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ABSTRACT

The present invention provides devices and methods for
attachment of an endolumenal gastrointestinal device. Such
as an artificial stoma device, a gastrointestinal bypass sleeve
or other therapeutic or diagnostic device, within a patients
digestive tract. In one application of the invention, an
endolumenal bypass sleeve is removeably attached in the
vicinity of the gastroesophageal junction to treat obesity
and/or its comorbidities, such as diabetes. The bypass sleeve
may be at least partially deployed by eversion.
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GASTRONTESTINAL MPLANT SYSTEM
CROSS REFERENCE TO RELATED
APPLICATIONS

0001. This patent application is a continuation of Ser. No.
11/400,724 filed Apr. 7, 2006 which is a continuation-in-part
of U.S. patent application Ser. No. 11/124,634 filed May 5,
2005 which claims the benefit of U.S. provisional patent
application 60/569,442, filed on May 7, 2004, by Kagan et
al. for Devices and Methods for Treating Morbid Obesity
and U.S. provisional patent application 60/613,917, filed on
Sep. 27, 2004, by Kagan et al. for Devices and Methods for
Attachment of a Gastrointestinal Sleeve. This patent appli
cation is also a continuation-in-part of U.S. utility patent
application Ser. No. 10/698,148, filed on Oct. 31, 2003 by
Kagan et al. for Apparatus and Methods for Treatment of
Morbid Obesity which claims priority to U.S. provisional
patent applications 60/480,485, 60/448,817, 60/437.513,
60/430,857, 60/428,483, and 60/422,987. This patent appli
cation is also a continuation-in-part of U.S. utility patent
application Ser. No. 10/998.424, filed on Nov. 29, 2004 by
Kagan et al. for Apparatus and Methods for Treatment of
Morbid Obesity and of U.S. utility patent application Ser.
No. 11/025,364, filed on Dec. 29, 2004, by Kagan et al. for
Devices and Methods for Treating Morbid Obesity. The
devices and methods described herein can be combined with

and/or used in conjunction with the apparatus and methods
described in these prior applications. These and all patents
and patent applications referred to herein are hereby
expressly incorporated by reference in their entireties herein.
BACKGROUND OF THE INVENTION

0002) 1. Field of the Invention
0003. The present invention relates to devices and meth
ods for attachment of a device within a patient’s digestive
tract. In particular, the present invention relates to devices
and methods for treatment of obesity and/or its comorbidi
ties, such as diabetes.

0004 2. Description of the Related Art
0005 Bariatrics is the field of medicine encompassing the
study of overweight, its causes, prevention and treatment.
Bariatric surgery is a treatment for morbid obesity that
involves alteration of a patient’s digestive tract to encourage
weight loss and to help maintain normal weight. Known
bariatric Surgery procedures include jejuno-ileal bypass,
jejuno-colic shunt, billiopancreatic diversion, gastric bypass,
Roux-en-Y gastric bypass, gastroplasty, gastric banding,
vertical banded gastroplasty, and Silastic ring gastroplasty. A
more complete history of bariatric Surgery can be found in
U.S. Provisional Patent Application No. 60/422.987 Appa
ratus and Methods for Treatment of Morbid Obesity and also
on the website of the American Society for Bariatric Surgery
at http://www.asbs.org.
0006 Medical sleeve devices for placement in a patients
stomach are described by Rockey in U.S. Pat. Nos. 4,501,
264, 4,641,653 and 4,763,653. The medical sleeve described

in these patents are said to reduce the Surface area available
for absorption in the stomach, however it is not configured
to effectively reduce the volume of the stomach nor will the
device described isolate ingested food from stomach secre
tions. Other sleeve devices for placement in a patients
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intestines are described in U.S. Pat. No. 4,134,405 (Smit),
U.S. Pat. No. 4,315.509 (Smit), U.S. Pat. No. 5,306,300
(Berry), and U.S. Pat. No. 5,820,584 (Crabb). The sleeve
devices described in these patents are said to be placed at the
lower end of the stomach and therefore do not serve to

isolate ingested food from the digestive secretions of the
stomach.

0007. In U.S. Patent Application US 2003/0040804,
Stack et al. describe a satiation device to aid in weight loss
by controlling feelings of hunger. The patent application
describes an antral tube that expands into the antrum of the
stomach to create a feeling of satiation. In U.S. Patent
Application US 2003/0040808, Stacket al. describe a satia
tion device for inducing weight loss in a patient includes a
tubular prosthesis positionable such that an opening at its
proximal end receives masticated food from the esophagus,
and Such that the masticated food passes through the pouch
and into the stomach via an opening in its distal end.
0008. In U.S. Patent Application US 2003/0120265,
Deem et al. describe various obesity treatment tools and
methods for reducing the size of the stomach pouch to limit
the caloric intake as well as to provide an earlier feeling of
Satiety. The Smaller pouches may be made using individual
anchoring devices, rotating probes, or Volume reduction
devices applied directly from the interior of the stomach. A
pyloroplasty procedure to render the pyloric sphincter
incompetent and a gastric bypass procedure using atraumatic
magnetic anastomosis devices are also described.
0009. In U.S. Patent Application US 2003/0144708,
Starkebaum describes methods and systems for treating
patients suffering from eating disorders and obesity using
electrical stimulation directly or indirectly to the pylorus of
a patient to substantially close the pylorus lumen to inhibit
emptying of the stomach.
0010 Notwithstanding the foregoing, there remains a
need for a perorally deployable device for the treatment of
obesity and/or its comorbidities, as well as a way to attach
the device and to position a bypass tube within the intestine.
SUMMARY OF THE INVENTION

0011. There is provided in accordance with one aspect of
the present invention, an attachment system for attaching a
device to the mucosal side of a wall of the gastrointestinal
tract. The wall comprises, among other tissue layers, a
muscularis layer and a serosal layer. The system comprises
a gastrointestinal attachment cuff having a tubular body, a
proximal end and a distal end. At least one attachment
structure (sometimes referred to as a tissue anchor) is
provided for transmural attachment of the cuff to the
mucosal side. The anchor comprises a connecting element
(sometimes referred to as a tension element) for extending
through the wall and at least one transverse retention Surface
for positioning in contact with the serosal tissue. The cuff
may be a unitary annular component or assembly, or may
comprise two or three or more components spaced circum
ferentially apart about a longitudinal axis.
0012. The tension element may comprise a suture. The
tension element comprises a proximal end for extending
through the mucosal layer and a distal end for carrying the
transverse retention Surface. The transverse retention Surface

comprises a proximal Surface of a serosal anchor. The
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serosal anchor may comprise a T-tag, a disk, or an inflatable
structure. The serosal anchor is transformable between a

first, reduced profile for distal transmural advancement
through the wall, and a second, enlarged profile for resisting
proximal retraction through the wall.
0013 The tension element has a length between the cuff
and the transverse retention Surface, and the length is
generally at least about 2 mm and often no more than about
20 mm. In some implementations of the invention, the
length is within the range from about 2 mm to about 10 mm
and, depending on the patient, potentially within the range
from about 3 mm to about 6 mm. Preferably, the connecting
element is at least as long as the uncompressed wall thick
ness of the tissue at the attachment point.
0014. The attachment system may additionally comprise
a first engagement Surface carried by a first coupler on the
attachment cuff for coupling to a second, complementary
engagement Surface carried by a second coupler on a gastric
bypass tube. The first and second couplers may be config
ured for removable coupling or permanent coupling between
the bypass tube and the cuff. The bypass tube may have a
length of at least about 50 cm, at least about 75 cm and in
certain embodiments at least about 100 cm. The length is
generally at least long enough to place the distal end beyond
the pyloris, and, preferably, beyond the ligament of Treitz.
The system may comprise at least 6 tissue anchors, and, in
Some applications, at least 12 tissue anchors.

0015 The cuff may be omitted and the proximal end of

the bypass tube may be attached directly to the adjacent
tissue. The use of a cuff may be preferred, however, if
removal or replacement of the bypass tube is contemplated,
or if it is desirable to separate the steps of tissue attachment
and bypass tube placement.
0016. There is provided in accordance with another
aspect of the present invention, a method of attaching a
device to the mucosal side of a wall of the gastrointestinal
tract, the wall comprising a muscularis layer and a serosal
layer. The method comprises the steps of providing a tension
element, having a retention element thereon. The retention
element is advanced through the wall from the mucosal side
and the retention element is placed such that it is spaced
apart from the muscularis by serosal tissue, and placed on
the serosal surface. The device is directly or indirectly (e.g.
through a grommet, with intervening connectors, etc)
attached to the tension element, such that the device is

positioned adjacent the mucosal Surface. As used herein,
mucosal Surface is a term of directional orientation and

refers to the tissue surface facing the interior of the body
lumen such as the lower esophagus or stomach, which may
be covered by a mucosal layer.
0017 Changes may be caused to the serosal or other
tissue following the attaching step. The changes may be
caused to the tissue prior to the attaching step. The changes
may be caused to the tissue as a biological response to
tension on the tension element, biasing the retention element
against the serosal Surface. Alternatively, the changes may
be caused to the serosal tissue in response to the application
of an active agent. The active agent may comprise a growth
factor, a Sclerosing agent, or other agent or process for
increasing the tissue density (e.g. initiating a fibrotic
response) of the serosal tissue residing between the retention
element and the muscularis.
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0018. In accordance with a further aspect of the present
invention, there is provided a method of treating a patient.
The method comprises the steps of providing a gastrointes
tinal attachment cuff having a tubular body, a proximal end
and a distal end. The gastrointestinal cuff is positioned in the
patient’s digestive tract adjacent a mucosal Surface in the
vicinity of the gastroesophageal junction, the mucosal Sur
face separated from a serosal Surface by a wall thickness.
The gastroesophageal cuff is secured adjacent the mucosal
Surface by advancing at least three tissue anchors through
the mucosal Surface, across the wall thickness and through
the serosal Surface to position a transverse retention Surface
of each tissue anchor in contact with the serosal Surface.
Preferably, the foregoing steps are accomplished endoscopi
cally.
0019. The securing step may comprise advancing at least
6 tissue anchors through the mucosal Surface, and, in certain
applications, at least 12 tissue anchors.
0020. The tissue anchor comprises a tension element such
as a Suture for connecting the transverse retention Surface to
the cuff. The transverse retention surface may be a surface
on a T-tag, a disk, or other retention structure. The length of
the tension element may be at least about 75% of the wall
thickness between the mucosal Surface and the serosal

surface. Preferably, the length of the tension element is at
least about 95% of the wall thickness, and, optimally, the
length of the tension element is at least about equal or
greater than the wall thickness. In one embodiment the
length of the tension element is at least about 120% of the
wall thickness.

