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INTRAGASTRIC IMPLANT DEVICES

CROSS-REFERENCES TO RELATED APPLICATIONS
{6001] The present application is a non-provisional of, and claims the benefit of U.S.
5 Provisional Patent Application No. 61/339,814, filed September 27, 2011, the entire contents of
which are incorporated herein by reference.
{0082]  The present application is related generally to U.S. Patent Application No. 12/568,5899,
filed on September 29, 2009, U8, Provisional Patent Application No. 61/317,710 filed on March
26, 2010 and U.S. Non-Provisional Application No. 13/073,762 filed on March 28, 2011, of

10 which, the entire contents of each are incorporated herein by reference.

FIELD OF THE INVENTION

{3603] The present invention refates generally to medical devices, system and methods.

Exemplary embodiments provide devices, systems, and methods for anchoring a treatment or

diagnostic device in the stomach of a patient. Specific embodiments provide devices, systems,
15 and methods for anchoring a therapeutic device in the stomach of a patient for the treatment of

obesity, diabetes, hypertension, and/or other metabolic related disorders.

BACKGROUND OF THE INVENTION

[0004]  Obesity and other metabolic related disorders affect millions of patients, and the
number of patients suffering from such disorders has increased in recent years, Morbid obesity
26 is often considered a serious and potentiaily Hfe threatening disorder, as it may lead to diabet
hypertension and other serious medical conditions. Since all of these disorders ave typically
refated to the digestive processes, treatment methods often involve interrupting the nonmal
digestive process to reduce the absorption of food particles passing from the stomach through the

gastrointestinal system. Studies bave also shown that reducing intestinal contact with gastric

]

wh

chyme, which may influence the secretion of certain hormones such as ghrelin which may
stimulate hunger, may also be a viable treatment for obesity and its associated medical

conditions. Although bariatric surgical procedures, such as the Rowx-en-Y gastric bypass and
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gastric sleeve resection, have proven beneficial, these procedures are highly invasive and
typically involve removal of portions of the stomach, stapling or suturing, which generally result
in permanent irreversible changes (o the patient’s digestive tract and carry a substantial risk of

surgical complications or death.

[06051  Although more recently, endoseopic procedures have been developed to deliver less
invasive therapies, such as the gastric hypass sgleeve, into the a patient’s gastrointestinal system,
anchoring of such devices has proven difficult as the stomach and gastrointestinal tract is fairly
flexible and may contort significantly during digestion. Additionally, the harsh digestive
environment within the storach can tend to break down foreign objects, such as an anchoring
device, when placed in the stomach for any length oftime. The unique anatomy of the stomach
also presents challenges in anchoring a treatment device as devices large encugh to resist passage
from the stomach through the gastrointestinal tract may block the passage of nutrients and food
particies through the digestive system, while devices small enough to allow passage of food and
nutrients are often passed through the digestive system. Due to these difficulties in anchoring
freatment devices in the stomach, many procedures stili rely on fnvasive technigues, such as

sufuring or penetrating tissues.

[0806] In light of the above, it would be beneficial to provide improved devices, systems and
methods for anchoring treatment, sensing and/or monitoring devices, and in particular anchoring
of such devices in a stomach of a patient for use in treatment of obesity and other metabolic
related disorders. 1t would be desirable to provide a device and method for anchoring a
treatment and/or sensing device in a gastrointestinal tract or stemach of a patient that does not
require suturing, stapling, or resection of tissue, while allowing the passage of nutrients and food
particles through the digestive system. It would also be beneficial to provide systems and
methods of treatment that allow for treatment of metabolic disorders b_y fimiting intestinal
contact with stomach chyme and stomach secretions thereby influencing secretion of certain
hormones, both of which contribute to metabolic disorders including diabetes and obesity. It
would be further beneficial to provide systems and methods that allow for passage of such
devices through the gastrointestinal tract after treatment monitoring is complete. It is further
desirable that such devices and methods are robust enough to withstand the harsh environment of

the stomach while providing adequate anchoring in the unique morphology of the stomach.

b2
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BRIEF SUMMARY OF THE INVENTION

{0071 The present invention generally provides improved medical devices, systems and
methods of treatment. Exemplary embodiments of these devices and techniques can be used 1o
anchor a treatment device in a stomach of a patient, which is particularly useful in treating
metabolic disorders such as obesity (and related disorders), diabetes, hypertensions, and the like,
Such disorders may be treated by anchoring a sleeve placed in the gastrointestinal tract in the
stomach so that the sleeve can reduce intestinal contact with and absorption of gastric chyme or
stornach secretions, flowing from the stomach through the gastrointestinal tract,
Advantageously, the present invention allows for anchoring of a treatment device, such as a
bypass sleeve, in the stomach of a patient by engaging a wail of the stomach and/or the
gastrointestinal tract at multiple locations, without the need for stapling, suturing, resection, or

other invasive modification of the gastrointestinal system.

{B008]  In one aspect, the invention comprises an anchor having an elongate element extending
between a proximal end and a distal end and further having a proximal and distal atraumatic
eature disposed at each end, wherein the anchor is attached to or supports a treatment or
diagnostic device. Each of the proximal and distal atraumatic features are configured 1o inhibit
tissue trauma when urged against a tissue of the stomach or the gastrointestinal tract, while the
elongate clement ia sufficiently rigid so as to resist bending between the proximal and distal ends
and is sufficiently long to inhibit advancement of the anchor around a bend of a proximal
intesting, such as the proximal portion of the duodenum, when under anchoring loads. In any of
the embodiments described herein, the anchor may include one or more expandable structures
which may be incorporated into or separate from the proximal and distal atraumatic features. For
example, the anchor may include an expandable structure disposed between proximal and distal
atraumatic features, the distal atraumatic feature optiorally comprising another expandable
structure. The efongate element and one or more expandable structures, as well as any other
c:an‘;panents associated with the anchor, may be made [rom the same or differing materials,
icluding bul not limited to polymers and various metals, including stainless steel alloys and

nickel-titanium.

106991 In another aspect, the treatment device comprises an intestinal bypass sleeve having a
lumen extending between a proximal opening and 2 dista] opening, wherein the sleeve comprises

a material substantially impenetrable to a flow of ingested matter, such as ingested mutrients and
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food particles, the flow being in contact with the walls of the stomach before passing into the
tumen. The proximal opening of the lumen is supported by the anchor distally of the proximal
end of tha anchor 30 as to direct the flow of ingested matter from the stomach into the lumen
thereby reducing contact of the ingested matier with the walls of the gastrointestinal tract, Inan
ermbodiment particularly useful in treating diabetes, the sleeve may prevent ingested matter from
contacting a portion of the ducodenum, thereby influencing production of certain hormones that

atfect diabetes, such as ghrelin, a hormone that stimulates hunger.

{B010]  In many embodiments, the distal atraumatic feature 1s sized and configured to be
advanced through a pyloric valve such that when implanted the distal feature is disposed distal of
the pyloric valve and the proximal feature s disposed within the stomach.  In other
embodiments, the distal atraumatic feature may be disposed in a distal portion of the stomach
and the proximal feature may aiso be disposed in the stomach albeit proximal of the distal
featurc. Typically, in crabodiments where the treaiment device includes a sleeve, the elongate
clement between the features at each end has a profile smaller than the sleeve, and optionally, the
distal feature may radially support the proximal opening of the sleeve so that a majority of a flow
of ingested food advancing around the anchor passes into the opening of the sleeve. In other
embodiments, the anchor is attached to the treatment device, often a sleeve, by a tether or other
such coupling structure and the proximal opening of the sleeve may be supported by a separaie
structure, such as a siiding seal, which supports the proximal opening of the seal, typically by
exerting an outward radially force so as to seal the proximal end of the sleeve against a wall of
the gastroiniestinal tract or the stomach. Such seals and support members may include
expandable rings or other expandable structures, such as those deseribed herein. Preferably, the
seal iz slidable so as to allow atraumatic movement within the gastrointestinal tract or the

stomach.

(6011} In some embodiments, one or both of the atraumatic features include expandable
members having a collapsed configuration suitable for delivery through the stomach, such as in
an endoscopic procedure, and an expanded configuration, 5o as to distribute anchoring loads i
inhibit tissue damage by an end of the elongate clement or member and may also prevent passage
of the distal feature across the pylorie valve or to help maintain a position of the anchor. The
expandable members may include balloons, rigid, or non-rigid members, expandable wire loop
structures, sinusoidal-type structures, or any structures that may expand when released from a

collapsed configuration, may be expanded by inflation, or by movement of a drawstring, by
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retraction of a canstraining outer sheath, or other expanding mechanism. The distal atraumatic

-

feature may include an expandable structure sized so as to substantially {ill the dundenal bulb

and support the proximal opening of the sleeve in a position nearest the pyloric valve,

[0612]  In many embodiments, the elongate element is sufficiently long to prevent end-to-end
rotation in the stomach so as to maintain a relatively stable position in the stormach for anchoring
the treatment or diagnostic device. Typically, the elongate element is at least 10 cm in length. In
a preferred embodiment, when the distal atraumatic feature is disposed in a proximal portion of
the duodenum a proximal portion of the anchor engages a distal portion of the stornach wall such
that engagement of 4 proxirnal and distal portion of the anchor with the tissues of the stomach or
gastrointestinal tract prevent the anchor from passing from the stomach through the dundenum.
in some embodiments, the length of the elongate element and the distal and proximal features are
configured such that displacement of a longitudinal axis of the anchor is limited by the
engagement of the proximal and distal portions of the anchor with tissues of the stomach and the

~
+ %
T1

gastrointestinal tract 50 a5 to substantially maintain a position of the anchor and to maintain a

f

position of the sleeve, and/or the distal teature, thereby maintaining the position of the anchor as

well as the flow of ingested maiter from the stomach through the sleeve.

{0013}  In many embodiments, the elongaie element includes one or more sensors so as to
allow for diagnostic procedures and/or medical monitoring. The elongate slement may be sized
so that the proximal atraumatic tip passed beyond the pyloric valve and sized so as to anchor at a

point in the gastrointestinal tract distal of the pyloric valve, such as al the ducdenal-jejunal

juncture where the Ligament of Treitz produces a sharp, relatively fixed wrn in the small bowel,

[14]  Also disclosed are methods for treating a patient having an obesity or diabetes rejated
disorder using the claimed anchor implant. An exemplary method includes deploying an implant
within a gasirointestinal tract of the patient so that a proximal end of an anchor of the implant is
disposed in the stomach, wherein the anchor comprises an elongate element baving a proximal
end and a distal end, and an atraumatic feature disposed near each end; supporting a therapeutic
device, such as a sleeve, with the anchor so that the sleeve extends along an intestine of the
patient, and 50 that ingested matter enters a lumen of the sleeve from the stomach, the ingested
matter being in contact with a wall of the stomach; inhibiting advance of the anchor around a
bend of the intestine by engaging a proximal portion of the anchor against a distal surface area of

the stomach and by engaging a distal portion for the anchor against a proximal surface area of
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the intestine and by resisting bending of the elongate element between the proximal and distal
ends; and advancing a flow of the ingested matter, such as ingested nutrients and particles of

food, along the intestine within the tumen of the slegve.

