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ANCHORING AND DELIVERY SYSTEM
FOR A GASTRO-DUODENAL IMPLANT

Technical Field
The present disclosure relates to bariatric surgery. In particular the present disclosure
relates to implantable medical devices for use in bariatric surgery and methods of using

the same.

Background

Obesity is increasing throughout the world at an alarming rate. The World Health
Organization (WHO) has projected that in the near future there may be more than two
billion overweight adults and more than 700 million obese adults globally. Overweight
individuals, especially those who are obese, may experience serious health
consequences resulting from the additional weight they carry, such as, cardiovascular
disease (e.g., heart disease and stroke), diabetes, musculoskeletal disorders (e.g.,

osteoarthritis), and some types of cancers (e.g., colon and endometrial).

For those individuals incapable of losing weight using diet and/or exercise, medical
devices, methods, and techniques have been attempted for management and treatment
of obesity and obesity related conditions. For example, certain types of devices, such as
gastric bands and surgical staples, can be used to reduce the size of the stomach, while
devices such as implantable gastric stimulants send electrical pulses to the stomach to
simulate fullness. Other devices have been developed for implantation within the
gastrointestinal tract for modifying absorption of food material by the gastrointestinal
walls. For example, endoluminal sleeves block absorption in the duodenum and upper
jejunum. Such devices generally include an anchor structure for securing the device
within the gastrointestinal tract, and a chute or tube extending away from the anchor
structure along portions of the gastrointestinal tract. Food material that is traveling

through the chute is at least substantially prevented from coming into direct physical
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contact with the gastrointestinal walls, thereby facilitating a reduction in absorption of

the food by the gastrointestinal walls.

An example of a device that is implantable within the gastrointestinal tract for inhibiting
the absorption of food material through the gastrointestinal walls is described in United
States Published Patent Application Number 2009/0248171. The gastrointestinal
implant device of US 2009/0248171 utilizes a stent-type anchor for securing the device
within the gastrointestinal tract relative to the pylorus, and a flexible sleeve that
extends from the anchor into the duodenum, which limits the absorption of nutrients by
the gastrointestinal walls. However, the anchor of US 2009/0248171 relies upon a set of
barbs adapted for penetration into or through gastrointestinal tissue in order to retain
the anchor in position. The penetration of an external barb into a gastrointestinal wall
can cause irritation or give rise to tissue damage that may result in internal bleeding or

infection.

A gastrointestinal implant device having atraumatic surfaces is disclosed in United States
Patent No. 5,820,584, which describes a duodenal insert with an elongated tube for
reducing intermixing of digestive fluids with partially digested food materials. The
duodenal insert of US 5,820,584 is anchored within the pylorus by a pair of rings or cuffs
disposed relative to each other in a trans-pyloric manner. While the duodenal insert of
US 5,820,584 may have atraumatic surfaces, it can be considered to include various
structural, functional, and/or operational limitations, which can hinder the insertion,

deployment, reliable retention, and/or removal of the duodenal insert.

A need exists for more effective, more reliable, substantially atraumatic gastrointestinal

implant devices, methods, and techniques.
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Summary

In accordance with an aspect of the present disclosure, a gastro-duodenal implant
includes a first retention structure configured for occupying a portion of the stomach; a
second retention structure configured for positioning essentially adjacent to the pyloric
sphincter on the duodenal side of the pyloric opening; and a set of resilient coupling
members (e.g., at least one resilient coupling member, or a plurality of resilient coupling
members) configured for resiliently coupling the first retention structure and the second
retention structure, wherein the set of resilient coupling members facilitates resilient

biasing of the first retention structure away from the second retention structure.

The set of resilient coupling structures includes a spring configured for displacing
portions of the first retention structure relative to the second retention structure, and
the set of resilient coupling structures facilitates maintaining the first retention
structure generally at a default separation distance from the second retention structure.
More particularly, the set of resilient coupling members facilitates mechanical
absorption and redistribution of gastrointestinal forces to actively bias the first

retention structure away from the second retention structure.

