixation techniques described.
[0283] FIG. 71 illustrates device 10 of FIG. 37 having been
tethered to two anchoring locations 58a with a single suture,
tether or other tensioning mechanism 59 using percutaneous
or laparoscopic procedures as described herein. Additionally,
adjustment member 80 has been installed so that conduit 12
passes through diaphragm 116 (like described with regard to
FIG. 32) and is fixed to draw expandable member 10em
against diaphragm 116 thereby functioning as an additional
anchor.

[0284] FIGS. 72A-72C illustrate steps of a method of per-
cutaneously implanting an expandable extra-gastric device
10 according to another embodiment of the present invention.
A veress or other access needle 501 is inserted to create an
opening 3 into the abdominal cavity and a guidewire 502 is
inserted through the opening and advanced (e.g., under fluo-
roscopic visualization or other visualization technique) into
the patient 1. As guidewire 502 is advanced, it is guided by the
natural curvature of diaphragm 116, as illustrated in FIG.
72A. Expandable device 10, in a contracted configuration, is
next inserted through opening 3, and guided over guidewire
502 for example by passing a rail 512, loops 20 or other
guiding features that are attached to device 10, over guidewire
502 so that guidewire 502 guides the positioning of device 10
into the desired target surgical location as illustrated in FIG.
72B. Veress needle 510 can be withdrawn and opening 3 can
be dilated prior to insertion of device 11.

[0285] Once expandable member 10em has been posi-
tioned as desired, guidewire 502 can be removed, and expand-
able member 10em is expanded to an expanded configuration,
as illustrated in FIG. 72C. If expandable member 10em is an
inflatable member ora portion of expandable member 10em is
inflatable, then inflation can be performed by inputting pres-
surized fluid through adjustment member 80 using one of the
inflation tools 210 described above, or other pressurized fluid
source. If all or a portion of expandable member 10em is a
mechanically expandable member, then the mechanically
expanding member can be expanded using one of the tech-
niques described above. Expandable member 10em can be
anchored to anchoring locations 58a by tying off sutures 59
against loops 20 and cutting the remainder of the sutures that
extend proximally of the tie off locations. Adjustment mem-
ber 80 can be fixed in one of the locations described above
using one or more of the fixation techniques described.
Expandable member 10em can be anchored to one or more
internal structures, such as the diaphragm 116, internal sur-
face of abdominal wall, or other structure, at one or more
locations, using an, of the techniques and anchors described
above.

[0286] FIGS. 73A-73B illustrate placement of a device 10
having a single expandable member 10em. Expandable mem-
ber 10em of device 10 is positioned anteriorly of the stomach
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120 as shown in FIG. 73A. Expandable member 10em is
shaped and dimensioned to match the shape and size of the
void in the abdominal cavity bounded by the stomach 120, the
diaphragm 116, chest wall, and the bottom edge of the ribs
114. Thus expandable member 10em is positioned beneath
the ribs within the abdominal cavity, and anterior to the stom-
ach 120, as illustrated. Expandable member 10em can have a
relatively flat surface 102a on one side, posterior facing sur-
face, as shown, that presses down on the anterior surface of
the stomach 120 after placement of device 10 as shown and
expansion of expandable member 10em. The other surfaces of
expandable member 10em can be shaped to match the typical
contour of the diaphragm 116 and the chest wall. Anchoring
of device 10 can be performed at one or more of the indicated
locations 58 along the diaphragm 116, lateral rib cage wall
and chest wall. As positioned and expanded or inflated, device
10 drives against and flattens out the fundus and a portion of
the body of the stomach 120, such that the walls of these
portions of the stomach 120 appose each other, as illustrated
in the sectional illustration of FIG. 73B. The displacement of
the stomach walls as described reduces the internal cavity of
the stomach to the shape of a small lumen 120w that passes
down along the medial side of the stomach 120 toward the
lesser curvature, for receiving food, similar to the results of a
sleeve gastrectomy.

[0287] FIGS. 74A-74B illustrate placement of another
device 10 having a single expandable member 10em. Expand-
able member 10em of device 10 in this example is positioned
in a similar location as that described with regard to FIGS.
73A-73B, but in this case is placed laterally of the stomach,
between the stomach 120 and the diaphragm 116, as shown in
FIG. 74A. The posterior surface of expandable member 10em
in this case is not flat, but convex, when expanded so that the
expanded configuration of expandable member 10em is
closer to spherical than that described with regard to FIGS.
73A-B. Also, surface 10a is a lateral surface that occupies the
space of the fundus of the stomach 120 laterally and is almost
spherical in the area of contact with the fundus, while tapering
down where it contacts the body of the stomach, so that it does
notexpand by as great a distance as it does against the fundus.
Device 10, as expanded follows the outline of the edge 114 of
the lowest rib. Upon expansion, expandable member 10em
holds the stomach 120 medially from its natural position, and
leaves a channel 120w that will take in food, as shown in the
sectional illustration of FIG. 74B.