0021. The method may additionally comprise the step of
providing an elongate flexible gastric bypass tube having a
proximal end and a distal end, and attaching the proximal
end to the cuff. The proximal end of the bypass tube may be
attached to the cuff endoscopically. The attaching the proxi
mal end of the bypass tube to the cuff step may comprise
removably attaching the proximal end of the bypass tube to
the cuff. The distal end of the bypass tube may be positioned
in the patient’s jejunum, in the patient's ileum, or in the
patients duodenum.
0022. The flexible gastric bypass tube may additionally
be provided with an optional restrictive opening. The restric
tive opening may be positioned anywhere along the length
of the sleeve, preferably between the GEJ and the pyloris.
The restrictive opening may be provided in any of a variety
of ways, such as by including an additional annular com
ponent within the tubular sleeve, providing a restrictive band
or component on the exterior of the tubular sleeve, or by
molding or otherwise forming the restrictive opening as an
integral part of the sleeve.
0023. Further features and advantages of the present
invention will become apparent to those of skill in the art in
view of the detailed description of preferred embodiments
which follows, when considered together with the attached
drawings and claims.
BRIEF DESCRIPTION OF THE DRAWINGS

0024 FIG. 1 shows a gastrointestinal sleeve device
attached to a cuff positioned in the vicinity of the gastroe
Sophageal junction.
0025 FIG. 2 is a cross sectional view taken along the line
2-2 in FIG. 1.
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0026 FIG. 3 is an enlarged cross sectional view of the
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0029 FIG. 5B shows a schematic illustration as in FIG.
5A, at a post implantation stage when the anchor has
relocated into the serosa, and a layer of increased tissue
density has formed on a proximal side of the tissue anchor.
0030 FIG. 5C is a schematic illustration as in FIG. 5B,
with the anchor relocated proximally into the plane of the

serosal anchors disclosed herein may be utilized to Support
any of a variety of valves or constricted openings designed
to treat gastroesophageal reflux disease (GERD), by aug
menting natural function of the lower esophageal sphincter
or replacing that function. Any of a variety of obesity
devices may also be attached to the attachment cuff and/or
using the serosal anchors disclosed herein, such as electrical
stimulation and/or pacing devices, or volume occupying
devices which hang from or are otherwise attached to the
vicinity of the lower esophageal sphincter into the stomach.
Any of a variety of drug delivery reservoirs may also be
stabilized within the gastrointestinal system using the cuff
and/or anchoring systems disclosed herein. Diagnostic
devices, such as pH detectors, analyte detectors, pressure
sensors may also be temporarily or permanently secured
within the gastrointestinal system using the technologies

muscularis.

disclosed herein. The attachment cuff and/or associated

cuff of FIG. 1.

0027 FIG. 4 shows a schematic illustration of the GEJ
and the SCJ or Z-line and the target tissue Zone identified by
the present inventors.
0028 FIG. 5A shows a schematic illustration of a tissue
anchor placed adjacent the serosa at the time of implanta
tion.

0031 FIGS. 6A-6B show an attachment cuff attaching a
gastrointestinal sleeve device using T-tags secured with a
button.

0032 FIGS. 7A-7B show two views of a T-tag embodi
ment of a tissue anchor.

0033 FIG. 8A is a side elevational cross section through
a partially inverted sleeve.
0034 FIG. 8B is a side elevational cross section through
a sleeve, showing an absorbable distal closure.

0035 FIG.9A is a partial cross sectional view of a sleeve

having a single invention.
0.036 FIG.9B is a partial cross sectional view of a sleeve
having a double invention.
0037 FIG 10 illustrates a method and apparatus for
placing T-tag fasteners at the gastroesophageal junction
(GEJ).
0038 FIGS. 11A-11D show a method of T-tag fastener
delivery.
0.039 FIG. 12 shows a cuff being parachuted into place
along a plurality of Suture tails.
0040 FIG. 13 is a perspective, fragmentary view of a
gastrointestinal bypass sleeve connected to an attachment
cuff using Sutures or clips.
0041 FIG. 14 is a perspective, cross sectional view of a
gastrointestinal bypass sleeve being advanced distally
through a previously attached cuff.
0.042 FIG. 15 is a perspective, cross sectional view as in
FIG. 14, after the gastrointestinal bypass sleeve has been
fully distally advanced into a sealing relationship with the
attachment cuff.
DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

0043. The present invention provides devices and meth
ods for attaching an implant within the gastrointestinal
system. Although described primarily in the context of
Supporting an endolumenal bypass sleeve, the attachment
technology of the present invention can be untilized to
support any of a variety of devices which may be desirably
positioned within the stomach or elsewhere in the gas
trointestinal system. For example, the attachment cuff and/or

serosal anchors may further be utilized to accomplish
endolumenal anastomosis, or to span a defect or disease
condition, Such as an ulceration or other gastrointestinal
anomaly.
0044) Notwithstanding the foregoing, the present inven
tion will be described primarily in the context of gastrointes
tinal sleeve devices that can mimic a Roux-en-Y gastric
bypass by effectively reducing stomach Volume, bypassing
a portion of the stomach and/or Small intestines, reducing
nutrient absorption in the stomach and/or Small intestines
and depositing minimally or undigested food farther than
normal into the intestines, thereby stimulating intestinal
responses.

0045 FIG. 1 shows a gastrointestinal sleeve device 100
attached to an artificial attachment cuff or stoma device 102

implanted within a patient’s stomach 104. The attachment
cuff 102 can be implanted in the vicinity of the gastroesoph
ageal junction 106, or at the outlet of a Surgically created
gastric pouch (not illustrated). The attachment cuff 102
preferably does not restrict the flow of food, although it may
be provided with a restrictive opening if desired. The cuff
102 can have a fixed diameter opening 108 equal to, larger
or smaller than the fully open diameter at the native GE.J.
Alternatively, the cuff 102 can have an adjustable stoma
opening or it can be a 'smart’ stoma that adjusts the size of
the stoma opening in response to various conditions.
0046) The attachment cuff 102 is preferably configured
for peroral delivery and attachment using endoscopic tech
niques. Alternatively, the cuff 102 can be implanted using
laparoscopic or open Surgical techniques. Additional details
of the cuff, stoma and attachment are found below, and in the

related applications previously incorporated by reference
herein.

0047 The gastrointestinal sleeve device 100 is an elon
gated flexible tubular structure that is permanently or remov
ably attached to the attachment cuff 102 such that food and
liquids pass through the cuff 102 and enter the internal
lumen of the sleeve device 100. The attachment cuff 102 and

the gastrointestinal sleeve device 100 can be implanted
simultaneously, or the attachment cuff 102 can be implanted
by itself and then the gastrointestinal sleeve device 100 can
be attached to the attachment cuff 102 in the same or a

Subsequent procedure. Optionally, a line of Staples or other
fasteners may be used with any of the devices disclosed
herein to create a gastroplasty to reduce the Volume of the
stomach.
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0.048. In conjunction with the cuff and/or gastric sleeve,
the Volume of the stomach can be reduced by Suturing,
Stapling, adhesives or other technique using open, transeph
ageal or laparoscopic techniques. Alternatively or in addi
tion, a gastric balloon or other Volume displacement device
may be used in conjunction with the gastric sleeve to provide
a feeling of Satiety. These adjunctive techniques may have
the effect of further reducing nutrient intake (in the case of
a stomach reduction and pouch formation upstream of a
stoma) and enhancing the effect of peristaltic motions of the
stomach for moving food through the gastric sleeve intake
(in the case of a stomach reduction downstream of a stoma
where there is a gastric sleeve).
0049 Returning to FIG. 1, a gastrointestinal sleeve
device 100 is attached at the GEJ with an attachment cuff

102. Tissue anchors, described below, have been omitted

from FIG. 1 for simplicity. The cuff 102 may include a
plurality of preformed attachment structures 110 for attach
ment of tissue anchors as is discussed below.

0050. The implantable cuff and/or attachment system is
preferably configured to avoid causing excessive force or
pressure within the tissue by having compliance that is
compatible with the gastrointestinal tissues where it is
attached. Device compliance can also be important for
providing a leak free seal between an implanted device and
the tissue at the attachment point. Compliance can be
provided in the radial or circumferential direction and/or in
the vertical, axial or longitudinal direction. The device may
have different compliance in different regions to be com
patible with the tissue at the attachment point and at other
portions of the gastrointestinal tract through which it runs.
The device may have different compliance in different
directions to be compatible with the tissue at the attachment
point while simultaneously achieving other goals of the
device. Compliance can be provided in a number of different
ways. One way is by elastic or plastic deformation of the
device and/or the attachment means. Another way is by a
mechanical decoupling that allows relative movement
between the device and the attachment points, and/or
between the attachment points themselves, without trans
mitting excessive force or pressure to the tissue.
0051. In some clinical situations, it will be desirable to
match compliance between the device and the tissue to
which it is attached. In other situations, based upon the
clinical situations, it may be desirable to provide a device
with higher or lower compliance than the adjacent tissue to
achieve certain objectives.
0.052 Preferably, the attachment cuff 102 is highly flex
ible or compliant in the radial direction so that expansion
and contraction of the stomach and esophagus due to con
tents and/or muscular action will not place additional, or
actually reduce, stress on the attachment points. An elasto
meric material. Such as silicone or polyurethane that pro
vides approximately 150% or more stretch in the radial
direction may be used. At the same time, an attachment ring
or other structure for attaching the sleeve, where utilized,
may have enough lateral rigidity to act as a mounting
platform for the gastrointestinal sleeve device and to resist
downward movement due to the weight of the gastrointes
tinal sleeve device and its contents and peristaltic traction on
the sleeve. The lateral rigidity of any sleeve attachment
structure can be enhanced with radially oriented bending
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reinforcements, such as ribs or embedded reinforcement

members. Alternatively, the attachment cuff can be flexible
and compliant and other means such as hooks, Sutures
Staples, etc., can be used for sleeve attachment.
0053) Referring to FIG. 1, the attachment cuff 102 com
prises a highly flexible tubular wall extending between a
proximal (superior) end 118 and a distal (interior) end 120.
The wall may be permeable or substantially impermeable to
body fluids, and may comprise any of a variety of weave
densities and/or aperture patterns either to effect flexibility,
fluid transport, or to accommodate attachment as is dis
cussed further below.

0054) The axial length of the cuff 102 between the
proximal end 118 and distal end 120 can be varied consid
erably, depending upon the desired attachment configura
tion. In general, axial lengths within the range of from about
0.25 inches to about 6 inches will be used. Axial lengths
within the range of from about 0.5 inches to about 2.0 inches
may be sufficient to support a detachable endolumenal
bypass sleeve as contemplated herein. In general, the axial
length of the attachment cuff 102 may be influenced by the
desired location of the seam 103 between the attachment cuff

102 and the sleeve 100, or other device which is to be
attached to the cuff 102.

0055. The attachment cuff 102 may be constructed from
any of a variety of materials which are sufficiently flexible
and stable in the environment of the stomach. Suitable

materials may include woven or nonwoven fibers, fabrics or
extrusions using materials such as polyester Velour
(Dacron), polyurethane, polyamide, ePTFE. various densi
ties of polyethylene, polyethylene terephthalate, silicone, or
other materials which in the form presented exhibit sufficient
compliance, stretch, strength, and Stability in the gastric
environment.

0056. The inside diameter of the cuff 102 can also be
varied, depending upon the desired clinical performance.
For example, the cuff may be provided with a stoma or
inside diameter which is less than the inside diameter of the

adjacent esophagus. Alternatively, the inside diameter of the
cuff 102 may be approximately equal to or even greater than
the native esophagus. In general, inside diameters within the
range of from about 15 mm to about 40 mm are contem
plated, and often within the range of from about 20 mm to
about 35 mm for use in human adults.

0057. In the illustrated embodiment, the cuff 102 is
provided with a plurality of attachment structures 110 in the
form of apertures 122. These apertures 122 are provided to
facilitate anchoring of the cuff 102 to the adjacent tissue. In
either an endoscopic or Surgical implantation, a plurality of
tissue anchors will be pre-attached to, or advanced through
the wall of the cuff 102 and transmurally through the
adjacent tissue as is discussed elsewhere herein. Provision of
a plurality of anchoring points such as apertures or other
structures which facilitate positioning and/or attachment of
tissue anchors may desirably help with anchor location as
well as reduce the amount of force necessary to advance
t-tags or other anchoring structures through the wall of the
cuff 102.