The first retention structure has a spatial extent that significantly exceeds an expected
cross sectional area of the pyloric opening, as well as an expected cross-sectional area of
the antrum cardiacum. In an embodiment, the first retention structure includes at least
two frame members (e.g., linear and/or arcutate frame members) joined together by
spring elements to form a default spatial configuration. The first retention structure can
include a tiered structure. The first retention structure can include an enclosure having
one of a generally ellipsoidal and a generally toroidal shape. For instance, the first
retention structure further can include at least two frame members disposed within the

enclosure and joined together by spring elements.



10

15

20

25

In an embodiment, the first retention structure includes a deformable scaffold assembly
having a plurality of elements (e.g., hollow or solid elements), the plurality of elements
including one of generally ellipsoidal elements and generally toroidal elements.
Elements within the plurality of elements of the deformable scaffold structure can be
coupled in a side-by-side manner by at least one of non-resilient segments and resilient
segments which predictably restrict relative motion between the elements of the

deformable scaffold structure.

The deformable scaffold assembly is coupled to the second retention structure by a
plurality of coupling members within the set of coupling members. In an embodiment,
each element of the deformable scaffold assembly is individually coupled to the second

retention structure by a coupling member within the set of coupling members.

With respect to the second retention structure, the second retention structure includes
a first ring having a cross-sectional area smaller than the cross-sectional area of the
default spatial configuration of the first retention structure and larger than the expected
cross-sectional area of a relaxed pyloric opening. The second retention structure can
also include a second ring coupled to the first ring by way of a flexible sleeve. In an
embodiment, at least one of the first ring and the second ring includes an inflatable cuff.
In an embodiment, the second retention structure includes one of a tubular member
(e.g., a generally rigid tubular member) and a stent (e.g., a stent scaffold or mesh, such

as a metallic scaffold or mesh).

The gastro-duodenal implant can further include at least one chute coupled to the
second retention structure and configured for selective fluid communication through

the duodenum.

In accordance with another aspect of the present disclosure, a gastro-duodenal implant

includes a compressible fluidly distortable first retention structure configured to reside
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in the stomach; and a second retention structure coupled to the first retention
structure, the second retention structure configured for positioning essentially adjacent
to the pyloric sphincter on the duodenal side of the pyloric opening. The first retention
structure has elasticity sufficient to adaptively deform in response to forces exerted by
stomach smooth musculature thereupon, and to resiliently return toward a default
spatial configuration. For instance, the first retention structure has a shape that distorts
in response to peristaltic forces. Portions of the first retention structure can be
compressed and other portions of the first retention structure can expand as a result of

fluid displacement within the first retention structure.

The first retention structure can include a set of internal valves to facilitate fluid
displacement in response to pressure exerted by stomach musculature upon the first
retention structure. Additionally or alternatively, the first retention structure includes a
set of radial expansion control elements that extend between interior borders the first
retention structure. The set of radial expansion control elements can include internal

connectors that are one of rigid and semi-rigid spring-like.

The first retention structure can include a plurality of fluid-filed members coupled
together to form a tiered structure. Compression of a fluid filled member corresponding
to a given tier of the first retention structure results in fluid transfer to and expansion of
portions of one or more other fluid filled members corresponding to one or more other

tiers of the first retention structure.

In other aspects, the present disclosure provides a method of reducing caloric intake
and absorption including: inserting a gastro-duodenal implant such that a first retention
structure is resident in the stomach and a second retention structure is resident on a

duodenal side of the pyloric opening.
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Brief Description of the Drawings
FIG. 1A and FIG. 1B are schematic illustrations depicting aspects of stomach related

anatomy and anatomical terminology associated therewith;

FIG. 2A and FIG. 2B are schematic illustrations of a gastro-duodenal implant according to

an embodiment of the disclosure;

FIG. 2C is a schematic illustration of a first retention structure according to an
embodiment of the disclosure, and FIG. 2D is an image of a corresponding prototype

first retention structure;

FIG. 2E is a schematic of a prototype tiered first retention structure based upon the

prototype first retention structure shown in FIG. 2D;

FIG. 2F and FIG. 2G are schematic illustrations of representative types of second

retention structures according to embodiments of the disclosure;

FIG. 2H is a schematic illustration of a gastro-duodenal implant according to another

embodiment of the disclosure and deployed within a subject;

FIG. 2l is a schematic illustration showing a set of band ligature elements that can form

portions of a gastro-duodenal implant according to an embodiment of the disclosure;