{6015] These and other embodiments are described in further detail in the following

description related to the appended drawing figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[#016] Figure 1A is a view of a sectioned stomach and small bowel with an intragastric anchor

implant, in accordance with many embodiments;

160171 Figure 1B is a view of a sectioned stomach and small bowel with an inflatable

embodiment of an intragastric anchor implant and detachable fill-tube, in accordance with many

embodiments;

[6018]  Figure 1C is a view of an intragastric anchor implant with a rigid element conforming

to an acutely-angled toroidal balleon, in sccordance with many embodimenis;

[#019]  Figure 1D 15 a view of an intragastric anchor implant with a rigid element conforming

te an obtusely-angled toroidal balloon, in accordance with many embodinents;

[6628]  Figure 1E depicts multi-chamber balloon configurations for intragastric anchor

inplants, in accordance with many embodiments;

[#021] Figure 2 is a view of a sectioned stomach and small bowel with an intragastric anchor
implant with a flexible section between proximal and distal atraumatic features or tips, in

accordance with many embodiments;

A

{6022} Figure 3A is a view of a sectioned stomach and small bowel with an intragastric anchor
inplant supporting a sleeve with an antral opening via a flexible connector, in accordance with

many embodiments;
{0023]  Figure 3B is a view of a sectioned stomach and small bowel with an intragastric anchor
implant supporting a sleeve with a duodenal opening via a flexible connector, in accordance with

many embodiments;
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{0624} Figure 3C depicts sliding seal embodiments for sleeves, in accordance with many

embodiments;

[6628]  Figure 30 depicts a sliding seal for sleeves with a composite structure, in accordance

with many embodiments;

00267  Figure 4 is a view of a sectioned stomach and small bowel with an inflatable
embodiment of an infragastric anchor implant, in accordance with many embodiments;
{00277 Figure 5 is a view of a sectioned stomach and small bowel with an intragastric anchor

implant with a rigid element passing through the pviorus, in accordance with many

embodiments;

,
X

{0828} Figure 6 is a view of a sectioned stomach and small bowel with an intragastric anchos

implant with an antral sliding seal, in accordance with many embodiments;
{6629]  Figure 7 is a view of a sectioned stomach and small bowel with an intragasiric anchor
implant with a duodenal shiding seal, in accordance with many embodiments;

{BU38] Figure 8 is a view of a sectioned stomach and small bowel with an intragastric anchor

implant with an atraumatic feature including loops, in sccordance with many embodiments;

{00311  Figure 2A is a view of a secticned stomach and small bowel with an intragastric anchor

implant with a sliding seal including leaflets, in accordance with many embodiments;

{B8032] Figure 9B is a view of an infragastric anchor implant with a sliding seal including

leaflets, in accordance with many embodiments;

{30331 Figure 10A s a view of a sectioned stomach and small bowe! with a one-piece
intragastric anchor implant, in accordance with many embodiments;

[6(34] Figure 10B is a view of a one-piece intragastric anchor implant, in accordanee with
many embodiments;

I0035]  Figure 10C is a view of a one-piece intragastric anchor implant with attachment tabs, in
accordance with many embodiments;

[00636] Figure 11A is g proximal view of an intragastric anchor implant with struts angling in

opposite directions, in accordance with many embodiments;
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[06037] Figure 11B is a distal view of an intragastric anchor implant with struts angling in

opposite directions, in accordance with many embodiments;

[6038] Figure 12 is a view of a sectioned stomach and small bowel with an intragastric anchor
implant with a single-plece atraumatic feature-expandable sleeve support, in accordance with

many embodiments;

B3] TFigure 13 is a view of a sectionad stomach and smail bowe! with an intragastric anchor

implant with a flexibly-attached sleeve support, in accordance with many embodiments;

[6340] Figure 14A is a view of a sectioned stomach with a parallel endoscopic delivery system

for an intragastric anchor implant, in accordance with many embodiments;

6041} Tigure 14B is a view of & sectioned stomach with a paraliol endoscopic delivery system

for an intragastric anchor implant extending a slecve, in accordance with many embodiments;.

[0042]  Figure 14C is 5 view of a sectioned stomach with a parallel endoscopic delivery system
for an infragastric anchor implant deploying an expandable sleeve support, in accordance with

many embodiments;

[6843]  Figure 15A is a view of a sectioned distal stomach with an endoscope and overtube, in

accordance with many embodiments;

[6044] Figure 15B is a view of a sectioned distal stomach and intestine with an endoscope and

overtube with inflated balloon, in accordance with many embodiments;

[B8045]  Figwre 15C is a view of a sectioned stomach and intestine with an intragastric anchor
implant being delivered distally through an endoscope overtube, in accordance with many

embodiments;

{8046]  Figure 15D is a view of a sectioned stomach and intestine with an intragastric anchor
implant being delivered distally through an endoscope overtube, in accordance with many

embodiments;
[0047] Figure 16A is a view of a sectioned stomach and intestine with an over the wire
intragastric anchor implant defivery system, in aceordance with many embodiments;

[G048] Figure 16B is a view of a sectioned stomach and intestine with an iniragastric anchor

implant delivery system with a split introducer, in accordance with many embodiments;



1

2

N
n

0

wh

0

WO 2013/049167 PCT/US2012/057288

[0049] Figure 16C is a view of 1 sectioned stornach and intestine with an intragastric anchor
implant delivery systemn with a split introducer releasing a sleeve and expandable sleeve support,

in accordance with meny embodiments;

JO086]  Figure 17A is a view of a with an intragastric anchor implant having space-filling

struts, in accordance with many embodiments;

{0051]  Figure 17B is a view of a sectionad stomach and intestine with the intragastric anchor
implant with space-filling struts, in accordance with many embaodiments;

{O052]  Figure 18A is a view of a sectioned stomach and intestine with an intragastric anchor
implant having a recurve strut configuration, in accordance with many embodiments;

[G083] Figure 188 is a view of the intragastric anchor implant with the recurve strut
configuration under compression, in accordance with many embodiments;

[00354] Figure 13C is a view of a sectioned stomach and intestine with the intragastric anchoy
showing fiexure of the recurve strut configuration, in accordance with many embodiments;
[00655]  Figure 19 is a view of a sectionad stomach and intestine with a C-shaped intragastric
anchor implant, in accordance with many embodiments;

[0056]  Figure 20 1s a view of a sectioned stomach and intestine with an intragastric anchor
having a flexible portion, in accordance with many embodiments;

{09871 Figure 21 is a view of a sectioned stomach and intestine with an intragastric anchor
having a proximal atraumatic tip and a proximal and distal expandable structure, in accordance
with many embodiments;

[6088]  Figure 224 is a view of a an intragastric anchor having at lcast one sensor, in

accordance with many embodiments;

16059} Figure 228 is a diagram showing an inductive coupling between a transmitter and an
intragastric anchor having at least one sensor, in accordance with many embodiments;
{8060 Figure 22C is a view of a sectioned stomach and intestine with a frangible intragastric

anchor having a at least one sensor, in accordance with many embodiments;
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{8061}  Figure 22D is a view of a sectioned stomach and intestine with a frangible intragastric
anchor haviag a at least one sensor sized for passing out of the stomach and anchoring at the

duodenal-jejunal juncture, in accordance with many embodiments.

DETAILED DESCRIPTION OF THE INVENTION

{30621 The present invention generally provides improved medical devices, sysiem and
methods for treatment of patients. As described herein, the term “proximal” means nearest the
point of origin, within the context of the flow of food particles through the digestive system, and
“distal” means situated farthest from the point of origin. For example, in reference o the
stornach, a “proximal” portion of the stomach refers 1o the portion nearest the esophagus where

the flow of food into the stomach originates, whereas the “distal” portion of the stomach refers to
the portion nearest the pyloric valve where the flow of food particies leaves the stomach.
Similarly, the “proximal” portion of the duodenum refers (o the portion nearest the pyloric valve,

from which the flow of food particles entering the duodenum originates.

{00631  Exemplary embodiments of the present invention can be used to anchor a treatment
device in a stomach of a patient in treating metabolic related disorders such as diabetes,
hypertension, and obesity (along with related disorders). Such treatments typically include
anchoring a sleeve placed 1n the gastrointestinal tract in the stomach, such that the sleeve reduces
the absorption of ingested matter flowing from the stomach through the gastrointestinal tract.
Advantageously, the present invention aliow for anchoring of a treatment device, such as a
sleeve, in the stomach of a patient while still aliowing sufficient flow of food and nuirients
through the gastrointestinal tract via the sleeve without requiring siapling, suturing, resection, or
other such invasive modification of the gastrointestinal tissues. The invention described herein
exploits the geometry of the gastric and intestinal anatomy to maintain an intragastric ioplant in
a relatively fixed position within the gastrointestinal tract withowt attachment o the gastric wall,
Specifically, the present invention is directed to a gastric iraplant that comprises an intragastric
anchor and a therapeutic or diagnostic device coupled to the anchor, The intragastric anchor of
the invention limits the movements of a device attached 1o it to the displacement available to the

anchor within the stomach and/or the ducdenum.

[ou—
<
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j0864]  In one embodiment of the invention, the intragastric anchor has an elongate shape
extending along the long axis of the stomach from the antrum to the fundus such that
displacement of the anchor along the long axis due o gastric contractility or other causes s
limited by the gasiric anatomy of the fundus and pylorus. Similarly, the elongate anchor is
configured to be longer than the transverse width of the stomach and thus too long to be flipped
end over end within the stomach by gastric contractility. Thus, the intragastric anchor provides a
velatively stable platform on which to anchor bariatric or other therapeutic or diagnostic devices.
Onee deployed within the stomach, the anchor is configured 10 be larger than the pyloric valve to
prevent its passing out of the stomach and into the small bowel. This configuration enables the
ntragasiric anchor to maintain a relatively fixed position and orientation within the
gastrointestinal tract. The present invention is further directed to a method for anchoring a
therapeutic device or a diagnostic device within the stomach in a relatively fived position, that is
with a relatively stable position and orientation, while being free from attachment to the stomach
wall, the method comprising positioning an anchor according to the invention in the stomach of a
patient between the fundus and the pyloric valve and coupling a therapeutic device or a

diagnostic device to the anchaor.

{65]  In another embodiment, the intragasteic anchor has an elongate shape extending from
the antrum through the pylorus to the duodenum such that displacement of the anchor along the
long axis due to gastric or intestinal motility or other causes is imited by the anatomy of pylorus

and proximal duodenum. Similarly, the elongate anchor is configured to be longer than can be
accommodated by the relatively fixed curvature of the proximal duodenum. Thus configured a
transpyloric iniragastric anchor is too long to be fuily passed out of the stomach and into the
sraall bowel and may serve as a relatively stable platform on which to anchor bariatric or other
therapeutic or diagnostic devices within the gastrointestinal tract. Once deployed across the
pylorus, a narrow portion of the anchor is configured small enough, typically 5 mm or smaller, (o
allow food particles and nutrients to pass around the anchor through the pylorus and into the
duodenum. This configuration enables the transpyloric intragastric anchor to maintain a
relatively fixed posttion and orientation within the gastrointestinal tract without compromising
the flow of mutrients out of the stomach. The present invention is further directed to a method
for anchoring a therapeutic device or a diagnostic device within the stornach in a relatively fixad
position, that is with a relatively stable position and orientation, while being free from

attachment to the stomach wall, the method comprising positioning an anchor according to the

11
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invention across the pylorus of a patient between the antrum and the duodenum; and coupling a

therapeutic device or a diagnostic device to the anchor.