[0288] As noted above, devices 10 can be implanted using
avariety of different surgical techniques, including open sur-
gical procedures, laparoscopic procedures and percutaneous
procedures. Open surgical procedures are the easiest methods
of implanting device 10, but also are the most invasive and
thus associated with higher morbidity and require longer
healing time, more scarring etc. In one example of an open
surgical procedure, a midline incision can be made to expose
the abdominal cavity. Device 10 can be placed in the desired
location in the abdominal cavity and anchored into place with
the use of sutures, staples or any other fixation structures or
techniques described herein. Device 10 can have reinforced
tabs or loops 20 that facilitate anchoring by sutures, hooks,
staples, etc. as already noted above. Once anchored in posi-
tion, device 10 can be expanded, such as by inflation,
mechanical expansion or a combination of these. After
anchoring and expansion of device 10, the midline incision
can be sewn back up. For inflatable members 10em, conduit
12 can be extended out of the midline incision and the adjust-
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ment member can then be fixed in place (e.g., to the abdomi-
nal fascia) in a manner as described above.

[0289] To perform a laparoscopic procedure, multiple
access ports are used to perform the procedure in a less
invasive want. The peritoneal cavity is filled with pressurized
CO?2 to create a pneumoperitoneum (i.e., a “tent” inside the
abdominal cavity). There are many different procedural steps
that one can take to position and anchor device 10 in the
desired location. One embodiment of such as procedure is
described here. Implant 10 is inserted into the abdominal
cavity through an access port. Device 10 can be rolled up like
a cigar and sent down the port or it can be loaded up on a
sheathed introducer device to be sent down the access port.
Once in the abdominal cavity, device 10 can be unrolled and
positioned in the target area.

[0290] Once it has been confirmed that the positioning of
device 10 is appropriate, sutures, staples or other anchoring
techniques or structures, as described herein, can be used to
anchor expandable member 10em onto one or more internal
body structures (e.g., diaphragm, chest wall and/or other
internal structures) to secure it in place. If expandable mem-
ber includes an inflatable member, then conduit 12 (e.g. infla-
tion tubing) can be connected to adjustment member 80 next.
An inflation adapter can be in fluid communication with an
external carbon dioxide (CO,) supply, or a self-contained
CO, inflation device can be used to inflate expandable mem-
ber 10em and check its positioning. During this step, an
intra-gastric sizing balloon 310 (e.g., a hot dog shaped bal-
loon which preserves the residual stomach lumen desired)
can be used to determine when to stop the expansion or
inflation of expandable member 10em. Once the positioning
and amount of expansion have been determined and set,
adjustment member 80 can be attached to an area (e.g., the
abdominal fascia) to secure it in place.

[0291] When performing a percutaneous procedure, it is
desired to use local anesthesia to perform the procedure in the
most minimally invasive manner. Ideally, a single insertion
point will enable the physician to perform the entire proce-
dure. Imaging guidance is used to safely position and anchor
device 10. Potential imaging modalities include fluoroscopy
(i.e., real-time x-ray), ultrasound, endoscopy, MRI, and CT.
One embodiment of a percutaneous procedure includes plac-
ing a catheter trans-orally into the inner chamber (cavity) of
the stomach. The stomach is occluded by inflating a balloon
attached to the catheter and pulling the inflated balloon back
to the gastro-esophageal (GE) junction. A contrast agent can
then be injected into the stomach cavity to enhance visualiza-
tion of the stomach cavity under fluoroscopy.

[0292] Using a veress needle, the intra-peritoneal (abdomi-
nal) cavity is next accessed by inserting the needle through
the skin of the patient and into the abdominal cavity. A
guidewire is next inserted through the needle, and the anterior
surface of the stomach is accessed, up to the superior region of
the fundus. The guidewire can be sent around to the posterior
side of the fundus, against the surface of the fundal-diaphrag-
matic interface. Once the guidewire has been properly posi-
tioned thusly, an instrument that can sequentially deploy an
anchor with a tether wire or suture is passed over the
guidewire.