FIG. 3A is a schematic planar view of a first retention structure disposed within a
generally ellipsoidal enclosure, casing, or shell according to an embodiment of the

disclosure;
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FIG. 3B is a schematic illustration of portions of a representative gastro-duodenal
implant deployed within a subject and having a first retention structure disposed within

the generally ellipsoidal enclosure of FIG. 3A;

FIG. 3C is a schematic planar view of a first retention structure disposed within a
generally toroidal enclosure, casing, or shell according to an embodiment of the

disclosure;

FIG. 4A is a schematic illustration of a gastro-duodenal implant according to another

embodiment of the disclosure;

FIG. 4B is a schematic illustration of a gastro-duodenal implant according to a further

embodiment of the disclosure;

FIG. 5A is a schematic illustration of a gastro-duodenal implant according to another

embodiment of the disclosure and deployed within a subject;

FIG. 5B is a schematic top planar view of a fluidly distortable or deformable first

retention structure of the gastro-duodenal implant of FIG. 5A;

FIG. 5C is a schematic illustration showing portions of the gastro-duodenal implant of

FIG. 5A under a relaxed antrum condition;

FIG. 5D is a schematic illustration showing portions of the gastro-duodenal implant of

FIG. 5A under a contracted antrum condition;

FIG. 5E is a schematic illustration showing an internal expansion regulator or connector
within the fluidly distortable first retention structure of FIG. 5A under a relaxed antrum

condition;
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FIG. 5F is a schematic illustration showing internal expansion regulators or connectors
within the fluidly distortable first retention structure of FIG. 5A under a contracted

antrum condition;

FIG. 6A and FIG. 6B are schematic illustrations showing portions of gastro-duodenal
implant according to further embodiments of the disclosure, which include a plurality of
fluid filled members that are fluidly coupled together, and which form a tiered type of

fluidly deformable first retention structure;

FIG. 7A is a schematic illustration of an implantation and deployment capsule configured
for carrying a gastro-duodenal implant in a concentric manner around a portion of an

endoscope according to an embodiment of the disclosure;

FIG. 7B is a schematic illustration of an implantation and deployment capsule configured
for carrying a gastro-duodenal implant in an offset manner relative to an endoscope

according to an embodiment of the disclosure;

FIG. 7C is a schematic illustration of an implantation and deployment capsule in an “in-

line” configuration with respect to an endoscope;

FIG. 7D is a schematic illustration of an implantation and deployment capsule in an

“offset” configuration with respect to an endoscope;

FIG. 8 is a schematic illustration showing a first retention structure disposed within a
portion of an implantation and deployment capsule according to an embodiment of the

disclosure; and
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FIG. 9 is a schematic illustration of an implantation and deployment capsule that
includes a serpentine portion surrounding a segment of an endoscope according to an

embodiment of the disclosure.

Detailed Description

In the present disclosure, depiction of a given element or consideration or use of a
particular element number in a particular FIG. or a reference thereto in corresponding
descriptive material can encompass the same, an equivalent, or an analogous element
or element number identified in another FIG. or descriptive material associated
therewith. Additionally, reference is made to the accompanying drawings, which form a
part hereof. In the drawings, similar symbols typically identify similar components,
unless context dictates otherwise. The illustrative embodiments described in the
detailed description, drawings, and claims are not meant to be limiting. Other
embodiments may be utilized, and other changes may be made, without departing from

the spirit or scope of the subject matter presented herein.

As used herein, the term “set” corresponds to or is defined as a non-empty finite
organization of elements that mathematically exhibits a cardinality of at least 1 (i.e., a
set as defined herein can correspond to a singlet or single element set, or a multiple
element set), in accordance with known mathematical definitions (for instance, in a
manner corresponding to that described in An Introduction to Mathematical Reasoning:
Numbers, Sets, and Functions, “Chapter 11: Properties of Finite Sets” (e.g., as indicated
on p. 140), by Peter J. Eccles, Cambridge University Press (1998)). In general, an
element of a set can include or be a system, an apparatus, a device, a structure, a
structural feature, an object, a process, a physical parameter, or a value depending

upon the type of set under consideration.
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FIG. 1A and FIG. 1B are schematic illustrations showing particular aspects of stomach
related anatomy and corresponding anatomical terminology referenced in the

description below.