[0066] Having secured the anchoring tmplant within the gastrointestinal tract, any number of
devices may be attached to it. In one embodiment, the device is a therapeutic device. For
example, a bypass sleeve may be secured to extend from the esophagus to the jejunum,
supported by a relatively fixed intragastric anchor. Haviog secured the anchoring implant within
the gastrointestinal tract, any number of devices may be attached to it. In one embodiment, the
device is a therapeutic device. For example, a bypass sleeve may be secured to extend from the
body of the stomach to the jejunum, supported by a geometrically-Tixed intragastric anchor,
Similarly, a dundenal-icjunal bypass sleeve extending from the ducdenal bulb into the jejunum
may be supported by such an anchor. Also similarly, devices restricting gastric inflow and/or

outflow may be supported by an intragastric anchor.

{86677 Similarly, diagnestic devices, such as for example a pH sensor, may be supported
within the gastrointestinal tract by an intragastric anchor. By way of example, when configured
o maintain a pH sensor within the duodenum, an intragastric anchor may include a duodenal
extension, extending from the body of the anchor through the first bend of the duodenum and to
the ampuila of Vater to support the sensor in a relatively fixed position within the intestine. To
minimize the risk of ductal blockage the sensor is preferably allowed some degree of motion
within the small bowel. Furthermore, since the intragasiric anchor will move in a restricted
fashion in response to normal gastric and intestinal motility and likewise move the pH sensor
affixed to it, the pH sensor may be slidably coupled to the intestine by an atraumatic shiding
apposition structure. Regular sliding along the intestinal wall reduces the possibility of
hyperplastic tissue ingrowth, minimizes pressure on healthy mucosa, minimizes the likelihood of
duct blockage, and enhances the removability of the sensor. The combination of elongate
intragastric anchor and sliding apposition structure improves upen stenting, stapling, suturing,
and other fixation methods for implanted diagnostic devices by avoiding the tendency of such

wnplants to migrate or 1o become non-removable through tissue ingrowth and scarring.

[6068]  In a preferred embodiment, the intragasiric anchor revolves around bariatric therapy. A
specific implementation described in this disclosure mimics the mechanisms by which Roux-¢n-
Y gastric bypass surgery is thought to operate while advantageously avoiding the severe,

invasive, and permanent surgical changes to the patient’s anatomy associated with such
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procedures, An anchored bypass sleeve isolates a section of the small bowel from gasiric chyme
and secrations, delays exposure to digestive enzymes by bypassing the ampulla of Vater, and

reduces nutrient absorption by bypassing a section of the small bowel.

[6069]  Configured to secure an anchored bypass sleeve within the duodenum, the intragastric
anchor may support the proximal opening of the sleeve in the duodenal bulb or duodenum distal
to the pylorus, or in the antrurm or body of the stomach proximal to the pylorus such that it is
provenied from migrating distally inte the small bowel. Since the intragastric anchor will move
in a restricted fashion during normal gastric motihity and will likewise move the bypass sleeve
affixed to it, the proximal opening of the anchored bypass slecve is preferably slidably coupled
io the surrounding fumen by an atraumatic sliding seal. The combination of elongate intragastric
anchor and sliding seal improves upon stenting, stapling, suturing, and other fixation methods by
avoiding the tendency of gastrointestinal tract implants to migrate, cause perforations, or fo

become non-removable through tissue ingrowth and scarring.

00781 One embodiment of an anchored bypass sieove device includes a radially compliant
o
proximal section of bypass sleeve extending from the duodenum to an infragastric anchor
implant in the stomach. The radially compliant section of sleeve maintains cutward radial
pressure on the pylorus and aids in guiding food particles (o the more distal portions of the
sleeve. Radial compliance may be inherent in the construction of the proximal sleeve or it mnay
be imparted by an expandable sleeve support such as a sinusoid or strut structure. The distal
b

section of the bypass sleeve extends into the small bowel.

[8071]  The anchored bypass sleeve is delivered to the target site via a prepositioned guidewire,
in parallel with an endoscope, through an overtube slid over an endoscope, or with a fiexible

~

delivery enclosure. The device may include multiple radiopague markers along its length 10 aid

deployment under fluoroscopic guidance. For example, markers may be placed at the distal end

of the bypass sleeve, at the distal end of the anchor, at the proximal end of the anchor, and at the
sliding seal. Portions of the anchor such as the rigid element may be configured for relative

radicpacity.

{00721 In a fivst specific aspect of the present invention, an intragastric anchor implant
comprises an clongate anchor adapted to extend substantially from the fundus to the pyleric
valve in a patient and a therapeutic or diagnos’iic device, such as a bariatric slecve, coupled {o the

anchor. The elongate anchor will usually be adapted to remain positioned in the stomach without
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the need for suturing, stapling, or other forms of attachment. The length and geometry of the
anchor will typically be selected to assure that the anchor remains withio the stomach without
being ejected through the pyloric valve or otherwise adversely affecting the patient. The
therapeutic or diagnostic device will be either fixedly or movably coupled to the anchor, and may
he coupled at one or mare points. In the case of a bariatric sleeve, the bariatric sleeve will be
configured to act in a manner similar or analogous to the Rowx-en-Y gastric bypass, typicaily
having a central passage with an upper or proximal opening positionable in the esophagus and a
iower or distal outlet positionable in the infestines, or in some instances within the stomach. In
any of the embodiments described berein, the anchor may have a variety of particular
configurations and geometries: it may be either rigid, flexible, or have pottions of each; it may be
either straight, curved, include one or more bends, or have various other corbinations of
geometries; and/or it may comprise nestable or hinged links in order to have a shape-lock
configuration which facilitates introduction and subsequent reconfiguration within the stomach.
The elongate anchor will usually have upper and lower atraumatic ends or features, where the

atraumatic end may be a bulbous geometry, a looped structure, or the like.

[0073]  The bariatric sleeve will usually have a resilient sliding seal at its proximal end, which
is adapted to slide against or slidably engage the inner wall of'the esophagus. The sliding seal
may be an inflatable balloon or cutf structure, or it may be a resilient flared structure, or it may
be a stented structure 1o provide a resilient opening fores, or the Hike. Usually, the bariatric
sleeve will also slidably extend through the pvloric valve so that both the upper and lower ends
of the sleaves may move within the gastroesophageal junction and pyioric valve as the siomach

changes positions.

[6074] in another aspect of the present invention, a mathod for treating obesity comprises
positioning an anchor across the pylorus of a patient. The anchor will typically be positioned
between the antrum and the duodenal bulb and will usually be free from attachment to the
intestinal or stomach wall. A bypass siceve is coupled to the anchor, and the anchor positions a
proximal opening of the sleeve in the antrum, duodenal bulb, or ducdenum and a distal outlet of
the sleeve in the small bowel. The proximal opening of the sleeve is preferably slidably disposed

against a fumenal wall to guide food particles into the sleeve and inhibit food bypass.

[0875] TFigure 1A describes an intragastric anchor implant 100 supporting an intestinal bypass

sleeve 101 that 1s substantially impenetrable to nutrients and food particles, in aceordance with

14
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many embodiments. The sleeve is configured to line the intestine such that nutrients and food
particles pass through the sleeve lumen and are prevented from contacting the intestinal wall

i

while passing inside the sleeve. A preferred embodiment of the sleeve is configured 1o line the

duodenum and proximal jejunum at least to the ligament of Treitz. Alternate embodiments may
5 include shorter or longer bypass sleeves. An embodiment of the intragastric anchor implant

includes proximal and distal atraumatic tips or features, 103 and 104 respectively, connected by a
substantially rigid element 102. In an embodiment in which atraumsatic features 103 and 104 are
balleons, rigid element 102 may serve as a conduit to distribute pressurized fluid between the
balloons as well a5 acting as preventing the anchor’s passage cut of the stomach in the event of

10 accidental balloon deflation. A preferred emmbodiment of the rigid element is at least {0 om long
such that it will be unable to pass through the tight and relatively fixed turns of the proximal
duodenum, although alternate embodiments may employ rigid elements that are shorter and
longer than 10 cm. Some embodiments of the rigid element may be configured for substantial
radiopacity such that the position of the rigid element within an anatomical lumen may be

15 contirmed fluoroseopically. These embodiments may include barium, tantalum, gold, metallic

particles, or any suitable radio~opaque material in their construction.

{6876] The embodiment of the intragastric anchor traplant depicted in Figure 1A is configured
to geornetrically Himit movement of the distal atraumatic feature and sleeve opening relative to
the pylorus by extending substantially between the antrum and fundus of the stomach. Although
20 this embodiment includes a toroidal distal atraumatic feature 104 which supports and holds open
the proximal sleeve opening 106, alternate embodiments may include U-shaped distal features,
multiple balloons, or any other suitable form which includes a space which holds open the
proximal end of an intestinal bypass sleeve and be connects it to the anchor implant 100, The

distal atr ic feature is configured to be engaged by peristaltic action of the antrum such th
distal atraumatic feature is configured 1o be engaged eristaitic action of the antrum such that

~g

25 ivis pulled towards the pylorus while being sufficiently large, approximately 25 mm in diameter
although larger and smaller configurations are possible, not to pass through the pylorus. A
proximal portion 103 of the intestinal bypass sleeve 101 is configured to slidably engage the
gastrointestinal tract such as one or more of the pylorus, bulb of the duodenum, duodenum, and
jeiunum. The proximal portion of the intestinal bypass sleeve may be configured 1o retain
30 sufficient compressive strength to shide back and forth through the pyloric valve as gastric

peristalsis displaces the intragastric anchor implant within the stomach,

fu—
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10077] A preferable embodiment of a sleeve would include a portion that is capable of
smoothly changing diameter to accommodate stomach and small bowel peristalsis as well as the
opening and closing of the pyloric sphincter forming a seal such that food particles exit the
stomach through the proximal opening 106 of the intestinal bypass sleeve 101, To achieve such
compressive sirength and the ability to change diameters a portion of the sleeve as shown in
Figure 3D may be constructed of a braided material embeddad in an elastomer such as silicone,
polyurethane, thermoplastic elastomer such as Santoprene, or any suitably compliant material.
‘The braided material may be polypropyience monofilament, stainless steel, nickel-titanium alioy,
fluoropolymer, or any suitable braid material. More preferably a braid-reinforced proximal
portion of the sleeve may be configured to provide sufficient radial compliance to expand when
the pyloric sphincter relaxes while exerting minimal surface pressure on the sphincter when it is

3
H
H

closed. A bypass sleeve thus constructed will also offer significantly improved resistance to

twisting and kioking along its length within the small bowel, preventing possible blockages.