[0293] The anchor deployment instrument deploys an
anchor on the diaphragm near the superior aspect of the
fundus first. Then, it can be pulled back to the mid-rib-cage
region to deploy a second anchor. Then, if desired, a third
anchor can be deployed near the bottom edge of the rib-cage.
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Once the anchors are deployed, the instrument is pulled out of
the patient, leaving multiple tether wires which are accessible
on the outside of the body, through the access port. The tether
wires can be “loaded” onto a device deliver, instrument. Each
of the tether wires can be inserted into specific loops or tabs
on device 10 to match the position of the device 10 where it is
to be placed in the corresponding position where that tether is
anchored.

[0294] The device delivery instrument is then ridden over
the guidewire and tether wires to the target implantation site.
Once the device delivery instrument is in the correct position,
the tether wires can be fixed into place with a locking mecha-
nism built into the delivery instrument or the delivery instru-
ment can just release the implant and the tether wires can be
locked into place by using a separate instrument, which can
ride over the tether wires individually to cinch dozen or lock
the tethers in place.

[0295] With device 10 now anchored in the desired posi-
tion, the device delivery instrument is removed, and adjust-
ment member 80 can be attached to conduit 12. If expandable
member contains an inflatable member, like described previ-
ously expandable member 10em can be inflated next. In this
step, an intra-gastric sizing balloon can also be used, in a
manner as noted above. In fact, the initial access balloon
which was used to put contrast into the stomach can be shaped
like a hot-dog or other shaped described herein, to serve this
purpose. Next, the adjustment member can be secured, such
as to the abdominal fascia, for example.

[0296] FIG. 75 illustrates a technique for protecting the
spleen 128 and/or diverting compressive forces away from
the spleen 128. Using this technique, the omentum 111 is
anchored 58 to expandable member 10em to provide a cush-
ion between the spleen 128 and surface 10p of expandable
member. The attachment may be provided under tension, but
a simple clipped, glued or sewn attachment is typically suf-
ficient.

[0297] Devices 10 described herein can be relatively easily
removed or deactivated. Various different simple procedures
available for such removal or deactivation include, but are not
limited to: cutting of sutures or other anchoring members and
compressing expandable member 10em and then withdraw-
ing it; compressing expandable member 400 and withdraw-
ing it; rupturing or deflating inflatable expandable member
10em to deactivate it, without removal; providing a self deac-
tivating feature, whereby if an inflatable member 10em
migrates beyond a predetermined distance, it becomes dis-
connected from conduit 12 and deflates.

[0298] Devices 10 described herein can be electrically con-
nected to a sensor on the stomach wall to function as a
“barosensor”, so that when the stomach 120 is empty, there is
no pressure or stress, or a predetermined pressure level or
stress level on the barosensor. Upon eating, as the stomach
120 expands, pressure or stress on the barosensor increases.
When a predetermined pressure or stress or strain level has
been sensed, device 10 responds by delivering one or more
drugs and/or electrical stimulus to facilitate the feeling of
satiety. In this way, a direct method of sensing is provided for
real time, immediate sensing of when a person is eating, to
provide a therapy at that time, whether directly into the blood
stream or locally, with a hormonal drug, obesity treatment
drug, electrical signal, which can including pacing signals
from a pacing device, and/or some other form of treatment. A
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drug pump can be included either integrally with the device
10 or separately, but connected to the barosensor to act as a
trigger mechanism/actuator.

[0299] Expandable member 10em (e.g., an inflatable
expandable member) can be provided with a pressure sensor
inside the chamber of the inflatable member 10e, such as on
the inner wall for example. Sensor 570 can be electrically
connected therewith, or incorporated therein, a transmitter,
suich as a radio-frequency identification (RFID) chip or other
circuit for transmitting by radio frequency or other frequency
commonly used for telemetry to communicate externally of
the patient. FIG. 76 illustrates an expandable member 10em
of device 10 having a pressure sensor and transmitter 560
fixed to an inner wall of expandable member 10em. Sensor
and transmitter 560 can also function as a receiver for receiv-
ing signals telemetrically. In this example, the patient is pro-
vided with a pager or cellular phone, PDA or other device 562
that is tuned to receive the frequency of transmission of sen-
sor/transmitter 560 and which can call out or send other
electronic transmissions (such as email, page, text messaging,
etc.). Sensor and transmitter 560 can be programmed with
upper and lower pressure thresholds. When the pressure
inside expandable member 10em is less than the lower thresh-
old or greater than the upper threshold, sensor and transmitter
transmits a signal which, if device 562 is in range, is received
by device 562. Device 562 can be programmed to then auto-
matically contact the patient’s physician, such as by tele-
phone, email, text messaging, paging etc.