Particular aspects of the present disclosure relate to a substantially atraumatic gastro-
duodenal implant that can be reliably maintained at intended positions along portions
of the gastrointestinal tract by way of a (1) first retention structure that includes
structural elements residing within portions of the stomach at a significant distance
away from an antral, superior, or proximal side of the pyloric opening, and having a
spatial extent that minimizes a likelihood of accommodation by the pyloric sphincter; (2)
a second retention structure disposed on a duodenal, inferior, or distal side of the first
retention structure, across the pyloric opening; and (3) a number of resiliently
deformable (flexible) elements or structural segments that facilitate mechanical
absorption of gastrointestinal forces, displacement of certain portions of the first
retention structure relative to other portions of the first retention structure,
displacement of portions of the first retention structure relative to the second retention
structure, and/or resilient biasing of the first retention structure away from the pyloric

opening.

Gastro-duodenal implants in accordance with aspects of the present disclosure can
further include a chute extending away from the second retention structure into a

portion of the duodenum or beyond for modifying intestinal absorption of substances.

Embodiments of the present disclosure are directed to a substantially or essentially
atraumatic gastro-duodenal implant that can be reliably retained, maintained, or
anchored along or at intended portions of the gastrointestinal tract relative to the
pyloric opening and/or the pyloric sphincter. Various embodiments of a gastro-

duodenal implant in accordance with the present disclosure include the following:
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(1) a stomach resident first retention structure that has a set of structural features,
segments, or elements configured to reside a significant distance away from an
antral, superior, or proximal side of the pyloroduodenal or pyloric opening, and
which has a spatial extent or cross sectional area that significantly exceeds a
maximum or expected maximum cross sectional area of each of the pyloric opening
and the antrum cardiacum in order to reduce or minimize the likelihood that
substantial or significant portions of first retention structure can be accommodated

by the pyloric sphincter or the esophagus, respectively;

(2) a second retention structure that includes one or more elements configured to
reside on a duodenal, inferior, or distal side of the pyloric opening, which has a
spatial extent or cross sectional area that is significantly smaller than the cross
sectional area of the first retention structure yet larger than the cross sectional area
of the relaxed pyloric opening, and which can be accommodated by a portion of the
gastrointestinal tract along the duodenal side of the pyloric opening without tissue

damage;

(3) a number of resilient, deformable, or elastic elements or structural segments
configured to maintain the first retention structure away from the second retention
structure at a default or average separation distance in the absence or substantial
absence of gastrointestinal forces (e.g., compressive and/or displacement forces
resulting from smooth muscle contractions, such as associated with peristalsis)
exerted upon the gastro-duodenal implant, and further configured to resiliently
respond or adapt to forces exerted upon the gastro-duodenal implant in a manner
that facilitates displacement of portions of the first retention structure relative to

the second retention structure; and in several embodiments,
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(4) a flexible sleeve, tube, or chute extending away from the second retention
structure into a portion of the duodenum for modifying, limiting, and/or preventing

intestinal absorption of substances such as chyme or ingested food matter.

A set of resilient or elastically deformable elements or structural segments, in
accordance with the present disclosure, can include a number of spring type or spring
based elements or structural segments, and/or a number of fluidly deformable (e.g.,
having selectively expandable or inflatable and contractable or deflatable segments or
sections) elements or structural segments. As further detailed below, particular resilient
or elastically deformable elements or structural segments can be carried by or between
portions of coupling members that extend between the first and second retention
structures, and certain resilient or elastically deformable elements or structural

segments can be carried by or between portions of the first retention structure itself.