0058. In an embodiment which utilizes apertures 122 to
facilitate tissue anchoring, the number of apertures 122 may
correspond to or be greater than the total anticipated number
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of tissue anchors. In general, at least about four apertures
122 and as many as eighteen or twenty are presently
contemplated, with from about eight apertures to about
sixteen apertures presently preferred. In one embodiment,
twelve tissue anchors are used.

0059) Preferably, the apertures 122 in an embodiment of
the cuff 102 made from a thin walled woven or non-woven

material will be provided with a reinforcement ring (one
reinforcing ring per aperture, or one reinforcing ring for the
implant, superior to the apertures 122) to prevent pull-out of
the associated anchoring structures, as will be appreciated by
those of skill in the art in view of the disclosure herein. The

reinforcement ring, where used, may be a separate compo
nent such as a grommet attached at each aperture to the cuff
102 Such as by thermal bonding, adhesives, mechanical
interference or other technique. Alternatively, particularly in
the case of a fabric cuff 102, the reinforcement may be
provided by stitching around the perimeter of the aperture
122 in the manner of a buttonhole as is understood in the art.

0060. In the illustrated embodiment, each of the plurality
of apertures 122 resides in a common transverse plane,
positioned in the patient at or slightly above the gastroe
sophageal junction. Alternatively, the apertures 122 may be
provided in two or three or more transverse planes, such as
to permit attachment points in a Zig-Zag orientation around
the circumference of the attachment cuff 102. For example,
a first set of apertures 122 (Such as every otheraperture) may
be axially displaced from a second set of apertures 122 by
a distance within the range of from about 1 mm to about 10
mm, to provide a first and a second transverse attachment
plane. Axially staggering the location of the attachment
apertures 122 may be desirable depending upon the number
and configuration of tissue anchors and tissue anchor rein
forcement structures as may be apparent to those of skill in
the art in view of the disclosure herein.

0061 Referring to FIG.3, a plurality of attachment points
124 may also be provided on the cuff 102, for permanently
or removably attaching the bypass sleeve 100. In the illus
trated embodiment, the attachment points 124 each comprise
an aperture 126 for receiving a Suture hook, clip or other
interference coupling, magnet assisted coupling or other link
128 to couple the bypass sleeve 100 to the cuff 102. The
bypass sleeve 100 may be attached to the cuff 102 in any of
a variety of ways, such as is discussed elsewhere herein. In
general, the present inventors contemplate a releasable
attachment between the sleeve 100 and cuff 102, to permit
removal and/or exchange of the sleeve 100 as has been
discussed elsewhere herein.

0062 Referring to FIG. 2, there is illustrated a cross
sectional view transverse to the longitudinal axis of the
esophagus through the tissue attachment plane. Although the
cuff 102 and tissue anchors appear rigidly geometric in the
illustration, it is to be appreciated that the configuration will
be subject to constant motion and random configuration, as
the wall of the esophagus and stomach collapse and expand,
with as little resistance as possible from the cuff 102 and
associated attachment structures.

0063. In FIG. 2, the cuff 102 is illustrated as snugly fitted
against the mucosal Surface 130 of the esophageal or stom
ach wall 132. A plurality of anchor assemblies 134 are
shown for illustration purposes. The particular anchor
assemblies 134 illustrated in FIGS. 2 and 3 may be best
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Suited for Surgical implantation, while Some of the t-tag
embodiments disclosed elsewhere herein may be more
readily adapted for endoscopic implantation. The anchor
assemblies 134 are therefore provided for illustration pur
poses, but should be understood as only a single example of
the broader transmural, serosal Surface anchoring of the
present invention.
0064 Referring to FIG. 2, the anchor assembly 134
comprises a transverse retention Surface 136 for positioning
against the serosal Surface 138 of the esophagus or stomach
wall (illustrated as a single, homogenous layer for simplic
ity). The transverse retention surface 136 may be a surface
on a t-tag, disc, or other structure. In the illustrated embodi
ment, the surface 136 is carried by a small circular or oval
button 140, although T-tags and other structures disclosed
herein may be used, all of which are adapted to distribute
force over a predetermined surface area. The button 140 may
comprise any of a variety of materials, and, in one embodi
ment, comprises a silicone disc.
0065 Due to the physical characteristics of silicone, a
reinforcement element 142 in the form of a smaller disc or

transverse structure may be embedded within, or provided
on the radially outwardly facing surface of the disc 140. This
reinforcement element 142 allows distribution of force from

the tension element 144 across a greater Surface area on the
disc 140, to avoid "cheese cutter” effects or other pull
through under tension exerted on the tension element 144.
The desirability of including a separate reinforcing element
142 will go down, as the durometer or other rigidity char
acteristic of the disc 140 increases. Element 142 may
comprise any of a variety of materials which will be bio
compatible and generally stiffer than the disc 140, such as
any of a variety of polyethylenes, PEEK, PEBAX or other
materials well known in the art.

0066. In the illustrated embodiment, the tension element
144 comprises a suture which extends from the inside of the
esophagus transmurally to the reinforcing element 142 and
loops back through the wall of the esophagus where it is
clipped, tied, locked or otherwise secured at a connection
point 146. The tension element may comprise either a single
filament, or two or more filaments as illustrated, depending
upon the desired installation technique and physical prop
erties of the final construct.

0067. A second reinforcing element 148 may also be
provided, to serve the analogous function as the first rein
forcing element 142, and resist pull through of the tension
element 144 under the influence exerted on the implant by
peristalsis and other gastrointestinal movement. The second
reinforcing element 148 may be in the form of a disc, T-tag
or other structure having a force distributing Surface thereon.
Alternatively, reinforcing element 148 may be a thickened,
treated or reinforced Zone on or within the wall of the sleeve.

Additional details oft-tag attachment and related structures
will be provided below.
0068 The present inventors believe that some areas of
the esophageal or gastric wall exhibit physical properties
more conducive to retaining attachment structures than other
areas. For example, an attachment Zone 160, shown in FIG.
4, directly above the squamocolumnar junction (SCJ) 162,
also known as the Z-line, ora Serrata, and mucosal GE.J. may
be such an area. The SCJ marks the junction of the squamous
mucosa of the esophagus and the columnar or glandular
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mucosa of the stomach. The SCJ may be located at or below
the lower esophageal sphincter (LES).
0069. The device may, in one preferred embodiment, be
attached in an attachment Zone 160 no more than about 2 cm

and preferably no more than about 1 cm above the SCJ 162
and below the esophagus 164 where the squamous mucosa
is thicker than the squamous mucosa of the esophagus 164
and where there exists a serosal outer surface not exhibited

at the esophagus 164. The thicker layer of squamous mucosa
in the attachment Zone 160 terminates distally at the endo
scopically visible transition to the glandular mucosa of the
stomach 166 which occurs at the SCJ 162. The device is also

preferably attached at a location in the attachment Zone 160
so as to minimize the risk of reflux. The SCJ 162 can be

located relative to otheranatomical regions. It normally may
be found at the gastroesophageal junction (GEJ). The GEJ is
the region at which the tubular esophagus joins the Saccular
stomach. The GEJ can be considered the first part of the
stomach 166 or the cardia and is located at the proximal
margin of the longitudinal gastric mucosal folds or in the
distal 2 cm of the esophagus 164 and proximal stomach 166.
Endoscopically, the location of the GEJ can be approximated
by identifying the proximal margin of the gastric folds.
0070 Thus, a first aspect to the location of attachment of
the devices disclosed herein relates to the position of the
attachment structures along the axis of the hollow lumen or
organ. As described above, the attachment location in the
axial direction is preferably in the vicinity of the gastroe
sophageal junction, and particularly just above the SCJ. This
attachment site can be located endoscopically by observing
the color change which occurs at the SCJ, and retracting or
positioning the attachment structures of the endoscope
slightly above that line.
0071. A second aspect to the location of the attachment
structure relates to the depth within the adjacent tissue wall
(i.e., in a transverse direction to the longitudinal axis of the
esophagus described above) within which the various
anchors or retention structures disclosed herein reside.

Applicants believe that the location in the transverse direc
tion is Subject to migration or other change post-implanta
tion, as described in connection with FIGS. 5A through 5C.
0072 Referring to FIG. 5A, there is disclosed a highly
simplified schematic cross sectional view of a tissue wall
Such as the wall of a hollow organ or lumen in the body,
including the wall at the vicinity of the gastroesophageal
junction. The tissue wall comprises a serosa 170 and a
muscularis 172. Additional tissue layers have been omitted
for simplicity. In general, as is appreciated by those of skill
in the art, the serosa 170 is on the outside of or faces away
from the stomach, and the muscularis is on the inside, or
faces towards the interior of the stomach. The serosa 170

thus includes a serosal surface 174 which faces away from
the interior of the stomach, and the muscularis 12 includes
a muscularis surface 176 which faces towards the interior of
the stomach.

0073. An attachment device oranchor 178 is illustrated in
part in FIGS.5A through 5C. The attachment device 178 can
take any of a variety of forms, described elsewhere herein.
In general, the attachment device 178 includes a retention
element 180 having at least one retention surface 182
thereon. The retention element 180 may be integrally formed
with or attached to a tension element 184, which extends
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through the tissue wall and is secured to the device
implanted within the gastrointestinal tract. Although the
attachment mechanisms disclosed herein will be defined

primarily in the context of an obesity device, which is
attached in the vicinity of the GEJ, those of skill in the art
will appreciate that the attachment system disclosed herein
may be utilized in any of a wide variety of other anatomical
locations, such as in the bronchial tubes, urethra, ureters,

fallopian tubes, throughout the GI tract, and others which
share a serosa or serosa like layer, Such as in the kidney,
bladder, and other organs, as would be recognized by those
skilled in the art.

0074) Referring to FIG. 5A, the retention element 180 is
illustrated with the retention surface 182 residing against the
serosal surface 174. Retention surface 182 may comprise
any of a variety of forms, such as a proximal Surface on a
T-tag, proximal Surface on a washer or disc, or any other
surface which extends in a generally lateral direction with
respect to a longitudinal axis of the tension element 184. The
transverse retention surface 182 may be radially enlargeable
or expandable from a first, reduced cross-sectional configu
ration to provide a low crossing profile Such as for deploy
ment through a deployment cannula, and a second, radially
expanded or enlarged cross-sectional profile as illustrated in
FIG. 5A, to provide a retention surface 182 which will
engage or interfere with tissue of the serosa 170 or muscu
laris 172 to resist proximal retraction of the attachment
device 178 through the tissue. Transformation between the
first configuration and second configuration can be accom
plished in any of a variety of ways as is discussed further
herein, such as by pivoting the retention element 180 about
the attachment point to tension element 184, by radial
expansion, by inflation, or other technique.
0075 Tension element 184 may comprise any of a variety
of connectors or elements adapted to extend through the
tissue wall. Such as a Suture, or other single stand or
multi-strand filament or material. In some embodiments the

tension element 184 is formed of a polymer such as PEEK
or silicone. The tension element 184 may also, in some
embodiments, have elastic properties. In other embodiments
the tension element 184 does not have elastic properties. By
use of the term tension element, no specific mechanism is
Suggested, and the element is not required to be under
mechanical tension.