[6078] The embodiment of an intragastric anchor implant depicted in Figure ! includes a
toroidal distal atraumatic feature 104 angled with respect to the main axis of the anchor towards
the pylorus such that the bypass sleeve exits the atraumatic feature more directly in the direction
of the pylorus. Another emabodiment of an intragastric anchor implant may include a distal
atraumatic feature rotated 90 degrees such that its central axis is orthogonal to the main axis of

the intragastric mplant,

18679} Figure 1B depicts an embodiment of an intragastric anchor implant supporting an
intestinal bypass sleeve attached circumferentially to a substantially rigid element 102 which
includes a lumen 108 to which bypass sleeve 101 is connected and through which chyme
{partially-digested food particles} may pass. A rigid element 102 included in any embodiment of
an intragastric anchor implant may include a one-way valve and port 106 through which alr,

carbon dioxide, saline, or another suitable fluid may be introduced via a {1l tube 107 into

proximal and distal atraumatic features 103 and 104 when configured as balioons,

[0080]  Figure 1C depicts an embodiment of an intragastric anchor implant supporting an
intestinal bypass sleeve 101 attached to the central apening 111 of & toroidal distal feature
balloon 104 which is itself attached to a flattened, spoon-shaped section 109 of rigid element
102, The sleeve 161, balloon 104, and rigid clement 102 may be attached with UV curing glue,

silicone glue, RF welding, or any other suitable technique. The flattenad-section 109 may extend
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proximally to make room for food particles to reach the mouth of the bypass sieeve 101, The
rigid element may include a fumen 110 to serve as a conduit distributing pressure between the
balloons. The sieeve opening supported by the distal balloon may be angled acutely relative o

the main axis of the intragasiric anchor implan

[0081] Figure 1D depicts an embodiment of an intragasiric anchor implant supporting an
intestinal bypass sleeve 101, The sleeve opening 120 supported by the distal balloon may be
angled obtusely relative to the main axis of the intragastric anchor implant to separate the sleeve
opening 120 from the rigid member and improve exposure of the sleeve opening to gastric

peristalsis carrying food particles.

{0082 Figure 1E depicts various examples of embediments of both the proximal 115 and
distal 116 balloons configured to be manutactured by RE welding or similar t»thqugs starting
from a flat pattern 119 of multiple layers of material such as pelyurethane thermoplasi

Chambers 118 in a distal balloon may be arranged around an intestinal bypass sleeve opening
117 such that they support it when inflated. Such balloons may be attached to a rigid element

102 via UV curing glue, heat-staking, or any other suitable attachment method.

{6083] Figure 2 depicts an embodiment of an intragastric anchaor implant 200 with a flexible
section 205 connecting distal and proximal atraumatic feature balfoons, 204 and 203
respectively, supporting a therapeutic device, such as an intestinal bypass sleeve 201 as shown in
this embodiment. The flexible section 203 may be constructed of flexible material such as
elastomner, polvimer, or fiber, or may be constructed with a hinge or plurality of hinged or linked
joints. This flexible configuration allows the distal balloon 204 of an intragastric anchor implant
200 to rotate to face the pylorus, accommodating the curvature of the stomach, while the entire
structure refains sufficient sfiffhess to limit the movement of the distal balioon and sleeve
opening relative to the pylorus. The distal balloon 204 may include a smooth outer surface or it
may be ridged and include several sub-chambers, A preferred embodiment of an intragastric
anchor implant may include a fill-valve 206 connector for a detachable {ilf tube mounted on the
proximal balloon. Flexibie connecting tubes 207 and 208 may connect the fill-valve to rigid
element 202 and distal atraumatic feature 204.

[6084] Figure 3A depicts an embodiment of an intragastric anchor implant 300 supporting an
intestinal bypass steeve 301 via a flexible connector 305, The flexibie connector may connect

the proximal end, outer surface, or inner surface of the bypass sleeve 301 to a rigid element 302

i7
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or to distal atraumatic feature 304, In a preforred embaodiment the connector connects the rigid
elernent 302 to the inner surface of the bypass sleeve at a point distal 1o the sleeve’s sliding seal
306 via a coupling structure 308 such that the sleeve proximal opening is free to expand with
sliding contact against the surrounding stomach, pylorus, or intestinal wall. In the embodiment
depicted in Figure 3A, the length of the flexible connector 305 and distance fram the sleeve
conmaction point are sized to maintain the sleeve opening in a variable but relatively constant
position within the antrum portion of the stormach. In alternate embodiments, the connector
length and conpection point may be sized to maintain the position of a slidably-coupled sleeve
opening within the pylorus, ducdenal bulb, ducsdenum, or any advantageous position within the
gastrointesiinal tract. In the embodiment depicted in Figure 3A, the proxiraal opening 306 of the
bypass sleeve 301 is configured to slidably couple to the mucosal surface of the antrum such that
substantial contact is maintained as the intragastric anchor implant is displaced within the
stomach by gastric and intestinal motility. The friction of sliding contact may be reduced by
coating a portion of the external surface of the bypass sleeve 301 with a hvdrophilic polymer,
parylene, or other suitable friction-reducing coating. In the embodiment depicted in Figure 3A,

£
T

the proximal opening of the bypags sleeve 301 is configured with a radiused edge 307 such that
the sleeve presents an atraumatic surface compatible with sliding contact, Alternate embodiments
may position & slidably coupled proximal sleeve opening within the duodenal bulb, duodenum,

or any advantageous position within the gastrointestinal tract.

{00385]  Figure 3B depicts an embodiment of an infragasiric anchor implant supporiing an
intestinal bypass sleeve with a flexible connector 305, The connector may be constructed of a
polymeric elastomer, fiber reinforced elastomer, polymer monofilament, or any suitable material.
In this embodiment, a proximal portion 310 of the sleeve 301 is configured to be slidably
coupled (o the inner surface of the ducdenum and the connector 305 attaches {o the sleeve’s
proximal opening with a coupling clemert 311 leaving the opening substantially patent such that
the passage of nutrients and food particles is substantially unimpeded. The coupling element
may be an integrally meolded part of connector 303 or may be constructed of nickel-titanium
alloy or stainless steel wire strugs, or any suitable material of sutficient strength to resist farces
imparted by peristalsis while being sufficiently compressible to allow the bypass tube and anchor

assembly to be delivered in a small diameter package.

13886] Figure 3C depicts embodiments of a slidably coupled bypass sleeve 342 configured for

atraumatic sliding upon the surface of an anatomical lumen while accommodating varving lumen
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diarneters and shapes, In these embodiments, a sliding seal section of the intestinal bypass
sleeve 342 is configured for substantial apposition against and atraumatic sliding upon the
surface of anatomical lumen 348, In order for the opening of a bypass sleeve to conform (o the
internal topography of a section of the gastrointestinal tract, it may be configured to have g
mechanical compliance similar to or less than that of the lumenal wall against which it will slide
while at the same time generating encugh outward radial pressure to maintain substantial
apposition against that wall. This may be achieved with a stent-like structure, such as
compressible ring 340, incorporated into the proximal sleeve which may also include a radiused
proximal edge 341. ‘the compressible ring 340 may inciude at least one sinusoidal element o
allow compression and expansion such that cutward radial pressure may be applied to an
anatomnical lumen so as to create a shding seal when combined with a flexible circumterential
tube 347 made of material such as polypropylene, fluoropolymer film or the like. The ring may
be made of polymer such as polypropylene or fluoropoiymer, nickel-titanium alloy, stainless
steel, or any suitable material. An altermate embodiment of a sliding seal section of a bypass
sleeve includes a radivsed low durometer elastomeric cuff 245 atiached to a bypass sleeve
opening 346, Another alternate embodiment includes a tapered low durometer elastomeric wiper
343 attached to the proximal sleeve opening 344, or any suitable structure that provides

appropriate compliance and sleeve apposition.

[0687] A preferred embodiment of a sliding seal, as shown in Figure 3C, employs overlapping
leaflets 331 attached to a coupling ring 330 which provides circumferential mechanical support

and which may attach to intestinal bypass sleeve 332, The leaflets, while fixed to coupling ring
330 at their bases, may slide past one another along the rest of their lengths to increase or

feured with

J

decrease the effective diameter of the sealing surface. The leaflets may be conf
outward curvature such that effective diameter D is larger than the diameter of the coupling ring
and may interfere somewhat with an anatomical lumen to provide a slideably coupled seal. The
leaflets may be made of flexible material such as thermoplastic elastomer, silicone,

flucropolymer, polypropylene, or any suitable material.

{0888] A preferred embodiment of a sliding seal section of intestinal bypass slecve 320, which
typically includes a proximal opening of the intestinal bypass sleeve, incorporates a compliant
composite structure as shown in Figure 3D and in Figure 5 (in sectioned and partiaily-sectioned
cutaway views, respectively) in which a fibers in a tubular braid 321 are embedded in an

elastomeric matrix such as silicone rubber, polyvurethane, thermoplastic elastomer such as

$%
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Santoprene, or any suitable elastomeric matrix material. Such a structure enables a bypass sleeve

o~

of varying diameters {0 be constructed such that a larger diameter may form a duodenal or antral

sliding surface while the entire structure may be contracted into a smaller diameter for delivery
into a target site within the gastrointestinal {ract, maintaining substantally smooth inner and

S outer surfaces. Similarly, a smaller diameter section forming a pyloric sliding surface 324 may

be defined and set into the elastomeric composite structure, Himiting the reaction force exerted on
particular sections of the gastrointestinal tract. Slhiding surfaces defined by the smaller diameter
section may include pyloric and ducdenal sliding surfaces. A relatively smaller diameter section
at the proximal opening of the bypass sleeve may alse be set into the elastomeric composite

10 structure such that an atraumatic radissed edge 322 of a sliding seal is formed. Such an
atraumatic feading edge may also be formed through molding, heat-setting, or any suitable
process. A bend 323 may also be set into such an elastomeric composite structure such that the
flexible sleeve tends to settle into specific bends in the gastrointestinal fract such as the first bend

of the deodenurn. Sliding surfaces constructed in this manner may also inchude a coating of

15 hydrophilic polymer, parylene, or other suitable friction reducing coating.

[0689]  Figure 4 depicts an embodiment of an inflatable intragastric anchor implant 400
supporting via a flexible tether 403 an intestinal bypass sieeve 401 having a proximal end
{shown in sectioned cutaway view) configured as a shiding seal 406 with a curved opening edge
404 configured for sliding and positioned within and shidably coupied to the dundenal bulb and
20 duodenum. Asshown in Figure 4, rigid element 402 may be attached {o an outer surface of
inflatable portion 403, although the rigid element may also be attached to an inner surface of the
inflatable portion or in an intermediate position. The rigid element 402 and may include an
inflation port 407 with a one-way valve to retain pressure within the implant. The rigid element

is configured to be at approximately 10 om long to prevent the intragastric anchor implant from

N
n

exiting the stomach should the inflatable portion 405 deflate, although longer and shorter
embodiments of the rigid element are possible. Tether 403 may connect divectly to the rigid

clement as shown in Figure 4, or alfernately may connect to the inflatable portion.