[0300] Additionally or alternatively, device 562 can be con-
figured with an output port so that information from device
562 can be downloaded to a computer or other microproces-
sor. Further device can be configured to communicate with or
query sensor and transmitter 560 to request a pressure reading
anytime that device 562 queries sensor and transmitter 560. In
response, the transmitter of sensor and transmitter 560 trans-
mits a pressure reading to device 562 telemetrically. In this
way, device 562 can record a run chart of the pressure in
expandable member 10em, for later downloading and/or
transmittal to the physician.

[0301] A device 10 having multiple inflatable expandable
members 10em can be provided with a controllable valving
mechanism between two members that is controllable by the
patient into which it is implanted, through the manual opera-
tion of an actuator that can be subcutaneously implanted.
When the patient is in a state of satiety, a first expandable
member can be in an expanded or inflated state and a second
expandable member can be in a contracted or deflated state.
When the patient is ready to eat or becomes hungry, the
patient can actuate the activating mechanism which controls
the valving mechanism to transfer the inflation fluid from the
first expandable member 10em to the second expandable
member 10em. In this state, first expandable member can be
in a contracted or deflated state and the second expandable
member can be in an expanded or inflated state. When the
second member is in an expanded state, it presses against the
stomach wall to assist the patient in reaching satiety at an
earlier stage than he or she normally would. When the second
member is in a contracted state, it does not deform the stom-
ach wall. The expansion of the second expandable member
can also function as an active mechanical stimulant, as gastric
massage can paralyze the peristaltic action of the stomach
temporarily.

EXAMPLE

[0302] The following example is put forth so as to provide
those of ordinary skill in the art with a complete disclosure
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and description ofhow to make and use the present invention,
and are not intended to limit the scope of what the inventors
regard as their invention nor are the intended to represent that
the experiment below was the only experiment performed.
[0303] FIGS. 77A-77F are radiographs taken during the
placement of an expandable device in a human cadaver in the
location described above. Initially a balloon catheter 130 was
inserted trans-orally and advanced to place the distal up at the
gastro-esophageal junction, as shown in FIG. 77A. The
abdominal cavity was next accessed using a veress needle and
a guidewire (0.035" Cordis guidewire, CORDIS®, http://
www.cordis.com/) 134 that were inserted through the abdo-
men in the location indicated by 126 in FIG. 1.

[0304] As the guidewire 502 was advanced, it was naturally
guided along the curvature of the surface of the diaphragm
116, as can be seen in the curvature of the guidewire 502
shown in FIG. 77A. Thus, the diaphragm 116 acted as a
natural guide to guide the guidewire 502 around the fundus of
the stomach 120fto a location supetior of the fundus 120/and
inferior of the diaphragm 116. The diaphragm 116 is shaped
like an umbrella (see FIGS. 1A and 78A-78B). The guidewire
502 rode along the entire curvature of the diaphragm 116. The
fundus curvature matched the curvature of the diaphragm and
the guidewire 502 inserted between the diaphragm 116 and
the fundus.

[0305] A contrast agent mixture of meglumine and saline
was injected into the stomach via balloon catheter to enhance
the visualization of the stomach. The fundus 120f'can be seen
in FIG. 77B. Additionally, it can be observed that guidewire
502 has been guided (by the diaphragm wall 116, as noted)
closely around the exterior surface of the fundus 120f. An
expandable device 10 was next delivered over the guidewire
134 in the form of a balloon catheter at FIG. 77C and was then
inflated with air (FIG. 77D) to expand the device 10. As the
inflation progressed (FIGS. 77D, 77E and 77F), the contrast
agent showed a clear visualization of the fundus 120f being
compressed, as the contrast agent was driven from within the
fundus 1201

[0306] By positioning the device 10 in the sulcular aspect of
the diaphragmatic corella 116 superior and/or posterior to the
fundus 120f; device 10 is bounded by the diaphragm 116 and
ribs on anterior, posterior, superior and lateral sides, so that
when device 10 is expanded, the expansion is somewhat
concealed from observation externally of the patient (see
FIGS. 78A-78B). Thus, unlike some other placements, this
placement of device 10 allows device 10 to be expanded
without creating a substantial external “bulge” that is notice-
able on the exterior (e.g., skin) of the patient. This location of
placement is also a natural nook that is where the fundus
normally expands to when a large amount of food and/or
liquid are ingested and enter the stomach. Variations of the
placement of expandable device 10 are also possible, such as
amore lateral position of device 10 relative to the fundus 120f,
between the fundus 120/ and the diaphragm 116 wall, or a
position anterior of the fundus 120f. Further variations of
placement of the device, as well as various embodiments of
the device placed, are described below.