0076. The attachment device, otherwise sometimes
referred to herein as a tissue anchor, T-tag or other label, it
is illustrated in FIG. 5A in a schematic fashion as it may
appear at the time of implantation. Since in certain imple
mentations of the invention the length of the tension element
184 will exceed the uncompressed thickness of the adjacent
tissue wall, the retention surface 182 may even be spaced
slightly apart from the serosal Surface 174 depending upon
the transient motion or configuration of the stomach at any
given time.
0077. Without being limited to any particular structure or
mechanism, Applicants believe that the presence of the
attachment device may cause or accelerate the formation of
a layer 186 of serosal tissue having increased tissue density
relative to unaffected or normal serosal tissue. The layer of
increased density 186 may result from a process in which the
transverse retention Surface 182 places pressure against the
serosa 170, causing a localized necrosis due to the restriction
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of capillary blood flow. The necrosed tissue thereafter
fibroses, as a part of a normal healing response. The layer of
increased density 186 or fibrosis may also result from a
foreign body reaction triggered by the presence of the
transverse retention surface 182. Applicants have observed
a greater degree of fibrosis or denser tissue on the side of the
T-tag facing the lumen of the stomach, for example on the
retention surface 182.

0078. In certain animal trials conducted by Applicants in
which the animals were sacrificed five weeks following
implantation of the attachment device 178, successful
anchors appeared similar to the simplified Schematic illus
tration of FIG. 5C. In this illustration, the location of the

retention element 180 has changed relative to the serosa 170
and muscularis 172, and the distal surface 188 of the

retention element 180 has been covered with an overgrowth
of serosal tissue 190. A fibrotic layer 186 is positioned in
between the retention surface 182 and the muscularis 172.

Although illustrated only on the proximal side of the reten
tion element 180 where the greatest degree of fibrosis has
been found to occur, the fibrotic response appears to some
extent to surround and wall off the entire retention element
180.

0079. It appears to the present inventors that formation of
a sufficient fibrotic response on the proximal side of the
retention surface 182 decreases the likelihood that the
attachment device 178 will relocate to the inside of the

Stomach under normal agitation of the stomach, changes in
the thickness of the stomach wall, and other conditions

normally occurring in the stomach. A similar response is
schematically illustrated in FIG. 5C, in which the layer 186
of high density serosal tissue remains on the proximal side
of the retention element 180, however one or both of the

layer 186 and retention element 180 have relocated to below
the normal plane 192 separating the serosa 170 from the
muscularis 172 and will remain there.

0080. It appears to the present inventors that if the device
design and/or retention element 180 design are such that in
normal use the retention element 180 relocates to a position
in the muscularis 172 and past the serosa 170 before a
sufficient fibrotic response, the retention element 180 may
relatively easily pass through the muscularis 172 and failure
will result. Thus, it may be desirable in certain implemen
tations of the invention to facilitate or accelerate the forma

tion of the fibrotic layer 186. This may be accomplished in
any of a variety of ways which will be appreciated by those
of skill in the art in view of the present disclosure, such as
by the introduction of an active agent which will trigger a
fibrotic response. Suitable active agents may include any of
a variety of growth factors, and/or chemical Sclerosing
agents which are well known for other medical applications.
The surfaces of the retention element and tension element

may also be provided with an anti-bacterial characteristic,
Such as by eluting an antibiotic agent, or having a bacterio
static or bacteria inhibiting coating. Drug eluting coatings
are well understood in the coronary stenting arts, and can be
adapted for use in the present context by those of skill in the
art.

0081 Active agents may be applied as a coating to the
retention surface 182 or retention element 180, or may be
impregnated into the material of retention element 180
and/or tension element 184. Such as to permit a timed release
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into adjacent tissue. Incorporation may be accomplished by
loading the active agent into tortuous pathways or pores
exposed to the surface of the retention element 180, or by
inclusion in a bioabsorbable or bioerodable carrier attached

to or positioned in the vicinity of the retention surface 182.
Energy sources may also be utilized, such as to generate heat
or otherwise stimulate formation of a fibrotic response, as is
discussed further below. Formation of the fibrotic layer 186
may also be facilitated by mechanical means, for example,
in one embodiment, by roughening the retention Surface 182
with the addition of fibrotic layer enhancement structures
Such as a plurality of bumps or etched lines.
0082 FIG. 6A shows an implanted gastrointestinal sleeve
device 200 attached by an attachment cuff 214 with the use
of T-tags 207. FIG. 6B is an enlarged view of the attachment
cuff 214 attached with T-tags 207 showing the transverse
retention elements 209 of the T-tags 207 embedded in the
stomach wall, as may be observed several weeks post
implantation.
0083) T-tag type fasteners can be used endoscopically to
attach many of the structures described herein. A T-tag is
basically a retention element 180 in the form of a cross
member or “T” that is attached to a tension element 184 in

the form of an elongated member or tail at or near the
mid-point of the T. A “stem” may be a structure at the joining
point of the T and tail. From the perspective of a peroral
attachment technique, in which the attachment devices are
preferably advanced through muscularis 172 in the direction
of the serosa 170, the stem or tension element will be

referred to herein as relatively proximal to the cross member
on the T-tag. The T-tag is a member of a more general family
of tissue anchors, in which a proximally facing Surface 182
(such as the proximal Surface of the cross member) is
adapted to be bent, folded, or otherwise reduced in crossing
profile to a first configuration in which it can be advanced
distally through a relatively small tissue opening, to a second
configuration in which it presents a proximal serosal Surface
contacting area for resisting proximal retraction through the
access pathway. Thus, although described primarily in the
context of a T-tag and variations thereof, the present inven
tion relates more broadly to tissue anchors of the type for
presenting a retention Surface which may have any of a wide
variety of configurations. Some are described in additional
detail below. The stem may also be referred to herein as a
tension member, and may comprise a Suture, or other single
Strand or multi-strand element for drawing the tissue anchor
against the serosal tissue and/or connecting the tissue anchor
to the implantable cuff or other endolumenal implant.
0084 T-tag fasteners are generally configured to flex or
pivot at the juncture of the T and tail to allow delivery along
the axis of the T through a minimal puncture diameter. T-tag
fasteners can be configured with an extended tail that may
extend out the mouth and optionally be used to parachute
devices for attachment into position in vivo. Other T-tag
configurations can include, crimp, Snap, screw or other
means of securing the T-tag tail when appropriate. One
embodiment of a T-tag fastener could include a dual tail.
Such a dual tail could be combined with extended tails that

could then be tied out side the body with the ensuing knots
then tightened within the body. Such a dual tail could be
constructed of one of a number of non-biodegradable suture
materials known in the art including polypropylene, nylon,
braided Dacron or silk. In some clinical situations biode
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gradable tails could be indicated and could be constructed
using materials described herein. In a preferred embodiment
the tails could be constructed of a monofilament material.

0085. In certain implementations of the present inven
tion, it may be desirable to increase the effective surface area
of the retention surface 182. This may be accomplished
using any of a variety of disc or button shaped attachment
devices 178 disclosed herein, or by introducing a buttressing
component or element in the nature of a washer or other
structure for enlarging the effective surface area. This but
tressing structure may sometimes be referred to herein as a
pledget. The buttressing material is generally configured
perpendicular to the axis of the tension element 184 (e.g.
suture, rivet or staple) and therefore best distributes forces
along the axis of the attachment means.
0.086 T-tags or other serosal anchors can be delivered
through a hollow needle type delivery system (e.g. TAN
CHORINTRODUCER GUN (Moss, Moss Tubes)) that has
been redesigned/modified so it can be passed through the
working channel of an endoscope. A T-tag can be provided
with an elongated tail that can extent out through the mouth
and be used to parachute structures into place in-vivo.
0087. In one embodiment the T-tags are placed such that
the sutures of the T-tags could be knotted outside of the body
and the knots could be pushed down the working channel or
outside of the working channel of the scope until positioned
to retain the cuff. The suture tails could subsequently be
removed. To facilitate management of all the suture tails,
two T-tags could first be placed to secure the cuff followed
by placement of the rest of the T-tags. In a preferred
embodiment the T-tag tension elements, such as tails,
sutures, or other structures as described herein, would ter

minate in the stomach, Such as by tied knots, sliding buttons,
or preexisting terminated ends. Such that they would not
need to be brought outside of the body.
0088 As an alternative to tying sutures outside of the
body, any of a variety of suture locks may be utilized to
secure the Suture with respect to the cuff. In general, a Suture
lock is provided with a central aperture for moveably
receiving the Suture therethrough. The lock may be config
ured for one way advance along the Suture, having a spring
biased engaging element for resisting movement of the lock
in the opposite direction. Alternatively, a central plug may be
advanced into the central lumen, to compress the Suture
within the suture lock and retain the suture lock at a selected

position. Any of a variety of clips may also be axially or
radially moved into position, to engage the lock with the
suture. The suture lock may be advanced down the suture
and positioned with the desired tension against the interior
Surface of the cuff, and activated as necessary to lock the
Suture lock in place. The remaining Suture tail may be
severed, using conventional endoscopic techniques.
0089 Alternatively, the suture lock may be secured to the
cuff 102 such as at each aperture 122, prior to implantation
of the cuff 102 in the patient.
0090. Many of the serosal anchors described herein can
be formed using a single piece of Polypropylene, Nylon,
PEEK, silicone, or other polymeric material well known in
the art for use in construction sutures, which forms the “T”

and tail as a single unit. Alternately two different materials
can be combined, for example by insert molding, to achieve
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different properties of the “T” and tail. In another embodi
ment this could be combined with a “T” portion that is
coated with a material selected for specific clinical proper
ties such as encouraging or discouraging either in-growth or
adhesion. The “T” portion may also be surrounded by
another material such as ePTFE or Dacron graft material.
“T” diameter or serosal surface contacting width can vary
for example ranging from 0.5 mm to 3.0 mm in diameter for
nylon or polypropylene with the typical “T” having a
diameter of 1-2 mm. A tail could be the dimension of a

standard suture and could generally vary from 5-0 to 0 (USP
standard classification) though Smaller or larger sizes may
be appropriate in certain clinical situations.
0.091 FIGS. 7A & 7B illustrate a curved T-member 300
for a T-tag fastener. The convex curved tissue-contacting
Surface 302 of the curved T-member 300 serves to distribute

the attachment force for an implanted device smoothly
across the tissue to minimize any stress concentrations or
higher pressure spots that could cause tissue necrosis and/or
erosion. The T member 300 has a double eyelet 304 for
attachment of a suture or other filament. The T-member is

preferably molded of a fairly rigid, high strength biocom
patible polymer such as PEEK.
0092 FIGS. 23A-23B of application Ser. No. 11/124,
634, previously incorporated by reference, illustrate a T-tag
fastener 2200 with a hydrogel disc 2204 that can be placed
between the deployed T-member 2208 and the extragastric
(serosal) surface. The disc 2204 could be delivered through
the T-tag delivery needle, and unroll after passage through
the needle. The hydrogel disc 2204 acts as a buttress or
pledget to distribute the forces transmitted between the
T-member 2208 and the extragastric surface and thereby it
strengthens the attachment of the T-tag fastener 2200. The
hydrogel used in FIGS. 23 A-23B can optionally be replaced
with alternate materials described herein for example sili
cone, NiTi and fluoropolymers. A Hydrogel or other buttress
or Teflon pledget for a T-tag could also deploy in Some other
manner. The disc configuration shown can be replaced with
for example, braided or woven wires or filaments that would
expand/deploy after passage through the needle (FIGS.
24A-24B), a Malecot-style deployable tubular structure
(FIGS. 25A-25B) or other expandable or deployable con
figuration (e.g. FIGS. 26A-26B). Although FIGS. 23A-23B,
24A-24B, 25A-25B, and 26A-26B illustrate T-tag fasteners,
such as 2200 in FIGS. 23A-23B used with T-members 2208,

uses of the T-tag fasteners without T-members and just with
the hydrogel disc 2204 of FIGS. 23A-23B or the woven
filaments, Malecot-style tubular structure, or the expandable
structure of FIGS. 24A-24B, 25A-25B, and 26A-26B,

respectively, are also contemplated.
0093. In the above examples where it has been suggested
that a fixed distance between the T-member and the device

it is being used to attach is desirable it has been Suggested
that in Some cases a distance greater than the thickness of the
captured gastric wall may be clinically indicated. This is due
to the ability/tendency/possibility that the gastric wall could
react to the presence of a foreign body (the attachment
structures) by thickening. In this event, in Some cases, it can
be clinically preferable that the preset distance accommo
date Some or all of this increase in wall thickness.