[B086]  Figure 5 depicts an embodiment of an intragastric anchor implant S00 configured to

position a substantially rigid element 502 through the pyloric valve such that it straddles the

3¢ antrum and proximal duodenum and supports an intestinal bypass sleeve 581 that is substantially
impenetrable to notrients and food particles. The sleeve SO1 is configured fo line the intestine

such gastric chyme passes through the sleeve lumen and is prevented from contacting the

20
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intestinal wall while passing inside the sleeve. A preferred embodiment of the sleeve is
configured to line the duodenum and proximal jejunum, such as a 40 cm to 80 cm portion of the
small bowel, at east to the Hgament of Treltz. Alternate embodiments may include shorter or
ionger intestinal bypass sleeves. A preferred embodiment includes a rigid element 502 that is at
least 10 cm long such that it will be unable to pass through the tight and relatively fized turns of
the proximal ducdenum, although alternate embodiments may employ rigid elements that are
shorter or longer. A preferred embodiment of the rigid element 502 is approximately 3 to § mm
in diameter, although practicable embodiments of larger and smaller diameters are possible
depending upon material selection. The rigid element 302 may be constructed of acid-resistant
materials such as polypropylene, fluoropolymer, nickel-titanium alloy, stainless steel, or any
suitable material. Some embodiments of the rigid element 502 may be configured for substantial
radiopacity such that the position of the rigid clement within a biological lumen may be
confirmed fluoroscopically. These embodiments may include barfum, tantalum, gold, metallic
particles, or any suitable radio-opaque material in their construction. Since an intragastric
anchor tmplant, although remaining in a relatively stable position, will be subject to movement
impacted by gasteie and intestinal rotility it is advantageocus for the rigid element 502 to bave a
substantially smooth and even surface such that it may slide relatively unimpeded against pyloric
tissye. Alternate embodiments of the anchor may include a friction-reducing coating such as a
hydrophitic polymer, parylene, or the like, on the outer surface of the rigid element 302 to
reduce the possibility of mucosal erosions in the pylorus and surrounding tissues. The rigid
element 307 is located between proximal and distal atraumatic features, 503 and 504
respectively, which spread the mechanical loads imparted by gastric motility over relatively large
surface areas,
[08691] Embodiments of these atraumatic features, 503 and 504, may include pressurized fluid-
filled balloons, or non-pressurized hollow or solid compliant projections including ribs, fins,
rods, domnes, bulbs, prismatic shapes, or other flexible features capable of spreading mechanical
foads through yoechanical deflection over a relatively large area. The compliant projections may
be constructed of acid-resistant low durometer elastomear such as silicone rubber, polvurethane,
Santoprene, and the ke, or they may be construcied of loops, arcs, braids, or networks of
polymer such as polypropylene or fluoropolymer or of springy metal such as superelastic nickel-
titanium alloy or stainless steel. Wire embodiments of the atraumatic features may be encased in

acid-resistant flexible membrane such as silicone elastomer, thermoplastic elastorer such as
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Santoprene, polyurethane, PTFE, and the like to protect tissue or they may be exposed,
particularly in the case of a distal atraumatic feature 504 which may be contained within an
intestinal bypass sleeve 301, Alternately the proximal and distal atraumatic features may be
rigid as the proximal atraumatic feature 1003 depicted in Figure 10B and configured to distribute
mechanical loads over relatively large surface areas without substantially deforming. The
proximal atraumatic feature resides in the stomach and serves to shield gastric tissue from the
rigid element’s proximal end. in the embodiment depicted in Figure 3, the distal atraumatic
feature 504 resides in the ducdenal bulb or proximal duodenum and serves to connect the
intragastric anchor implant to the bypass sleeve as well as shielding the small intestine from the
distal end of the rigid element. The distal atraumatic feature may be configured to substantially
fill the duodenal bulb as shown in Figure 8 or to be suspended within the bypass tube’s proximal
opening, contacting the bypass tube only at a few connection points with fins 505 as shown in

Figure 5 or with struts 1006 as shown in Figure 108, or any suitable connection element,

{8092  The embodiment of the intestinal bypass sleeve shown in the partially-sectioned
cutaway view in Figure 5 is configured to slidably couple with the duodenum. As shown in
Figure 3, this coupling with the duodenal wall is achieved by a sliding seal 507 forming the
proximal portion of the intestinal bypass sleeve 5071 constructed with braid 506 embedded in
silicone elastomer, thermoplastic elastomer such as Santoprene, or other suitable flexible matrix
material set into a fully expanded state which is slightly larger in diameter than the expected
diameter of the proximal duodenum or duodenal bulh. Compliance fing 505 may also provide
radial expansion force to aid in coupling sliding seal 508 to an anatomical lumen. In an
embodiment of the invention including a sliding seal made a¢ 2 composite structure with braided
fibers embedded in an elastomeric matriz, a contact zone of larger diameter than the majority of
the intestinal bypass steeve 501 and a curved proximal opening edge 507 configured for sliding
may be defined in manutacturing. This larger diameter contact zone forms the sliding seal which
maintains 3 constant gentle pressure against the infestinal wall such that the contact zone

conforms to differences in diameter and shape as it shides back and forth within the duodenum in

response (o gastric and intestinal motility.

[3393]  Asshown in Figure 5, a proximal section of an intestinal bypass sleeve may be pre-
forrned into an curved or bent configuration such that the proximal section of the sleeve will tend
1o ssttle into the first bend of the duodenum. A preferred embodiment mciud;,s a proximal

portion of the bypass sleeve formead of flexible mesh or braided material 506 embedded in an

22



o

10

36

WO 2013/049167 PCT/US2012/057288

elastomeric matrix such as siticone, polyurethane, thermoplastic elastomer such as Santoprene,
or the like. The braid serves to maintain smooth, wrinkle-resistant bends and accommodates
changes in diameter while also heiping to spread the thrust load produced by stomach motility,

such as peristalsis, acting upon the intragastric anchor implant,

{3084] Figure 6 depicts an embodiment of an intragastric anchor implant 600 supporting an
intestinal bypass sleeve 601 (shown in partialiy-sectioned view) with a proximal opening
configured as a sliding seal 603 slidably coupled to the antrum and distal stomach. The
intragastric anchor implant may include a rigid element 602 which may be coupled to the bypass
sleeve 601 by flexible internal ribs 604 formed of elastomeric material such as Santoprene or
silicone, flexible polymer such as poivp*opvimc or fluoropolymer, metal such as nickel-titaniom
alloy, or any suitabie compliant material. The elastomeric coupler serves as a distal atrapmatic
feature 605 for the end of the rigid element such that forces imparted by gastric and duodenal
motility are broadly disiributed to the duodenum. A radially compliant connecting structure 606
sonnects sliding seal 603 to arraumatic feature 603, passing through the pyloric vaive with rigid

element 602.

{30951 Figure 6 further illustraies a mechanism by which this embodiment of the anchor
implant, as well as many of the other embodiment described herein, substantially maintains its
anchoring position within the stomach. As shown in Figure 6, a distal portion of the anchor
implant near the distal feature is engaged with the tissue at the pyieric valve at Point A and a
proximal portion of the anchor, the proximal {eature, is engaged with a distal pordon of the
stomach wall at point B such that a longitudinal axis of the anchor, the X-axis, is limited in its
range of movement. By engaging a tissue of the patient with a proximal portion and a distal
portion of the anchor, the movemeant of the anchor is limited such that the anchor is prevente
from rotating to an angle that would allow the anchor to pass through the proximal duodenum,
Additionally, the [ength of the elongate element may be sufficiently rigid to prevent bending or
curvature that would allow passage of the element through the proximal duodenum. Thus, by
engaging the tissues of the patient as described. the claimed implant and elongate element allow
for anchoring without the use of invasive techniques such as suturing of tissues. Furthermore, as
the above mechanisms lmit the displacement of the longitudinal axis the anchor may be
configured to maintain a desired angle or axis within the stomach so as o achieve a desired flow

of ingested matier or optimal anchoring position for a given application.
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[(696] Figure 7 depicts an embodiment of an intragastric anchor implant 700 supporting an
intestinal bypass sleeve 701 with a flexible connector 702 such that the opening of the sleeve 701
remains shidably coupled in refatively constant position within the duodenum distal to the
dundenal buth., A flexible connector 702 may be constructed of polymeric elastomer, a fiber
reinforced elastomer, a polymer moncfilament, or any suitable material or combination of
materials. The flexible connector 702 may be configured with sufficient rigidity to transmit
compressive mechanical loads as well as tensile loads or it may be configured such that it
transmits only fensile loads. A connector 702 may be coupled to a bypass sleeve with a
compliant coupling structure 703 allowing temporary compression 10 a smaller diameter for
deliverability and a substantially oper lumen such that nutrients and food particles may pass
relatively unimpeded. The connecior coupling structure 703 may include an elastomeric
polymer fin structure, a superelastic nickel-titanium wire structurs, or employ any suitably
flexible material.  The coupling structure 703 may support a sliding seal configured o slideably
couple the proximal opening of intestinal bypass sleeve 701 to an anatomical lumen. The distal
atraumatic feature 709 covers the rigid element’s distal end providing relatively large, compliant
surfaces within the duodenum while retaining a relatively open structure such that nutrients and
food particles may pass through to the sleave opening relatively unimpeded. A proximal
atraumatic feature 706 may be configured with folded-over fins to present a larger compliant
surface area (o the surrounding tssues. The atraumatic features or caps, 705 and 706, may be
made of any suitable elastomeric material or may include a combination of materials such as
sificone and superelastic nickel-titanium, silicone and stainless steel, silicone and polymer
monofilaments such as polypropylene, or any suitable compliant material or combination of
maicrials, Alternate embodiments may include at least one fluid-pressurized balloon or non-

[

pressurized bulb as one or both of the atraumatic features.

{30971 Figure & depicts an embodiment of an intragastric anchor implant 800 supporting an
intestinal bypass sleeve 801 (shown in cutaway view) that is slidably coupled with the duodenum
and duodenal bulb via sliding seal 803, In this embodiment, the anchor is coupled to the bypass
sleeve 801 via slender foops 804, such as wire loops, which serve as an atraumatic feature to
distribute and transfer mechanical loads from the anchor o the bypass sleeve and duodenum
while presenting a very small cross-sectional area and littie resistance to the passage of nutrients
and food particles. The slender loops 804 may also be configured to interfere with the

surrounding bypass sleeve 801 such that they provide radial compliance to the shiding seal 803 to
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aid in maindaining apposition of the proximal sleeve opening to the duodenal wall. Alternately
the slender loops may be configured to connect only to a portion of the bypass sleeve 801 such as
the proximal opening or a portion distal to the opening, allowing the unconnected portions of the
loop structure free to move within the bypass sleeve 801, [n a preferred embodiment, the siender
loops 804 are made of superelastic nickel-titanium alloy whereas alternate embodiments may
employ stainless steel alloys, polymer monofilaments, thermopolymer such as polypropylene,

fluoropolymer, thermoplastic elastomer such as Santoprene, or any suitable material.

[6098] Figures 2A and 9B depict an embodiment of an intragastric anchor implant 500
supporting an intestinal bypass sleeve 901, The implant includes a rigid element 902 configured
i pass from the antrum section ot the stomach through the pyloric valve and into the duodenal
bulh. Proxiral and distal atraumatic features, 903 and 904 respectively, serve to spread and
transfer mechanical loads preventing fissue srosion and reducing the likelihoad of perforation. A
sliding seal 905 which slideably couples the proximal opening of the intestinal bypass sleeve 961
to the intestinal fumen may include a plurality of overlapping leaflets 906 configured to conform
the sliding seal’s diameter to the intestinal lumen’s diameter. The leaflets 966 and atraumatic
features may be made of a flexible thermoplastic elastomer such as Santoprene, silicone,
thermoplastic polymer such as polypropylene, fluoropolymer, or any suitable material.
Alternately, they may include multiple materials such as polypropylene and Santoprene,
flucropolyraer and nickel-titaniwm alloy, or any suitable combination of materials that resulis in
appropriate compliance and conformability. The distal atraumatic feature 904 may include a
coupiing ring %07 configured to aid coupling of the intestinal bypass siseve 901 to the anchor
implant assembly via thermal bonding such as heatstaking, insert molding, or other suitable
connection means. The coupling ring 907 may be coupled to the distal atraumatic feature 904
via fins 909 (as shown in Figure 9B), loops, struts, or other suitable connection elements. A
preferred embodiment of the Intragastric anchor implant includes an intestinal bypass sleeve 901
made of polvoropylene il and a distal feature 904 made of melt-bonding compatible material
such as polypropylene polymer or Santoprene thermoplastic polymer. Some embodiments of the
testinal bypass sleeve 201 may include near the distal opening a stiffening element 908
configured to engage intestinal peristalsis to apply distal axial tension to the bypass sleeve 901
and aid in deployment and extension of the bypass sleeve 901 into the intestine. In aliernate
embodiments, stiffening element 908 may be contigured to also prop open a portion of the sleeve

901 and locally maximize its cross-sectional area. The stiffening element 908 may be heatstaked
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1o the sleeve 901, insert molded with the sleeve, bonded with adhesive or mmay smploy any

suitable attachment technique.