[0307] 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 can
be made and equivalents can be substituted without departing
from the true spirit and scope of the invention. In addition,
many modifications can be made to adapt a particular situa-
tion, material, composition of matter, process, process step or
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steps, to the objective, spirit and scope of the present inven-
tion. All such modifications are intended to be within the
scope of the claims appended hereto.

1-133. (canceled)

134. A method of treating obesity comprising:

placing a space occupying device within an abdominal

cavity in proximity to a stomach;

expanding the space occupying device to reduce the space

available for the stomach to expand; and

leaving the space occupying device in proximity to the

stomach for sufficient time to remodel the stomach.

135. A method of treating obesity comprising:

placing a space occupying device within an abdominal

cavity in contact with a stomach; and

expanding the space occupying device to constrain the

stomach to a curved tubular shape.
136. A method of creating a feeling of satiety comprising:
positioning an expandable device in proximity to a stom-
ach without penetrating a wall of the stomach; and

expanding the expandable device to reduce an achievable
maximum volume of the stomach, wherein the stomach
is free to move.

137. A method of treating obesity comprising:

positioning an expandable device in proximity to a stom-

ach; and

expanding the expandable device to surround portions of

the stomach so as to constrain a largest capable dimen-
sion of the stomach by fifty percent or more.

138. A method of treating obesity in a patient, said method
comprising:

making a percutaneous opening to the abdominal cavity of

the patient;

passing an expandable device, while in a contracted con-

figuration, through said opening;

positioning the expandable device between the stomach

and the diaphragm of the patient;

expanding the expandable device; and

anchoring the expandable device, relative to at least one

structure in the abdominal cavity, without piercing
through a wall of the stomach.

139. The method of claim 138, wherein said anchoring
comprises tethering at least two locations of the expandable
device to at least one structure in the abdominal cavity.

140. The method of claim 138, wherein said anchoring
comprises anchoring the expandable device to the diaphragm
of the patient to maintain contact between the diaphragm and
the expandable device.

141. The method of claim 138, further comprising passing
a guidewire through the percutaneous opening to deliver a
distal end of the guidewire to a target area where the expand-
able device is to be positioned; and

fixing the guidewire to a structure in the abdominal cavity,

wherein said passing an expandable device comprises
sliding the expandable device over the guidewire.

142. The method of claim 138, further comprising anchor-
ing an adjustment member to an internal wall of the abdomi-
nal muscles.

143. The method of claim 138, further comprising anchor-
ing an adjustment member to an external wall of the abdomi-
nal muscles.

144. The method of claim 138, further comprising anchor-
ing an adjustment member subdermally and external of a fat
layer external of the abdominal muscles.
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145. The method of claim 138, wherein the device further
comptrises an adjustment member that is connected to the
expandable member via a conduit, and wherein said anchor-
ing the expandable device, relative to at least one structure in
the abdominal cavity comprises forming a opening through
the diaphragm of the patient, passing the conduit through the
diaphragm, and anchoring the expandable device to the dia-
phragm by anchoring the adjustment member at a location on
the opposite side of the diaphragm.

146. The method of claim 138 performed minimally inva-
sively under fluoroscopic visualization.

147. The method of claim 138 performed minimally inva-
sively under ultrasonic visualization.

148. The method of claim 138, further comprising:

passing at least two guide sutures through the percutaneous

opening and anchoring distal portions of the guide
sutures to at least two different locations on or more
internal structures in the abdominal cavity of the patient,
wherein proximal ends of the sutures remain outside of
the percutaneous opening; and

threading the expandable device over the proximal end of

the at least two guide sutures, wherein said passing an
expandable device comprises sliding the expandable
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device over the guide sutures and into position against
the one or more internal structures.
149. The method of claim 148, wherein the at least two
guide sutures are anchored to the diaphragm of the patient.
150. The method of claim 148, wherein said anchoring the
expandable device, relative to at least one structure in the
abdominal cavity, comprises suturing the expandable device
to the at least one structure, using the at least two guide
sutures.
151. The method of claim 138, further comprising:
fixing at least one anchor mating member to the at least one
internal structure, wherein the expandable device has a
cooperating anchor mating member extending there-
from for engaging each respective anchor mating mem-
ber, wherein said anchoring the expandable device, rela-
tive to at least one structure in the abdominal cavity,
comprises engaging the at least one anchor mating mem-
ber with the at least one cooperating anchor member.
152. The method of claim 141, wherein the guidewire is
guided along the curved surface of the diaphragm of the
patient during said passing a guidewire.
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