0094) The cuff 102 and sleeve 100 may be formed as an
integral unit, or Supplied to the clinical site as a single unit,
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for installation as one piece. Alternatively, the cuff 102 and
sleeve 100 are provided as separate components, with an
instruction that the cuff is inserted first as described else

where herein, followed by insertion of the sleeve 100 and
attachment of the sleeve 100 to the cuff 102. The sleeve 100

may be attached to the cuff 102 in any of a variety of ways,
depending upon the ease with which removal may be
desired. For example, Stitching or clipping may be accom
plished, as described previously. Alternatively, any of a
variety of snap fit, interference fit, hooks, loops or other
techniques may be utilized.
0.095 Referring to FIG. 13, there is illustrated a perspec
tive fragmentary view of a device as seen in FIG. 1. In this
implementation, a plurality of connectors 128 are provided,
for connecting the sleeve 100 to the cuff 102. Connectors
128 are preferably configured for deployment through an
endoscope, and may be conventional Sutures, or hooks or
clips which may be manipulated endoscopically.
0096 FIGS. 14 and 15 show two steps in an installation
sequence. In FIG. 14, a cuff 102 has been previously
attached at a treatment site within the body, such as in the
vicinity of the GE.J. The distal end (not shown) of a sleeve
100 has been advanced through the central lumen of the cuff
102, and manipulated down the intestine as disclosed else
where herein. The proximal end of the sleeve 102 is pro
vided with an annular radially outwardly extending stop
surface as described below. As seen in FIG. 15, the sleeve

100 may be advanced distally until the stop surface on the
sleeve engages a corresponding stop surface Supported by
the cuff 102.

0097. In general, a first retention surface such as an
upwardly facing Surface 320 on a radially inwardly facing
flange 322 or plurality of tabs on the attachment device
(cuff) 102 limits distal movement of the sleeve 100 by
contacting a second retention Surface on the sleeve. The
second retention Surface may be a downwardly (distally)
facing surface 324 such as the distal surface of a radially
outwardly facing or inclined annular flange 326 or plurality
of tabs on the proximal end of the sleeve 100. In this
configuration, the sleeve may be passed through the cuff and
simply “dropped into place and the first and second reten
tion surfaces limit further distal travel of the sleeve relative
to the cuff.

0.098 Peristalsis and normal gastrointestinal tract activity
will place tension or other forces on the sleeve 100. Thus, the
connection between the sleeve 100 and the cuff 102 should
be sufficient to resist detachment under normal use condi

tions. For this purpose, the proximal end of the sleeve 100
may be provided with one or more reinforcing structures
Such as an annular ring 328. A corresponding annular ring or
band (not illustrated) may be provided on the radially
inwardly facing flange 322. If the outside diameter of the
ring 328 exceeds the inside diameter of the ring or other
reinforcing structure carried by flange 322, the sleeve cannot
be pulled from the cuff 102 unless the force applied is
sufficient to deform one or both of the complementary rings.
The structural integrity of this type of interfit structure may
be optimized, taking into account the likely tension forces
applied by the GI system, in view of the desired flexibility
and compressibility of the implant as has been discussed.
0099. In other variations of these embodiments, the tubu
lar wall of the cuff can taper inward in the distal direction for
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attaching a sleeve with a smaller diameter than the cuff or
the wall of the cuff can taper outward in the distal direction
for attaching a sleeve with a larger diameter than the cuff.
0.100 Each of these embodiments permits the sleeve to be
dropped into place or Snap fit into place by elastic or other
deformation of the interlocking retention surfaces. The
attachment can be made more secure by the addition of one
or two or more staples, Stitches of Suture adhesives ort-tags.
Removal can be accomplished using a removal tool with a
stop Surface for placing against a Surface on the cuff to
prevent proximal movement of the cuff, and a grasper for
grasping the proximal end of the sleeve and pulling the
sleeve to release it from the cuff without straining the
connection between the cuff and the tissue. Any additional
Sutures can be Snipped using conventional endoscopic cut
ting tools. The cuff may also be removed if desired, or a
different sleeve may be introduced and secured to the cuff.
0101 The gastrointestinal sleeve device 100 preferably
has a length Such that ingested food and liquids bypass most
or all of the stomach and at least a portion of the small
intestine. Undigested food and liquids exit the distal end 112
of the sleeve 100 into the small intestine 114 reducing
caloric absorption and eliciting physiological responses
within the intestines. See FIG.1. The gastrointestinal sleeve
100 can have a constant diameter throughout its length or the
diameter may vary along the length.
0102) For example, the proximal end of the sleeve 100
may be provided with a diameter that corresponds with the
diameter of the cuff 102. This may be in the vicinity of about
25 mm to about 35 mm. The sleeve may be provided with
the same diameter throughout its entire length, although this
would result in folding of the sleeve longitudinally as it
passes through the intestine. For example, the duodenum
may have an inside diameter on the order of about 15 mm.
As a consequence, one implementation of the invention
provides a sleeve having a proximal end having a first cross
sectional area, adjacent a tapered or stepped Zone across
which the cross sectional area reduces to a second, Smaller

cross sectional area. The axial length of the transition Zone
may be less than about 2 cm, and some embodiments less
than about 5 cm, and in Some embodiments no greater than
about 10 cm. Alternatively, the length of the transition Zone
may exceed 10 cm or 20 cm, where wrinkling or longitu
dinal folding of the sleeve is not sought to be avoided.
0103) The sleeve 100 and cuff 102 may be configured to
provide a restrictive opening, either within the sleeve 100 or
the cuff 102. The restrictive opening may be effectively
provided at the distal end of the transition Zone 101 illus
trated in FIG. 13. The stoma may be positioned to provide
a volume proximally of the stoma of no greater than about
100 cc, and in Some implementations of the invention no
greater than about 50 cc, and in certain applications no
greater than about 30 cc, depending upon the desired clinical
result.

0104. As has been discussed in the parent applications
previously incorporated herein by reference, additional
structures and features may included on the sleeve 100. For
example, one or more structures may be provided on the
distal end of the sleeve 100 for facilitating transport of the
sleeve 100 through the intestinal system. This may include
a balloon or other bulking structure to facilitate preferential
operation of peristalsis on the distal end of the sleeve. Any
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Such structures may be absorbable, detachable, or perma
nent, depending upon the desired clinical performance.
Alternatively, any of a variety of grasping structures such as
a grasping tab or ring may be provided to facilitate grasping
the distal end of the sleeve 100 using an installation tool,
which is advanced distally through the intestinal system.
0105 The gastrointestinal sleeve 100 can be imperme
able along the entire length or some or all of the device may
be porous or semipermeable. Preferably, the wall of the
gastrointestinal sleeve 100 is thin and flexible so that peri
stalsis is coupled to the internal lumen of the sleeve 100. A
gastric sleeve that extends beyond the pylorus 116, with or
without an intestinal sleeve component, can allow use of the
pylorus as a natural stoma by configuring the sleeve to close
by normal operation of the pylorus 116 and then open to
allow passage of food when the muscles of the pylorus relax.
The section of the sleeve device 100 that passes through the
pylorus 116 will preferably have enough wall flexibility or
compliance to allow normal opening and closing of the
pylorus to release and retain stomach contents and to allow
drainage of stomach secretions around the outside of the
sleeve. This can optionally be accomplished by the inclusion
of pleats, channels or other structures to facilitate the col
lapse and sealing of the sleeve as well as passage of gastric
secretions along the outside of the sleeve as shown sche
matically in FIG. 6A.
0106 Dimensions, materials and other specifications
described in U.S. patent application Ser. No. 11/124,634 can
be selected and adjusted based upon the clinical situation.
For example, the gastrointestinal sleeve 100 is preferably
approximately 60-180 cm in length whereby partially
digested or undigested nutrients exit from the sleeve into the
jejunum where they can elicit a hormonal, neural and/or
osmotic reaction in the jejunum, ileum and/or duodenum.
Increasing the length of the sleeve can reduce the absorption
of nutrients in a manner similar to that of a Roux-en-Y or

bypass device, as will be understood by those skilled in the
art. The sleeve may extend sufficiently far into the intestine,
Such as past the ligament of Treitz. So that it is retained in
the intestine and not pushed back into the stomach. Lengths
of at least about 50 cm, at least about 75 cm, at least about

100 cm and at least about 120 cm are contemplated,
although different lengths may be appropriate depending
upon the requirements of a particular patient. Lengths of no
greater than about 5 cm or no greater than about 10 cm or
no greater than about 20 cm may be desirable for certain
patients, depending upon the desired clinical outcome.
0107 The releasable attachment of the sleeve to the cuff
as disclosed herein facilitates removal and replacement of
the sleeve 100. Thus, the response of a particular patient to
a first sleeve having a first length can be observed. If more
or less intestinal absorption is desired, the first sleeve can be
endoscopically removed from the cuff, and replaced by a
second sleeve, having a second shorter or longer length.
Therapy is thus adjustable, which may be desirable if either
the initial sleeve length was suboptimal or if it becomes
Suboptional due to post implantation changes such as stom
ach remodeling or behavioral changes.
0108) Optionally, the sleeve can include coatings on its
interior and/or exterior to enhance the surface properties of
the sleeve in clinically relevant manners. Coating examples
include: 1) parylene coatings to increase the chemical resis
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tance of a sleeve material. 2) coating with an antimicrobial
agent to resist infection and/or 3) coating with an anti
inflammatory agent to reduce tissue inflammatory response,
as described herein. Similarly, the interior and exterior of the
sleeve can optionally be coated with a low friction material
(e.g. a hydrogel) to reduce friction of food passage (interior)
and reduce gastric irritation (exterior). One example of Such
a low friction material is a lubricious coating Such as the
PHOTOLINK LUBRICIOUS COATING manufactured by
Surmodics Inc. and disclosed on pg. 5, paragraph 58, in U.S.
utility patent publication 2005-0049718, the disclosure of
which is herein incorporated in its entirety by reference.
0109 U.S. patent application Ser. No. 10/698,148
describes the use of biodegradable or bioresorbable materi
als for construction of a gastrointestinal sleeve device to
obviate the need for removal of the sleeve device at the end

of the treatment period. The entire gastrointestinal sleeve
device or a portion of it may be made of biodegradable
material. The gastrointestinal sleeve device may be made of
biodegradable materials with different rates of degradation
or resorbtion. The gastrointestinal sleeve device may be
configured with a series of segments that biodegrade sequen
tially. For example, a first portion on the distal end of the
sleeve may degrade first, followed some time later by a
second intermediate portion and a third proximal portion.
Next the attachment between the sleeve 100 and cuff 102

would degrade and, finally, the T-tags or other fasteners
would degrade. Alternatively, the gastrointestinal sleeve
device may be configured with a series of short segments of
non-biodegradable material that are attached to one another
with biodegradable material. The biodegradable attachment
portions may be made of biodegradable materials with
different rates of degradation or resorbtion so that they
biodegrade sequentially. In either case, the biodegradable
material would allow a gradual change of therapy over time,
without having to revise or replace the implant. The patient
could get used to the gradual change in therapy more readily
than a Sudden change and may be better able to avoid a
rebound in weight gain. It may also allow for a safe mode
of degradation and elimination. The device would degrade
into pieces Small enough that they could be eliminated
without any danger of bowel obstruction.
0110. Alternatively, selected portions of the gastrointes
tinal sleeve device may be made of biodegradable material.
For example, openings in the sleeve can be covered with
biodegradable material that will gradually degrade over
time, eventually allowing food to mix with digestive secre
tions. The biodegradable material would allow a gradual
change of therapy over time, without having to revise or
replace the implant. The gastrointestinal sleeve device with
the openings in it could be left in place for long-term
maintenance of weight loss or it could eventually be
removed.