[0099]  Figure 104, 10B, and 10C depict an embodiment of an intragastric anchor implant
1000 with a sliding seal 1004 configured to divectly support the proximal opening of an inestinal
bypass sleeve 1001, The sliding seal 1004 in this embodiment may include an expandable sleeve
support 1005 configured to expand radially from a collapsed configuration to an expanded
configuration, the support slidably coupling the proximal sleeve opening against an anatomical
fumen wall when in the expanded configuration. The expanded sleeve support 1005 creates a
substantially continuous circumferential seal that causes most nutrients and food particles exiting
the stomach to proceed down the lumen of the intestinal bypass siceve. The expandabie sleeve
support 1005 may include a sinusoid, diamond, multi-link, or any suitable expandable ring
cortfiguration. The expandable sleeve support may be coupled to a rigid element 1002 via struts
10046, fins, or other suitable connecting structures. In a preferred embodiment, flexible struts
1006 connect the rod to at least one apex of an expandable sleeve support sinusoid ring such that
the struts to allow the sinusoid to expand and compress radially while maintaining a connection
to the rigid element 1002, In a more preferred embodiment, the struts 1006 retain a distal slope
such that an expanded sleeve support distal to a narrowed section of lumen such as a sphincter
may be radially cornpressed by withdeawing the rigid element 1002 proximally such that the

struts press against the narrowed lumen and flex radially towards the rigid element, drawing the
sleeve support inward, The proximal end of the rigid element 1002 may include an atraumatic
proximal feature 1003 with an enlarged radius of curvature cgnﬁgured 50 a8 to provide a blunt,
atraumatie surface. Although the emboediment shown in Figures 10A and 10 depicts an
intragastric implant 1000 in which rigid element 1002, proximal 1003 atraumatic feature, struts
1006 and expandable sleeve support [005 are a single-piece structure made of a single roaterial
such as polypropyiene or fluoropolymer, alternate embodiments may include multipie
componenis made of different materials such as struts or an expandable sleeve support made of
nickel-titanium or stainiess steel alioy. Fabricating the anchor implant from a single-piece of
material is advantageous as it aliows the implant to resist wear, breakage and fatigue from the
cyclical movements exerted on the anchor implant by gastric motility over the life of the implant

while also reducing its manufacturing cost.

{8288] Figwre 10C depicts an embodiment of an intragastric anchor implant whereby the

expandable sleeve support includes tabs 1007 to which the proximal opening of intestinal bypass
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sleeve 1001 may be attached via thermal bonding, riveting, clamping, heatstaking, gluing, or

other suitable means of aitachment.

{0161} Figures 1A and 11B depict an alternate embodiment of an expandable sieeve support
1100 includes struts 1104 and 1105 angled in opposite directions connecting the rigid element
1102 to alternating expandable sleeve support 1106 sinusoidal troughs. This configuration
allows expansion of the sinusoidal ring without translation relative to the rigid element which is
advantageous in that relative to other embodiments it reduces the overall length of the expanding

support.

{0182}  Drawstrings are commonly employed in removable stents as a means of compressing
the stent diameter such that it may be withdrawn from an anatomical lumen. As depicted in
Figures 11A and 118, an alternate embodiment of an expandable sleeve support includes at ieast
one drawstring, 1107, attached to each proximal sinusoid apex and ruoning through at least one
lateral opening 1111 in the rigid element 1102 and through a central lumen 1010. An alternate
embodiment may also include a drawstring 1108 attached to each distal sinusoid apex and
runping through central fumen 1110, Fach drawstring may be withdrawn through the central
fumen to compress the expandable sleeve support 1106 by pulling on drawstring loop 1109, The
drawstring loop may be actuated by pulling into a lumen of a support structure such as the
working channel of an endoscope, the tip of which may support the rigid element 1102 providing
a counterforce for tension on the drawstring loop which is transmitted to and compresses the
expandabile sleeve support 1106 reducing its diameter in preparation for removal of the device
from an anatomical lumen. The device may be removed by applying a loop snare to the rigid

element distal to atraumatic proximal feature 1103.

[8103] Figure 12 depicts an alternate embodiment of an intragastric anchor implant 1200
mcluding an atravmatic distal feature 1204 that includes an expandable slesve support 1205 to
which intestinal bypass sleeve 1201 is attached, In a preferred embodiment, the distal atraumatic
feature 1204 and expandable sleeve support are made of fiexible polymer as a single piece and
the expandable sleeve support 1205 is configured to collapse and compress when the anchor
implant is proximally retracted and withdrawn from a luminal narrowing such as the pylorus.

The feature and sleeve support may be made of silicone, polypropylene, thermoplastic elastomer

such as Santoprene, silicone, flucropoiymer, or any suitable flexible material. In an furthes
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preferrad embodiment, the distal atraumatic feature 1204 includes radial fins 1206 or struts

which are sized to interfere with the lumen into which the feature is placed,

[0104] Figure 13 depicts an alternate embodiment of an intragastric anchor implant 1300 in

304

.

which an expandable sleeve support 1305 is flexibly attached to distal atraumatic feature
g a flexible coupling section 1306, The expandabie sleeve support 13035 slidsbly couples with
an anatormical fumen such as the intsstine {6 form a shiding seal and, with the flexible coupling
seetion, guides food particles into intestinal bypass sleeve 1301 while allowing rigid element
1302 with aitached proximal and distal atraumatic features, 1303 and 1304 respectively, to move
relatively freely with respect to the expandable sleeve support 1305 in response to gasiric and
intestinal motility. Expandable sieeve support 1305 may be made of nickel-titanium alloy,
stainless steel, polymer such as polypropylene or fluoropelymer, or any suitable material.
Fiexibie coupling section 1306 may be made of polymer film such as polypropylene or
fluoropalymer, or clastomer such as silicone or thermoplastic elastomer such as Santoprene. An
embodiment of the intragastric anchor implant, as shown in Figure 13, may include a drawstring
configured to radially compress expandable sleeve support 1305, A preferred drawstring
embodiment may be configared similarly to drawstring 1107 in Figure 11 A such that the
drawstring is directed through a lumen in the rigid element 1302 such that the expandable sleeve
support 1305 may be radially compressed by pulling the drawstring from a point on the anchor
implant proximal to the pylorus. This method of compressing an expandable sleeve support
distal to a narrowed section of anatomical lumen such as the pylorus is advantageous in that no
additional compression aid need be passed through the pylorus in order 1o collapse and withdraw

the device.

[GE65]  Figure 14A depicts an embodiment of a parallel endoscopic delivery system 1400 for
deployment of an intragastric anchor raplant, in accordance with many embodiments. The
defivery system 1400 is advanced into the stomach in parallel with an endoscope 1401, which is

placed into a long position along the greater curvature of the stomach. Endoscope connector
1402 attaches the delivery system to the distal end of the endoscope via an elastic loop into
which the endoscope tip has been inserted. The endoscope connector 1402 may be made of
thermoplastic elastomer, silicone, polymer, or any suitable material. A delivery enclosure 1403
containg an intragastric anchor impiant 1407 with an attached intestinal bypass sleeve 1406
compressed axially and radially and contained within the delivery enclosure 1403, The delivery

enclosure 1403 is located distally to endoscope connector 1402 such that it may be visualized
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through the endoscope as the entire assembly is advanced and the delivery enclosure 1403 s
placed through the pylorus, In a preferred embodiment, the delivery enclosure includes an
optically transparent or rransiucent wall such that the implant itself is visible to the endoscopist
as it is advanced and deploved. Parallel placement of the endoscope and delivery enclosure 1403
allows continuous visual monitoring of the intragastric anchor implant is as it is delivered and
deployed. A flexible pushrod 1404 runs through a housing 1405 and is used to transmit axial
force to push the intragastric anchor implant 1400 out of delivery enclosure 1403, deploying it

into the duodenum and stomach,

[0806]  As shown in Figure 148, deployment of intragastric anchor implant 1407 through
paratlel endoscopic delivery system 1400 may procced with advancement of pushrod 1404 so
that bypass sleeve 1406 is advanced out of delivery enclosure 1403, The endoscopist may
advance the bypass sleeve 1406 in increments, viewing progress through endoscope 1401,
allowing intestinal peristalsis to engage and extond the slceve 1406 distally within the duodenum
and jejunum. Bypass sleeve extension may be confirmed fluoroscopically or radiographically.
As shown in Figure 14C, the anchor implant’s distal atraumatic teature 1408 may be advanced
out of the delivery enclosure and expanded once the bypass sleeve 1406 has completed its distal
extension. The delivery systemn 1400 and endoscope 1401 may then he withdrawn while pushrod
1404 is advaneed further to deploy the anchor implant’s proximal atraumatic feature 1409, Full
and correct deployment may be confirmed endoscopically before the endoscope 1401 and

delivery system are withdrawn from the patient’s gastrointestinal tract.

181871 Figures 15A, 15B, 15C, and 13D depict an embodiment of an alternate, coaxial,
delivery systern 1500 for an intragastric anchor implant in which an endoscope 1501 with an
overtube 1502 including distal balloon 1503 is delivered into the stomach and inseried through
the pytorus. As shown in Figure 15A, the endoscope is initially inserted into the stomach orally
and its tip 1307 is guided through the pylorus and into the duodenum while the overtube 1502
rernains positioned proximally to the pylorus. The overtube 1 is then slid distally over the
endoscope through the pylorus and distal balloon 1503 is inflated distal to the pylorus as shown
in Figure 15B. The endoscope 1501 is then withdrawn and overtube 1502 is partially withdrawn
as shown in Figure 15C placing the stomach and the overtube 1502 into a relatively straightened
position, thus reducing the radius of curvature of the overtube. A straighter overtube 1502 may
be advantageous in reducing the force requived to advance an intragastric anchor implant through

the overtube’s central lumen. Intragastric anchor implant 1504 with intestinal bypass sleeve
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1505 is introduced into the proximal opening of overtube 1502 and advanced distally in a
compressed configuration while the endoscope 1501 is reintroduced and is used to advance the
anchor impiam. In a specific embodiment of the delivery system, a pushrod {508 may run
through the endoscope’s tool channel 1506 and frangibly engage the anchor implant so as o
enable the endoscopist to advance the anchor implant while maintaining a relatively steady
endoscope position. The pushrod 1308 may also be advantageous in maintaining a physical
space between the anchor implant and the tip of the endoscope which may aid in anchor implant
deployment by enabling advancement of the implant separate from advancement of the
endoscope 1501 as shown in Figure 15D and by enhancing visibility through the endoscope.
Figure 153D depicts an intragastric anchor implant 1504 partially advanced out of overtube 1502
such that intestinal bypass sieeve 13503 has beconie unconipressed and has extended distally into
the intestine and compressibie ring 1510 has expanded into the expanded contiguration, no
longer constrained by the overtube 1502 in the constrained configuration. in the expande
configuration, compressible ring 151¢ is in substantial apposition and sliding contact with the
lumen of the duodenum. Fluid such as water or saline may be flushed through the endoscope or
overtube to atd in the extension of the bypass sleeve. A radiographic contrast agent such as
barium may be included in the fluld to aid in fluoroscopic visualization of sleave extension.
Some embodiments of the intestinal bypass sleeve may include stiffening element 1509 near the
distal opening, the stiffening eiement configured to engage intestinal peristalsis to apply distal
axial tension to the bypass sleeve 1505 and aid in deployment and extension of the bypass sleeve
info the intestine. In alternate embodiments, stiffening element 1509 may be configured to also
prop open a portion of the sleeve 1505 and locally maximize its cross-sectional area. Stiffening
element 1509 may be configured for substantial radiopacity such that full sleeve extension may
be confirmed fluoroscopically and may inciude barium, tantaium, gold, metallic particies, or any
suitable radio-opague material in its construction. The stiffening element 1509 may be heat
staked to the sleeve, thermally bonded with the sleeve, insert molded with the sleeve, bondad to

¥ i
1
i

the sleeve with adhesive or may employ any suitable attachment technique.