0111. In some embodiments the rate of degradation of the
biodegradable material forming the sleeve could be coordi
nated with the natural pH of the anatomical environment
and/or to properties of the material forming the sleeve, to
achieve a predetermined sequential degradation of the
implant. In accordance with one degradation sequence, a
distal (intestinal) portion of the sleeve dissolves before the
proximal (gastric) portion. For example, the sleeve could be
constructed of a material that degrades at a faster rate in a
relatively basic environment than in a relatively acidic
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environment such that the distal portion of the sleeve in the
intestine would dissolve before the proximal portion of the
sleeve in the stomach. The pH of the sleeve environment
could also be altered by an external source, for example by
ingestion of a substance that would change the pH of the
stomach and/or intestine and thus hasten degradation of the
gastric component. Alternatively, the distal and proximal
portions of the sleeve could be constructed of two different
materials with the material comprising the distal portion
dissolving faster than the material comprising the proximal
portion. Alternatively, the material forming the sleeve could
be thinner at the distal portion than at the proximal portion
such that the distal portion would dissolve in less time than
the proximal portion. All or any combination of the above
alternatives could be used to set the time frames of degra
dation of the distal and/or proximal portions of the sleeve
depending on the desired performance.
0112 Biodegradable material suitable for construction of
a gastrointestinal sleeve device is sold under the name
Plastifilm by OsteoBiologics, Inc., located in San Antonio,
Tex. This biodegradable polymeric film material is described
in U.S. Pat. No. 6,514,286, which is hereby incorporated by
reference. Additional information from the supplier about
this material is available at: http://www.obi.com/.
0113 Another aspect of the present invention involves
devices and methods for delivery and deployment of a
gastrointestinal sleeve device into a patient’s gastrointestinal
tract. One method to facilitate delivery of the device into and
through the patient's Small intestine is to place a guidewire
and/or catheter into the intestine to the depth desired and
then push the gastrointestinal sleeve device over the
guidewire. Successful techniques for placing a guidewire
into the small intestines have been described by G. Long, T.
Mills and C. P. Swain in an article entitled Techniques for
advancing guide wires and devices in the lumen of the
gastrointestinal tract. Another technique that could be
adapted for placing a device Such as a gastrointestinal sleeve
device into the small intestine was described by H. Yama
moto and K. Sugano in an article entitled A new method of
enteroscopy—the double-balloon method, Can J Gastroen
terol. April 2003:17(4):273-4. These techniques can be used
in combination with many of the delivery and deployment
methods described herein and in the prior application.
0114. The gastrointestinal bypass sleeve may also be
deployed within the intestine using a toposcopic, or everting
technique, based upon the method of internal pressurization
that is well known in the everting catheter art. Pressurization
may be accomplished by placing the proximal end of the
axially collapsed sleeve in communication with a source of
inflation or everting media, such as a liquid or gas. Liquid
Such as water or saline may be preferred, and may addition
ally be provided with a radiopaque additive to permit real
time fluoroscopic visualization of the progress of the deploy
ment within the GI system. Additional additives may also be
provided. Such as antibiotics, nutritional Supplements or
others as may be desired.
0115) To maintain the internal fluid pressure used to assist
in everting the inverted gastrointestinal sleeve, the distal end
of the sleeve may be temporarily occluded or sealed during
deployment. FIGS. 8A-8B illustrate one of a number of
options for sealing the distal end 112 of a gastrointestinal
sleeve 100 during delivery and deployment. FIG. 8A shows
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the inverted distal end 112 of the gastrointestinal sleeve 100
sealed with a suture or tie 150 which may be degradable and
formulated to dissolve within approximately 2 or 6 or 24
hours in the intestines. Dissolution of the biodegradable tie
150 can be aided by introduction of a solvent, or active
agent, or inducing a pH change that is ingested or placed in
the everting fluid. The distal end 112 may also be releasably
secured to a pull line 152 such as a suture or wire, to assist
in inverting the sleeve as will be apparent to those of skill in
the art. FIG. 8B shows the noninverted distal end 112 of the

gastrointestinal sleeve 100 sealed with a biodegradable tie
150 that may be formulated to dissolve within the intestines,
prior to proximal retraction of the pull line 152.
0.116) The distal end may alternatively be temporarily
occluded using adhesives, such as a water soluble adhesive
or pressure sensitive adhesive applied to the interior Surface
of the distal end 112 of the sleeve. Alternatively, the distal
end of the sleeve may be folded over onto itself with or
without the use of adhesives. Solvent bonding, thermal spot
welding or other bonding technique may be used to close the
distal end 112, in a manner that a slight increase in pressure
can be applied to the inflation media following full deploy
ment, to rupture the seal. A tie line may alternatively extend
proximally from the distal end 112, either inside of the
lumen or outside of the sleeve I 00. Proximal retraction of

the tie line following sleeve placement will untie a knot or
otherwise release the distal end 112. Otherwise the distal end

may be simply left open during the deployment process.

0117 FIG.9A shows a gastrointestinal sleeve 100 loaded

in an inverted configuration. FIG. 9B shows a gastrointes
tinal sleeve 100 loaded in a double-inverted configuration. A
full single inversion will reduce the length of the sleeve 100
by about 50%, while a full double inversion will reduce the
length of the sleeve 100 to about 25% of its original length.
Deployment of the sleeve will thus still require a first step of
positioning the distal end 154 of the inverted sleeve 100 at
a first position within the GI tract, and then second everting
the sleeve to position the everted distal end at a second
position within the GI tract, downstream from the first
position. The second position will normally be at least about
50 cm and often at least about 75 cm or 100 cm distally of
the Pyloris. The first position may be at about the Pyloris,
within about 20 cm of the Pyloris, or within about 50 cm of
the pyloris, depending upon the device design and desired
deployment procedure.
0118 Inverting the sleeve simplifies the delivery and
deployment of the device, but it adds some additional
constraints to the configuration of the device. The inverting
segments can have very thin walls and inverting interfaces
can be highly lubricious for easy and reliable deployment.
For example blow molded 90A durometer polyurethane of a
wall thickness on the order of 0.005" or less, most preferably
about 0.002", with a lubricious coating will work in this
manner. Eversion within the intestine may be accompanied
by introduction of an irrigating or lubricating fluid on the
outside of the sleeve 100, and/or provision of a lubricant in
between contacting surfaces of the inverted sleeve. Addi
tional details are disclosed in copending application Ser. No.
10/698,148, filed Oct. 31, 2003, entitled Apparatus and
Methods for Treatment of Morbid Obesity, the disclosure of
which is incorporated in its entirety herein by reference.
0119 Methods of insertion and retrieval of a gastrointes
tinal sleeve device are also described in the parent applica
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tion. In addition to the methods described therein, a GI

sleeve can be inserted and/or retrieved using a flexible
endoscope. A skilled GI endoscopist can “drive' a special
endoscope (an enteroscope) through the duodenum and deep
into the jejunum. Because of its Small size, a pediatric
colonoscope can be used to access an area further down the
intestine. With proper interfacing structure on a GI sleeve,
the sleeve can piggyback on the endoscope as it is driven
into the jejunum and then released with its distal end left in
the jejunum when the endoscope is retracted and removed
from the body. This can be accomplished perorally either
before or after attachment of the proximal end of the sleeve
to tissue or to a cuff at the GEJ or some other clinically
desirable location.

0120 Various structures can be used as an interface
between the endoscope and the distal end of the GI sleeve
device. If the sleeve device has a solid distal end or other

graspable portion, such as a tab or loop near the distal end,
a standard or custom endoscopic Snare or grasper can be
extended through the endoscope working channel to grasp
the sleeve device. Alternatively, the distal end of the sleeve
device can be configured with a socket or pocket to engage
a flexible pusher, which may be configured as a rod, tube or
guidewire. As another alternative, the sleeve device can be
configured with a distal end that can be cut off to release the
device. The distal end of the sleeve device is grasped with
a Snare or the like extended through the endoscope working
channel. Once the sleeve device is delivered far enough
distally in the G1 tract, the distal end of the sleeve device is
cut off to release the device.

0121. In one embodiment, delivery of the sleeve device
to an area sufficiently far down the intestine is facilitated by
attaching a traction structure, such as a mercury ball or
liquid filled balloon, that increases the likelihood that the
sleeve will be pulled down the intestine, to the distal end of
the sleeve. During peristalsis the intestinal wall grabs hold
of the traction structure and pulls it along with the distal end
of the sleeve down the intestine.

0122) In one embodiment deployment of the sleeve
device and/or T-tags is achieved with the use of a remote
controlled robotic endoscope. Generally, a remote controlled
robotic endoscope comprises a user interface, a control
device, and an operating unit. Commands can be inputted by
an operator into the user interface to activate the control
device which in turn guides the operating unit in three
dimensions. The operating unit, in one embodiment, can be
a fastener deployment head carried by a catheter which is
positionable within the gastrointestinal tract and capable of
attaching various fastener structures such as Sutures and
T-tags in response to commands received by the user inter
face. Monitors that display physical data and images of the
anatomy to aid in navigation of the operating unit may also
be used with a remote controlled robotic endoscope. Such an
endoscope could scale the operator's movements such that
large movements of the operator would translate into the
Smaller movements that may be required to maneuver the
endoscope within the gastrointestinal tract. One embodiment
of a remote controlled robotic endoscope is described in
"Radiocontrolled Movement of a Robot Endoscope in the
Human Gastrointestinal Tract.” by P. Swain, T. Mills, B.
Kelleher, L. Schmitz, S. Mosse, P. Burke, K. Ikeda, and A.
Fritscher-Ravens.
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0123. When placing T-tag fasteners or other fasteners in
the region of the GEJ, it is important to avoid other ana
tomical structures in the vicinity of the stomach and esopha
gus. One method for this is to create a safe space behind the
GEJ for deploying the fasteners. One method to accomplish
this is described in the parent application, number 10/698,
148. Alternatively, one can take advantage of the fact that the
proximal stomach generally lies just below the diaphragm
when the patient is in a head-up position. Space will be
created between the stomach and diaphragm into which
transmural fasteners can be safely placed. This safe space
can be increased by having the patient inhale deeply while
in a head-up position to push the stomach down with the
diaphragm, then exhale to lift the diaphragm up off of the
stomach. Preferably, the fasteners 134 will be delivered
parallel to the diaphragm 252, as shown in FIG. 10, though
other orientations are possible. FIG. 10 also shows an
optional stomach traction device 254 deployed through the
working channel of an endoscope 256 that helps to facilitate
safe deployment of the fasteners 134 in the GEJ region. The
traction device 254 can be used to retract the gastric wall
laterally 254A and/or distally 254B to create a safe place for
deployment of the fasteners 134. Due to anatomic variations
and pathology, the position of the diaphragm relative to the
stomach and GEJ should be confirmed prior to using this
technique.
0.124. Alternatively or in addition, pneumoperitoneum
can be used to create a safe space around the stomach and
esophagus. Pneumoperitoneal pressure will tend to collapse
the stomach away from other Surrounding organs and would
be balanced by the pressure used to endoscopically insufflate
the stomach for improved visualization and access.
0.125 Other tactics to avoid other anatomical structures in
the vicinity of the stomach and esophagus include the use of
imaging techniques such as fluoroscopy, esophageal ultra
Sound imaging, external ultrasound imaging and/or Doppler
imaging when placing fasteners. Alternatively or in addition
an "endoscopic compass can be used to provide a reference
for orienting the endoscope when using fastening devices. A
Small magnetized needle (i.e. a compass needle) is placed
near the distal end of the endoscope where it can be viewed
by the operator through the endoscope. A magnet is placed
on the patient to provide a reference point for the compass,
for example the reference magnet can be placed on the
patient’s back directly over the spine. The compass needle
will point toward the reference magnet on the spine. Using
the compass needle as a reference, the operator will be able
to avoid inadvertently puncturing the aorta, which lies
directly posterior to the esophagus.
0.126 The concept of the Veress needle can be adapted for
avoiding puncturing other anatomical structures in the vicin
ity of the stomach and esophagus during endoscopic attach
ment of devices near the GE.J. A Veress needle is a needle

equipped with a spring-loaded obturator that is often used
for insufflation of the abdomen in laparoscopic Surgery. A
long, flexible device with a needle at the distal end and a
spring-loaded obturator within the needle would be used to
safely puncture the gastric or esophageal wall. Once the
needle has passed through the wall, the spring-loaded obtu
rator advances automatically to avoid damage to any Sur
rounding tissues. A delivery cannula can be advanced over
the needle and the needle can be exchanged with a fastener
delivery device. Alternatively, this concept can be adapted
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directly into the fastener delivery device. AT-tag fastener or
the like would be spring-loaded into the lumen of a delivery
cannula so that it would be ejected out of the lumen
immediately after the cannula has traversed the gastric or
esophageal wall.
0127. Another method for avoiding deploying fasteners
into the aorta would involve a small diameter needle with a

flow detector (e.g. a Doppler flow sensor) or pressure
detector for detecting blood flow or blood pressure. Alter
natively, a flow detector or pressure detector can be mounted
on a separate guidewire inserted through the needle. The
flow detector can be used to detect blood flow before the

wall of the aorta is punctured. Alternatively, if backflow of
blood or blood pressure is detected, indicating that the
needle has punctured the aorta, the needle will be withdrawn
and a fastener will not be delivered at that site. The small

diameter puncture in the aorta should heal without compli
cations.

0128. Alternatively or in addition, the organs and other
anatomical structures in the vicinity of the stomach and
esophagus can be protected during endoscopic attachment
techniques by using a depth stop on the needle or delivery
cannula to prevent it from penetrating farther than necessary
to traverse the gastric or esophageal wall. Examples of
fastener delivery devices with a depth stop to protect nearby
organs and structures are described in U.S. provisional
patent application 60/569,442.

0129 FIGS. 11A-11D illustrate a simplified view of

delivery of a T-tag fastener showing the serosal anchor and
tension element (Suture) of a T-tag fastener and the delivery
cannula with a pusher therein. In actual application, the
entire delivery assembly would include an endoscopic deliv
ery device (not shown), with the delivery cannula carried
piggyback by the endoscope or deployed through the work
ing channel of the endoscopic delivery channel. Also, in
actual application the T-tag fastener would attach an attach
ment device Such as a cuff to a gastrointestinal sleeve device
through a grommet or hole in the cuff and/or sleeve device.
0130 All or a portion of the fastener can be coated and/or
made with a material that will encourage tissue ingrowth to
create a seal and to promote a strong and durable attachment,
although tissue ingrowth in the vicinity of the GEJ is not
expected to be robust. All or a portion of the fastener can be
coated and/or made with a swellable material to create a seal

and/or to spread out the force of attachment over a greater
Surface area, thereby reducing the pressure on the tissue. All
or a portion of the fastener can be coated and/or made with
a material that is biodegradable or bioresorbable. Examples
of Such coatings materials are described in the parent
application Ser. No. 10/698,148.
0131 One method for placing an implantable device
within a patient’s body has been described as a “parachut
ing technique. In this technique, multiple elongated Sutures
extend from a plurality of implanted serosal anchors where
the device is to be implanted with the ends of the sutures
extending out of the patient’s body. The ends of the sutures
are passed through a sewing ring or similar structure on the
device while the device is still outside of the patient’s body,
then the cuff is parachuted or slid into place along the
Sutures. The cuff is typically secured in place by knotting the
elongated Sutures with the help of a knot pusher or similar
device and then the sutures are cut off close to the knots.
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U.S. provisional patent application 60/534.056 describes a
variation of this method for implanting a device within a
patient’s digestive tract using T-tag fasteners. Alternatively,
suture locks such as those described in U.S. Pat. No.

4,235.238, the disclosure of which is hereby incorporated in
its entirety by reference herein, or those used in the BARD
Endocinch system can be used to secure the Suture prior to
cutting.
0.132. When parachuted into place along the sutures, the
cuff may be folded or compressed to pass through the
esophagus or through a delivery tube placed in the esopha
gus. When using this parachuting technique it is desirable to
minimize the friction between the device and the sutures.

This can be done by using a low friction material or a low
friction coating on the Sutures and/or the device. This is also
done by dimensioning and/or orienting structures, e.g. holes,
to guide the parachuted device to reduce friction.
0.133 FIG. 12 shows an implantable device 102 being
implanted at the GEJ using a parachuting technique. One
method of using a fastener delivery device for placement of
an implantable device 102 by the parachuting technique is
disclosed in U.S. utility patent application Ser. No. 11/025,
364, previously incorporated by reference herein.
0.134. Alternatively, the device 102 may be partially
parachuted into place, meaning that 2-4 parachute sutures
are used to slide the device 102 into position with the proper
orientation. Then additional fasteners, for example T-tag
fasteners, are delivered endoscopically to complete the
attachment of the device 120 to the tissue.

0.135) If suture tails are delivered through a closed lumen
(e.g. in or attached to an endoscope), the lumen must be
removed from around the suture tails before a device can be

parachuted over the Sutures if the device is too large to pass
through the lumen. This can present a challenge related to
maintaining the organization of the Suture tails and prevent
ing confusion, crossing, winding and/or tangling of the
Suture tails. If T-tag fasteners and their Suture tails are passed
externally e.g. through an external lumen with a longitudinal
slot or in a non-enclosed rail type system, the Suture tails can
be managed external to the lumen used to place the T-tag
fasteners and external to the scope. This facilitates manipu
lation of the scope, simplifies scope exchanges and simpli
fies Suture tail management.
0.136 Suture tail management external to the scope or an
enclosed lumen can be combined with suture holders exter

nal to the patient, similar to those used for parachuting
replacement heart Valves into place. Snugging the Sutures as
described above is simpler when the suture tails are external
to the scope, as is avoidance of crossing, winding and/or
tangling of the Suture tails. Suture holders, such as slots,
clamps or clips, can be combined with a mouth guard for
organizing the Sutures during a peroral parachuting proce
dure.

0.137. One aspect of suture tail management is that it must
happen from one end of the system to the other. Therefore,
the method and apparatus must address this issue. For
example, after placement of a T-tag fastener, a slight tension
on the suture tail can hold the Sutrue against the wall of the
lumen or in a straight position where it is less likely to
tangle. Apparatus can include means to maintain tension
while allowing scope movement and manipulation, e.g.
tension from a long soft spring, an elastic band or a
spring-loaded reel.
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0138. Sometimes, when performing an endoscopic pro
cedure, an overtube is used to lint the esophagus and protect
it from damage due to insertion and manipulation of the
endoscope and related tools and devices. Other practitioners
prefer to avoid the use of an overtube. In either case, it may
be desirable to secure an implant being parachuted down the
esophagus in a collapsed, folded or otherwise reduced
configuration. A major issue when parachuting a device into
place is friction between the device and the sutures, and
collapsing or folding the device may exacerbate the prob

cally, the non-glandular tissue directly above the squamo
columnar junction (a Zone of tissue that is considered to be
at the beginning of the GEJ) is the strongest tissue in this
region and is currently thought to be the best place to attach
a device, for example using T-tags, Sutures or other fasten

lems with friction.

known method to induce an inflammatory, coagulative or
necrotic tissue strengthening reaction. Alternatively, place

0.139. The following method is intended to reduce the
problems with friction between the device and the sutures
when parachuting a device through the esophagus. The
method allows the device to be parachuted through the
esophagus in a folded configuration, while it also allows the
sutures to pass through the device while it is in an unfolded
position. In addition, the method allows the sutures to be
pulled through the device one at a time, which further educes
the problems with friction. This method can be used, for
example, with the t-tag and/or t-tag delivery systems
described herein.

0140) 1) Place fasteners (e.g. 6-10) in or through gastric
wall with Suture tails extending out through the patients
mouth; the Sutures should have a length that is about
100-140 cm longer than required to exit the mouth;
0141) 2) thread suture tails through the device to be
parachuted into place, e.g. an implant mounting ring or cuff;
0142 3) slide the cuff down the sutures until it is just
outside of the patient’s mouth, with 100-140 cm of suture
extending beyond the device;
0143 4) fold or collapse the cuff and secure it in the
collapsed position, e.g. with a removable sack or tied with
a Suture;

0144 5) slide the cuff through the esophagus or the scope
overtube (the cuff is not slid down the sutures, but instead

the sutures are allowed to move with the cuff into the

esophagus with the ends of the Sutures remaining outside the
patient);
0145 6) once the cuff is through the esophagus and at the
deployment site, the cuff is released from its collapsed
position, and any restraining device that was used is
removed perorally:
0146 7) while controlling the cuff (e.g. with a grasper),
and preferably under direct vision, pull each Suture through
the cuff until all the slack is removed and the cuff is at or near

its intended position in the stomach;
0147 8) position and secure the cuff in its intended
position in the stomach.
0.148. In some clinical situations the gastroesophageal
junction, or GE.J. is a preferred attachment point for a
gastroesophageal sleeve device or attachment device as
discussed above. Attachment at the GEJ excludes all gastric
secretions from the interior of the gastrointestinal sleeve
device to separate ingested food and liquids in the sleeve
device from all digestive secretions. The gastroesophageal
junction is one of the preferred attachment sites because the
tissue wall is relatively thick at this location and it is
relatively easy to access via a peroral route. More specifi

CS.