[8188] Tigures 164, 16B and 16D depict an alternate delivery system 1600 for an intragastric
anchor implant 1602 in which a flexible sheath 1603 encloses a compressed anchor implant and
intestinal bypass sleeve 1605, An endoscope is initially placed into the duodenum and &

guidewire 1601 is sdvanced distaily into the duodenum and jejumim through the endoscope’s

working channel per standard endoscopic practice. As shown in Figure 16A the {lexible sheath
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may be delivered over guidewire 1601 and may include an introducer tip 1604 whose distal end
apers to a relatively small diameter, preferably approximately to the diameter of the guidewire,
1o ease passage through narrowed fumens such as the pyiorus. The guidewire may pass through
the introducer tip 1604, through the intestinal bypass sleeve 1605 and compressibie ring 1611,

and through the central tumen of the flexible sheath and through the tlumen 1608 of the plunger

1606 such that the entire agsembly may be advanced over the guidewire 1601,

[036%1  As shown in Figure 168, the introducer tip 1604 may include at least one split 1609
along a portion of its length such that it may expand radially to allow the anchor implant to exit
when advanced distally relative to the introducer tip. The split may be held together with a tether
1607 such as suture, monofilament, wire, or the like, threaded through openings 1610 alon
adiacent edges of the split such that removal of the tether allows the introducer tip 1604 (o apen
and expand. Alternately, the split may be held together with frangible connections such as
perforations, scoring, thermal bonds, adhesive, or any suitable connection means. In some
embodiments, the introducer tip may be larger in diameter than the flexible sheath 1603, such
that it may help to retain the sheath’s position within the gastrointestinal tract when fully
advanced past a nartow section of lumen such as the pylorus. When advanced relative to the
flexible sheath 1603 plunger 1606 transmits axial force to the anchor implant to advance it
distally and deploy it. The plunger may include a lumen 1608 along a portion of its length

through which a guidewire 1601 extends.

[8110]  Asshown in Figure 160, split 1609 in introducer tip 1604 is disconnected such that it
may expand radially when tether 1607 is withdrawn relative 1o the flexible sheath 1603, allowing
compressible ring 1611 1o expand and intestinal bypass sleeve 1605 to expand radially and 1o
longitudinally extend along and over guidewire 1601, The flexibie sheath and introducer t may
be withdrawn over plunger 1606 to fully release intragastiric anchor implant 1600, leaving the

guidewire temporarily in place while intestinal peristalsis appiies distal axial tension to the

&

bypass sleeve and extends it to its full length. The presence of the guidewire during bypass

steeve deployment may be advantageous in preventing kKinking and longitudinal folding.

{3111} Fipgures 17A and 178 depict a preferred embodiment of an intragastric anchor implant

1700 with a rod 1702 separating a proximal atraumatic tip 1703 and a distal atraumatic tip 1707

which is configured to substantially @il the duadenal bulb. The distal atraumatic tip 1707 may

I

include on a proximal section a sliding seal 1704 configured to directly suppost the proximal
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opening of an intestinal bypase sleeve 1701 in close proximity to the pyloric valve. The shding
seal in this embodiment may include an expandable sleeve support 1703 configured to expand
radially and slidably couple the proximal sleeve opening against an anatomnical lumen wall,
creating a substantially continuous circumferential seal that causes most nutrients and food
particies exiting the stomach 1o proceed down the lumen of the intestinal bypass sleeve 1701,
The expandable sleave support 1705 may include a sinusoid, zig-zag, diamond, multi-link, a
plurality of tlexible arms, or any suitabie expandable ring configuration. The distal atraumatic
tip 1707 may also include space-filling struts 1708 configured to support sleeve 1701 and
maintain g patent path for nutrients and food particles through the sleeve as they negotiate the
first turn of the dugdenum 1710, Sleeve 1701 may include a section of enlarged diameter 1711
immediately distal to sliding seal 1704, This enlarged section may enable sieeve 1701 to
accommodate a tight turn such as the first bend of the duodenum 1710 while maintaining a

patent path for chyme through the distal atraumatic tip 1707 without pinching or obstruction.

{6332] Figure 18A,18B, and 18C depict an embodiment of an intragastric anchor implant 1800
with connecting struts 1806 which angle distally at rod 1882 and curve proximally 1o reach the
edge of expandable sleeve support 1805, As shown in Figure 18A, this recurve strut
configuration enables sliding seal 1804 ta be positioned immediately adjacent to the pyloric

valve,

{6113] Az shown in Figure 188, distal atrawmatic tip 1807 may be compressed radially for
delivery by flexing connecting struts 1806 proximally. This compression configuration is
advantageous in that it produces an effectively flat surface at the proximal end of the atraumatic
tip which may be placed directly against the pyvloric valve, Additionally, pmximal tension on the
rod 1802 will tend to expand the distal airaumatic tip 1807, helping to seat it against the

duodenal fumer

{0114} As shown in Figure 18C, when the anchor implant 1800 is withdrawn the connecting
struts [ 806 may flex distally as they are pressed against the pyloric valve, presenting a tapered,
conical surface in aggregate which will tend to radially compress the distal arraumatic tip 1807

as the struts 1806 pass through the pyloric valve.

[$118] Figure 19 depicts a gastroduodenal anchor 1908 with a proximal atraumatic feature
1901 and a distal atraumatic feature 1902 and a sliding seal 1904 disposed therebetween

supporting an intestinal bypass sleeve 1903, As shown, the sliding seal 1904 may be configured
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as a radially expandable structure supporting the proximal end of the intestinal bypass sieeve
1903 to allow atraumatic movement within the gastrointestinal tract. Typically, the sliding seal
1904 is adapted 1o sit in or near the dundenal bulb. The elongate element extending between the
proximal and distal atraumatic features may be either rigid, flexible, or have portions of each; it
may be either straight, curved, include one or more bends, or have various other combinations of
geometries. For example, as shown in Figure 19, the elongate element may include two bends or
curved portions so as to conform to the shape approximate shape of the gastrointestinal tract and
improve anchoring and comfort for the patient. Although the proximal and distal atraumatic
features are shown as balbous features and the shding seal is shown as an expandable structure,
it is appreciated these features may include any of the atraumatic features and sliding seals

described herein

[#116] The anchor may be configured in various shapes as desired. For example, as shown
Figure 19, the gastroduodenal anchor 1900 may be configured in a C-shape that includes three

sections: a Section A that is substantially parallel with the lumen of the proximal duodenum and

]
H
i

antrum, a Section B that is substantiai‘y.paraﬁe! with the descending duodenum, and a Section
that is substantially parallel with the third part of the duodenum and extends into the fourth part
of the ducdenum. In some embodiments, the bypass sfeeve 1903 surrounds a portion of at least
one anchor section, other embodiments in which the sleeve lies slongside the anchor sections are
within the scope of this invention. At least one sliding seal 1904 may be configured to directly
support the proximal opening of intestinal bypass sleeve 1903 via an expandable slegve support
1905, The anchor 1900 supports sliding seal 1904 iargwiv within the duodenal bulb, however
other embodiments are possible in which the sliding seal is located in the antrum of the stomach,

or more distally in the ducdenum. A connecting structure 1906 may attach one anchor section to

an expandable sleeve support 1905,

3117} Figure 20 depicts a gastroducdenal anchor 2000 including a relatively flexible section
2001 that may deflect to conform to the approximate shape of the ducdenum and a relatively
rigid section 2002 that resists deformation. The duodenal anchor may extend from the pylorus to
the distal duodenum. Rigid section 2007 should be approximately 30 mm to 80 mm in length to
prevent passage through the tight turn and relatively fixed geometry of the duodenal-jejunal
juncture. Flexible section 2001 is configured to provide longitudinal support to intestinal bypass

steeve 2003 holding its proximal opening in the proximal duedenum or gastric antrui
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[61318] Figure 21 depicts an embodiment of an intragastric anchor implant 2100 with a rod
2102 separating a proximal atraumatic tip 2103 and a distal atraumatic tip 2107, The proximal
atraumatic tip 2103 may include an expandable 2104 structure which may increase its surface
area and serve to spread mechanical loads. The expandable structure may include supporting
struts 2105 which are biased distally such that the expandable structure may radially compress

it is withdrawn through narrow portions of the Gl tract. The proximal atraumatic tip may also
include a snaring feature 2108 which may casily be endoscopically snared such that tension may

be applied to the anchor implant 2100 such that it may be withdrawn from the Gl trac

[6119] In certain circumstances it may be advantageous to implant an intragastric anchor
without an intestinal bypass sleeve. Such an anchor may serve as a platform to support one or
more sensors such as a camera, pH sensor, pressure sensor, or any type of sensor which might be
advantageous to place within the Gl tract. In its simplest form, a platform anchor may consist of
a distal atraumatic tip and proximal atraumatic tip separated by a rod whereby either atraumatic
tip, the rod, or a combination thereof may contain sensors, power supplies, or control electronics.
In a more preferable embodiment, as shown in Figure 224, the platform anchor implant 2200
may be frangibie into two or more segments after a desired period of time, de~anchoring the
anchor implant such that relatively small segments of the anchor that may pass naturally out of

the Gi tract.

{8120} Electrolvtic erosion may be employed to selectively time the de-anchoring of an anchor
implant. As shown in Figure 224, at least one segment 2203 may include a local power source
2201 which may be a cherical battery such as a button battery, or which may be an inductive
coil 2209 configured to be energized by an inductively-coupled external transmitter (as shown
schernatically in Figure 22B). The local power source 2201 may provide electrical power to at
least one sensor 2208 and may also provide power for de-anchoring through electrolytic erosion.
The time of de-anchoring may be determined by electronics 2201 which may include at feast one
on-board migroprocessor or de-anchoring may be initiated externally via induction whereby at
ieast one segment contains a coil or anterna capable of inductive coupling. Segment joints 2204
may be held together by a small-gauge insulated wire 2205 such as 0.005 inch diameter stainless
steel anchored to a segment at a distal portion of the wire. An uninsulated portion 2206 of
insulated wire 2205 at or near a joint may be exposed to G tract fluid such that an electrically
conductive path 2210 is formed between the uninsulated portion of the wire 2206 and a relatively

large electrode 2207 located on another part of the anchor implant. The joint may be separatec
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by electrolytic erosion of the uninsulated section of wire by applying a voltage of +2.5V with a
current of 5mA to it relative to the large electrode 2207 for several minutes. Multiple joints may

be separated approximately simultanecusly or sequentially.

{0121}  As depicted in Figure 22C, a frangible anchor implant may be sized to anchor a sensor
package across the pyloric valve. In such a configuration it may be advantageous to include
sensors such as a camera or a pH sensor at the proximal atraumatic tip 2211, or at the distal

atraumatic tip 2212,

{01221  As depicted in Figure 22D, a frangible anchor implant may be configured to pass out of
the stomach and geometrically anchor at the duodenal-jejunal juncture where the Ligament of
Treitz produces a sharp, relatively fixed turn in the small bowel, This position, distal to the
Ampulla of Vater, may be advantageous for sensor placement as the characieristics of pancreatic

and hile juices may be monitored.

{0123} Although the exemplary embodiments have been deseribed in some detail for clarity of
understanding and by way of example, a variety of additional moditications, adaptations and
changes may be clear to those of skill in the art. One of skill in the art will appreciate that the
various features described herein may be combined with one another or substituted with one

another. Hence, the scope of the present mvention is {imited solely by the appended claims.



Ly

~3 fo

DR

io

N2

(]

LN

N2

WO 2013/049167 PCT/US2012/057288

WHAT IS CLAIMED IS:

. A method for treating and/or diagnosing a patient, said method
comprising:

deploying an anchor within a gastrointestinal tract of the patient, the anchor
having a proximal atraumatic feature at the proximal end and a distal atraumatic feature at a
distal end with an elongate element extending therebetween;

inhibiting advancement of the anchor around a bend of the gastrointestinal tract
by engaging a proximal portion of the anchor against a tirst surface area of a mucosa of the
gastroinfestinal tract and by engaging a distal portion of the anchor against a second surface area
of a mucosa of the gastrointestinal tract distal of the first mucosal surface area, and by resisting
bending of the elongate element extending between the proximal and distal ends.

2. The method of claim 1, the method further comprising:

supporting an infestinal bypass sleeve of the implant with the anchor so that the
sleeve extends along an intestine of the patient, and so that a flow including ingested rnaiter
enters a lumen of the sieeve from a stomach of the patient, the flow being in contact with a wall

of the stomach of the patient,

3. The method of claim 2, the method fusther comprising:
directing the flow of ingested matter into the sleeve by radially supporting a
proximal opening of the sleeve and circumferentially engaging a wall of the sleeve against an

inner wall of the gastrointestinal tract with a first radially expandable structure of the anchor.

4, The method of claim 3, wherein the first radially expandable structure
comprises a slidable scal that is slidable within the gastrointestinal tract in or near a duodenal
bulb of the gastrointestinal tract.

5. The method of claim 4, wherein supporting the proximal opening of the
sleeve comprises expanding the first expandable structure within the gastrointestinal tract in or

near the duodenal bulb.

6. The method of claim 3, wherein the distal atraumatic feature comprises a

second radially expandable support structure.



(U8

I

b

Lo

bt

[F8]

a

-t

B2

(]

('S

)

[rs)

WO 2013/049167 PCT/US2012/057288

~

7. The method of ¢laim 3, wherein the distal atraumatic feature comprises the

first radially expandable support structure.

5. The method of claim 3, wherein directing a flow through the sleeve further
COMPrises:

urging the proximal opening of the sleeve toward a pyloric valve of the
gastrointestinal wact by supporting the proximal opening of the sleeve with a circumferential seal

biased in the proximal direction.

5. The method of claim 8, wherein urging the proximal opening of the sleeve
toward the pyloric valve comprises suppotting the proximal opening with a proximal portion of

the first expandable member while a distal portion of the expandabie member engages a distal

portion of the duodenal bulb.

18 The method of claim 5, wherein anchoring the sleeve further comprises
expanding a second radially expandable structure proximal of the first radially
expandable structure so as to engage a tissue proximal of a pyloric valve of the gastrointestinal

tract to inhibit distal movement of the anchor along the gastrointestinal tract of the patient.

11, The method of claim 3, wherein when the Dst expandable structuce is
expanded in a duodenal bulb of the gastrcintestinal tract, the second expandabie structure is
positioned adjacent the first expandable structure proximal of a pyloric valve of the

gastrointestinal tract.

12, The method of claim 3, wherein the first expandable support structure is

disposed on the elongate element of the anchor between proximal and distal ends.

13, The method of claim 12, wherein the elongate element includes a flexible

portion and/or a curved portion between proximal and distal ends.

14, The method of claim 1, wherein the anchor comprises one or more seasors
attached thereto, the method further comprising:

sensing a property of the gastrointestinal tract with the one or more sensors.

I3, The method of claim 14, wherein the anchor comprises two or more
separable segments, the method further comprising:
de-anchoring the anchor by separating the at least two separable segments thereby

allowing one or more of the separable segments to pass distally through the gastrointestinal tract.

3
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16, The method of claim 15, wherein de-anchoring further comprises
selectively timing the de-anchoring of the at least two separable segments through electrolytic

erosion.

{7.  Animplant for use in a gastrointestinal tract of a patient, said implant
comprising:

arr anchor having a proximal atraumatic feature at the proximal end, a distal
atraumatic feature at the distal end, and an elongate element extending therchetween;

wherein the proximal and distal atraumatic features are configured to inhibit
tissue trauma when urged against a surface area along a mucosa in the gastrointestinal fract of the
patient, and wherein flexibility of the elongate element is limited so as to resist bending between
the proximal and distal ends so as to inhibit advancement of the anchor around a bend of the

gastrointestinal fract.

18, The implant of claim 17, wherein the anchor comprises a first radially
expandable structure dimensioned 8o as 1o sit in the gastrointestinal tract in or near a duodenal

bulb of the gastrointestinal tract when expanded therein.

19, The implant of ¢laim 17, wherein the first radially expandable structure is
dimensioned to substantially fill a duodenal bulb of the gastrointestinal tract when expanded

therein.

20, The implant of claim 18, further comprising:
an intestinal bypass sleeve coupled to the first expandable structure so as to
extend at least partially through the gastrointestinal tract, the intestinal bypass sleeve having a

fumnen therethrough extending from a proximal opening to a distal opening.

A The implant of claim 18, wherein the first radially expandable structure is

disposed on the elongate element between the proximal and distal atraumatic features.

22, The implant of claim 21, wherein the distal atraumatic features comprises
a second radiatly expandable structure.

23, The implant of claim 18, whercin the distal atraumatic features comprises

the first radially expandable structure.
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24, The implant of claim 20, wherein the elongate element is substantially
rigid and comprises one or more bends 5o as to further anchor and conform to a shape of the

gastrointestinal tract.

25, The implani of claim 18, wherein the elongate element comprises at least

two bends so as to conform to a shape of the gastrointestinal iract.

26.  The implant of claim 20, wherein the first radially expandable structure
comprises a circumferential seal supporting a proximal opening of an intestinal bypass sleeve 80
as to allow a flow of ingested materials from a stomach of the patient to pass therethrough.

H

27, The implant of claim 26, wherein the circumferential seal is disposed on a
proximal portion of the fivst radially expandable structure 5o as to position the proximal opening
of the sleeve nearest a pyloric valve when the first expandable structure is expanded within the

duodenal bulb.

28.  The implant of claim 27, wherein the first expandable structure comprises
space-filling struts extending along a distal portion of the first expandable structure 50 as to
position the circumferential seal nearest the pyloric valve when expanded within the ducdenal

bulb.

~ry

24, The implant of claim 27, wherein the circumferential seal comprising a

sinusoidal member of the expandable structure.

30 The implant of claim 27, wherein the circumferential seal comprises any
of a ziz-zag member, a diamond shaped member, a muliti-link structure, a plurality of flexible
arms, or an expandable ring configuration suitable for supporting the proximal opening of the

sleeve.

3L The implant of claim 26, wherein the circumferential seal comprises a
sliding seal that circumferentially engages an outer wall of the sleeve against an inner wall of the
duodenal bulb 50 2s to maintain the seal while aliowing slight mevement of the first expandable

structure along the gastrointestinal tract.

32, The implant of claim 26, wherein the first expandable structure comprises
a proximal portion and a distal portion, wherein the proximal portion comprises the
circumferential nearest a pyloric valve of the gastrointestinal tract when the first expandable

structure is expanded within the duodenal bulb.

(o8]
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33, The implant of claim 26, wherein the circumferential seal is configured so
as to urge the circumfarential seal in the proximal direction when the first expandable structure is

under radial compression.

34, The implant of claim 33, wherein the circuraferential seal is supported

with curved struts.

35, The implant of claim 34, wherein the curved struts are curved such than an
apex of curvature points in a proximal divection such that radial compression of the expandable
structure urges the circuroterential seal in the proximal direction.

ol

36.  The implant of claim 26, wherein the distal atraumatic features comprises
the first expandable structure and the implant further comprises:

a second expandable structure adjacent to and proximal of the first expandable
structure.

37 The implant of claim 36, wherein the first and second expandable structure
are axially spaced apart by a distance sufficiently large epough to accommodate a pyloric valve
of the gastrointestinal tract and sufficiently small ennugh that the second expandable structurce
engages a tissue adjacent the pyloric valve so as to inhibit distal movement of the implant while

the expanded first expandable structure is disposed within the duodenal bulb

38. The implant of claim 18, wherein the implant further comprises:
an intestinal bypass sleeve coupled to the anchor so as to extond at least partially
through the gastrointestinal tract, the intestinal bypass sieeve having a lumen extending

therethrough from a proximal opening to a distal opening.

39, The implant of claim 38, wherein the sleeve comprises a material
substantially impenetrable to a flow including ingested matter when passed through the fumen,
the flow of matter being in contact with a wall of a stomach of the patient.

44, The implant of claim 17, wherein the elongate element comprises a
flexible portion so as to allow the anchor to accommodate a curvature of the gasirointestinal
tract.

41, The implant of claim 17, wherein the elongate element comprises at least
three elongate members attached in series, wherein the at least three elongate members includes

a first elongate member corresponding to an antrum and proximal duodenum of the

44
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gastrointestinal tract, a second elongate merber attached thereto and corresponding to z
descending portion of the duodenum and a third elongate member attached thereto and

corresponding to a third portion of the duodenum.

42, The implant of claim 17, further comprising:

a first expandable structure disposed on the anchor between the proximal end and
the distal end, wherein the proximal end of the anchor is disposed within a stomach of the patient
and the distal end of the anchor extends into the gastrointestinal tract when the first expandable

structure is expanded in the duocdenal bulb.

43, The implant of claim 17, further comprising:
an intestinal bypass sleeve coupled to the first expandable anchor, wherein the
steeve extends at least partially through the gastrointestinal tract, the intestinal bypass sleeve

having a lumen extending therethrough from a prosimal opening 1 a distal opening.

44, The implant of claim 17, further comprising:
gne o more sensors attached o the anchor, the one or more sensors configured to

sense a property of the gastrointestinal tract when disposed therein.

45, The implant of clatm 44, wherein the anchor comprises two or more

separable segments, at least one of the separable segments sized so as to be passed through the

[N

sastrointestinal tract of the patient and wherein the two or more separable segments are couple
g g

o as to be selectively de-coupled from outside a body of the patient.

44
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