0149. In some clinical situations it may be beneficial to
prestrengthen the tissue prior to implantation of a device
Such as a gastrointestinal sleeve device. For example, energy
can be delivered in the form of RF, ultrasound or other
ment of material in the serosal tissue of the stomach wall

could generate a foreign body reaction that would progress
from inflammation, to granulation of tissue and then to
fibrosis. The tissue may initially weaken due to the inflam
matory response, but the resulting fibrotic growth will
strengthen the tissue. This effect could be enhanced by the
choice of material an/or coatings, e.g. Sclerosing agent, an
acidic material or coating. The materials could be delivered
endoscopically with a needle device through the biopsy
channel of an endoscope. The needle delivery device could
optionally also deliver an ink, dye or other marking means
to facilitate location of the prestrengthened areas. Tissue
reaction could take place in days, with 7-14 days being an
approximate delay between prestrengthening and attach
ment procedures.
0150. Material injectable to prestrengthen tissue could
be: 1) liquid where natural processes would remove/break
down or otherwise dispose of the liquid when it has com
pleted its function; 2) biodegradable or dissolvable where
natural processes would remove the material when it has
completed its function; or 3) permanent where the material
might be incorporated into the tissue to provide increased
strength. All of the prestrengthening strategies described
could be used at the time of the attachment procedure to
enhance strength of the attachment.
0151. The methods and apparatus described for tissue
strengthening would be expected to result in Some degree of
tissue thickening as new collagen and fibrotic material will
be deposited and/or generated at the location of the foreign
body reaction. The duration of exposure can be controlled by
use of timed release chemical stimulants and stimulants with

known and potentially controllable half lives. Tissue thick
ening and tissue strength may be related and may facilitate
durable attachment, however tissue thickening may be an
inherently desirable result in Some clinical situations.
0152 Currently, tissue bulking agents are injected at or
near the GEJ to treat GERD. Injection of non-bulking
materials that initiate tissue thickening could accomplish the
same end result. If the thickened tissue was, by itself or in
conjunction with a Supporting structure, to form a restrictive
stoma, there could be specific advantages relative to a
mechanical stoma.

0153. Other approaches to induce tissue prestrengthening
and/or thickening include: Circumferential ablation (RF,
microwave, ultrasound, etc); Over-dilation; Circumferential
abrasion; and, Circumferential exposure to agent. An advan
tage of a continuous or segmented circumferential area of
tissue strengthening is that it only needs to be located along
a vertical axis for Subsequent attachment procedures.
0154 Alternately or in addition to the above pre-strength
ening of tissue, tissue can be treated to reduce its ability to
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move or stretch. This can be advantageous in that tissue that
has limited stretch or motion may have less impediments to
attachment. Tissue that has limited stretch or motion may
impose fewer forces on an attached device and therefore
impose less force or pressure that may lead to attachment
failure. Furthermore, tissue that has limited stretch or motion

may allow attachment of less compliant devices which can
provide for advantages foe example simplified sealing.
0155 Techniques described above to strengthen tissue
can also help to limited GI tissue stretch and motion. Other
methods that could be applied to reducing stretch and
motion, and also for pre-strengthening, include the applica
tion of energy for example, by RF, ultrasound or laser.
Means that include time release elements as well known in

the art of drug eluting vascular stents and birth control
devices can be used to provide and/or maintain a long lasting
effect (reducing motion and stretch). Such time release
means can optionally be combined with fasteners, perma
nent or replaceable attachment cuffs or proximal sleeve
interfaces. Such time release means can optionally be com
bined with permanently implanted pre-strengthening mate
rials where the material might be incorporated into the tissue
to provide increased strength.
0156. In some clinical situations when using a transmural
attachment, the wall of tissue may thicken after placement of
the attaching device. In some cases this can progress to
encapsulation. This thickening can result in increased tissue
strength due to collagen deposition and/or fibrosis.
0157. In some clinical situations it can be advantageous
to maintain the attachment on the Surface of the tissue to take

advantage of the added strength of the thickened wall. This
may be accomplished by permitting controlled Suture
lengthening to compensate for tissue thickening. One man
ner in which this could be accomplished would be by using
a Suture connecting the attachments on either side of the
tissue wall that would stretch as the tissue thickens.

0158. One configuration of material that could have
advantageous performance would: 1) not stretch for an
initial period, for example 24–48 hours; 2) stretch at a
relatively low force for the next period, for example 7-14
days; then 3) not stretch after the second period. This
performance would be based upon a clinical situation where
tissue proliferation (wall thickening) occurs between days 2
and 14. Alternatively, the material could: 1) not stretch for
the initial period, for example 24-48 hours; 2) allow length
ening to 2x length at any time after the initial period, for
example 48 hours; then 3) not stretch beyond 2x length.
0159. The length of the suture or other tension element
which extends through the wall from the serosal surface to
the mucosal Surface, particularly when the tension element
has a Substantially fixed length under normal use conditions
may also be important. The present inventors believe that the
length of the tension element is in certain applications at
least about 75%, often at least about 100%, and preferably
at least about 120% and possibly at least about 130% of the
thickness of the wall of the stomach through which the
tension element is to be placed. Thus, for a patient having a
wall thickness in the vicinity of the gastroesophageal junc
tion of approximately 10-15 mm, suture lengths between the
mucosal contacting Surface of the implant and the serosal
contacting Surface of the retention element of at least about
10 mm, and often at least about 15 mm are contemplated.
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0.160 The stomach appears to have unusual abilities to
isolate foreign objects. Evidence of this is the lap band
which can migrate from the serosal Surface of the stomach
into the lumen of the stomach without any immediate
catastrophic event such as a leak of stomach contents into
the body cavity which could be life threatening. The cause
of Such erosion is unclear but one theory suggests it is at
least in part due to pressure.
0.161 The stomach is also a very active organ with an
ability to stretch, compress, churn and move laterally rela
tive to itself. This activity is normal in eating and digestion
and can also function to isolate foreign objects.
0162 These anatomical aspects make attachment of
medical devices to the stomach quite challenging. A recent
study at the Cleveland Clinic which sutured a prosthetic cuff
to the GEJ showed that by 7 days 80% of the cuffs had
become primarily detached. In one animal that was survived
for two months, the device remained attached at 4 weeks but

was only 25% attached by 60 days.
0.163 The present inventors have conducted a series of
studies to explore the parameters of a Successful attachment.
Initial designs utilizing rigid rings lost attachment at a
majority of points within four weeks. Short term Success at
two weeks with a flexible cuff, with elastic ability, was
achieved by using t-tags and placing them in the non
glandular tissue region of the GE.J. However this same
technique at five weeks did not maintain 100% attachment.
One-Third of the attachment points migrated through the
stomach, leaving no identified histological evidence of their
path. The t-tags did not appear to be deformed.
0164. The inventors then undertook a series of experi
ments at five weeks controlling for the amount of tension on
the tension element, by placing serosal Surface attachment
devices having tension elements with a predetermined
length relative to the thickness of the tissue wall. The
thickness of the porcine stomach at the target site was
measured, and the average of four tissue thickness measure
ments at the 3-6-9-12 o'clock positions was used as the
nominal thickness. The absolute thickness was somewhat

Surprising at around 1 cm. This was perceived to be much
thicker than what was thought. The reasons for this could be
increased thickness in the area of interest of the GEJ, but it

could also be due to the highly compressible nature of
stomach tissue in that when it is held between the thumb and

index finger it does feel 1 cm thick.
0.165. In three experiments conducted there was a clear
trend that the looser the attachment (i.e., the longer the
length of the tension element compared to the local wall
thickness) the more attachment points held at five weeks.
Results ranged from 10/12 migrations for the sutures sized
at 50% of nominal thickness to 2/12 migrations for sutures
sized at 100% of nominal thickness.

0166 Another variable which was explored in the por
cine model was the effect of changes in the Surface area of
the retention element. Silicone buttons having a I cm diam
eter were used instead of the t-tags. In one experiment
conducted to date at a suture length of 75% of nominal
thickness, 4/12 silicone buttons migrated through.
0.167 What seemed different about the silicone buttons is
with two-thirds of the attachments in place it appeared upon
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gross inspection to be very strongly functionally attached,
with high weight bearing abilities, perceptually greater than
the t-tags.
0168 From the experiments to date it appears that tension
control is as important (if not more So) as the geometry of
the serosal attachment device.

0169. As discussed elsewhere herein, tension control
could be addressed by using suture with limited elastic
properties or other structural mechanism that would stretch
or elongate and then return to their nominal length. Another
way is to use an assumed thickness, based upon an average
of actual measurements in humans, and preset the length of
the tension element at a predetermined length (e.g., at least
115%, at least 13.0%) compared to the length of the average.
The chances of success for this approach would likely be
enhanced if the patient to patient variation is relatively
small. A further approach would be to measure the thickness
of the target tissue in each patient, and customize the length
of the tension element at the clinical site, or provide kits with
a cuff and an array of anchor assemblies with tension
elements of different predetermined lengths from which the
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placing/attaching a nonrestrictive mounting ring at or near
the GEJ and attaching/removing/replacing various therapeu
tic or diagnostic devices to the mounting ring, Such as a
valve to prevent reflux, a restriction to food intake, a sleeve,
a telemetry or imaging capsule, transmitters for transmitting
pH or other data, receivers for receiving therapeutic signals
initiated by an external control, etc.
0.172. While the present invention has been described
herein with respect to the exemplary embodiments and the
best mode for practicing the invention, it will be apparent to
one of ordinary skill in the art that many modifications,
improvements and Subcombinations of the various embodi
ments, adaptations and variations can be made to the inven
tion without departing from the spirit and scope thereof.
What is claimed is:

1. A gastrointestinal implant system, for providing an
endolumenal bypass from a patient's gastroesophageal junc
tion to the patients intestine, comprising:
a flexible, tubular attachment cuff, having a proximal end,
a distal end, and a first diameter,

clinician can make a selection. Measurement could be

an elongate, flexible bypass sleeve, having a proximal end

accomplished, for example, with endoscopic ultrasound, like

and a distal end;
a first attachment structure on the attachment cuff, for

a device available from Boston Scientific.

0170 Once the measurement is taken a variety of devices
could be used to attach with a controlled length. Many of
these devices have been previously described and include
t-tags, inflatable silicone discs, molly type devices, radial
spoke “umbrella' structures and others. They can be
attached to suture with a fixed cuff to retention element

length (or other means) or a strut member made of polymer
or metal with a nub to fix the length. All of these devices are
preferably configured to permit endoscopic delivery through
a single fire device, or a multiple fire or rapid reloadable
device could be used, to minimize the number of times the

delivery device needs to removed from the endoscope to be
reloaded.

0171 Another application of the present invention
involves the placement of a mounting ring, aperture, hook,
connector or other attachment device within the gastrointes
tinal system utilizing the serosal attachment disclosed herein
and attaching any of a variety of devices or components to
the attachment device. Applications for treating GERD, MO
and other disorders of the gastrointestinal tract include

attaching the cuff to the bypass sleeve;
a second attachment structure on the bypass sleeve, for
cooperating with the first attachment structure to attach
the cuff to the sleeve; and
a transition Zone on a proximal portion of the sleeve, for
transitioning from the first diameter to a second,
Smaller diameter.

2. A gastrointestinal implant system as in claim 1, com
prising a restrictive opening at a distal end of the transition
ZO.

3. A gastrointestinal implant system as in claim 2, com
prising a volume of no greater than about 100 cc proximally
of the restrictive opening.
4. A gastrointestinal implant system as in claim 2, com
prising a Volume of no greater than about 50 cc proximally
of the restrictive opening.
5. A gastrointestinal implant system as in claim 1, further
comprising a grasping tab on the distal end of the sleeve.
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