Resilient or elastically deformable elements, in accordance with embodiments of the
present disclosure, are configured to respond to gastrointestinal forces by at least
partially absorbing and (re)distributing gastrointestinal forces, facilitating or enabling
displacement or translation of certain portions of the first retention structure relative to
other portions of the first retention structure, and/or facilitating or enabling
displacement or translation of portions of the first retention structure relative to (e.g.,
towards and/or away from) the second retention structure. As gastrointestinal forces
decrease or become minimal or substantially absent, the resilient or elastically
deformable elements position or maintain the first retention structure toward or at the
default separation distance from the second retention structure, such that the first
retention structure is displaced toward or generally maintained or disposed at a default
or resting region or position within the stomach away from the antral side of the pyloric

opening.
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A default separation distance between the first retention structure and the second
retention structure can be approximately 3.5 — 18.5 cm (e.g., about 5.0 — 15.0 cm, or
about 10.0 — 15.0 cm), depending upon embodiment details and/or the direction and
magnitude of gastrointestinal forces under consideration. Correspondingly, the first
retention structure’s default or resting position within the stomach can be
approximately 2.5 — 17.5 cm (e.g., about 4.0 — 14.0 cm, or about 9.0 — 14.0 cm) away

from the antral side of the pyloric opening.

As indicated above, the first retention structure has a spatial extent or cross sectional
area that is significantly greater than the spatial extent or cross sectional area of the
second retention structure in order to facilitate reliable gastro-duodenal implant
retention within a subject. Additionally, the first retention structure can have a spatial
extent or cross sectional area that is intended to increase or maximize the likelihood
that peripheral portions of the first retention structure come into contact with the
stomach lining on a regular or generally continuous basis, or following a subject’s
ingestion of food and/or during food churning motions provided by the stomach’s
smooth musculature. As a result, the first retention structure can contribute to or
provide a satiety effect (e.g., as a result of portions of the first retention structure
contacting visceral sensory nerves in the stomach lining, which generate afferent satiety
signals that mediate the subject’s perception of having a full stomach) on a sustained
basis, or following the intake of a small, reasonably small, or relatively limited quantity
or volume of food. A gastro-duodenal implant according to an embodiment of the
disclosure can therefore simultaneously serve as a satiety inducement, triggering,
prolongation, or maintenance device, as well as an intestinal absorption modification
device. That is, a gastro-duodenal implant according to an embodiment of the
disclosure can simultaneously provide dual-mode therapeutic functionality

corresponding to satiety enhancement and intestinal absorption modification.
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Embodiments of the present disclosure can be categorized as atraumatic or essentially
atraumatic in that they are intended to avoid gastrointestinal tissue penetration, for
instance, by way of structural elements or features that are formed using soft, smooth,
flexible, atraumatic materials such as particular types of polymer compositions indicated
below. Various embodiments of the present disclosure exclude structural features or
elements that are intended to penetrate into or through the gastrointestinal lining, such
as barbs, or tethering elements that are configured to structurally retain particular
portions of a gastro-duodenal implant in a given position or orientation by way of a
tether that extends through the gastrointestinal lining to an anatomical structure
external to the gastrointestinal lining (e.g., an outer portion of the stomach, or a visceral

structure).

Embodiments of the present disclosure can form portions of a gastro-duodenal
anchoring system that can dynamically and reliably maintain an intestinal absorption
modification sleeve or chute in an intended or desired position in the presence of
contractive gastrointestinal forces such as peristalsis, and which can provide or enhance
a satiety effect. A gastro-duodenal anchoring system in accordance with an
embodiment of the disclosure can be used to treat aspects of obesity, eating disorders,
diabetes, or other conditions. Particular embodiments of the present disclosure are
additionally directed to aspects of a delivery system configured for implantation of the
gastro-duodenal anchoring system within appropriate portions of the gastrointestinal

tract of a subject (e.g., a human or other mammal).

FIG. 2A and FIG. 2B are schematic illustration of a gastro-duodenal implant 10 according
to an embodiment of the disclosure. In an embodiment, the gastro-duodenal implant
10 includes a first retention structure 100 configured for occupying a portion of the
stomach’s volume; a second retention structure 200 configured for positioning adjacent
or essentially adjacent to the pyloric sphincter on the duodenal side of the pyloric

opening; and a set of coupling members 300 configured for resiliently or elastically
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coupling the first retention structure 100 and the second retention structure 200, and
maintaining the first retention structure 100 at or generally at or returning the first
retention structure 100 to or generally to a predetermined default or resting position
away from the second retention structure 200 (e.g., in the absence or substantial

absence of gastrointestinal forces exerted upon the gastro-duodenal implant 10).

This gastro-duodenal implant 10 embodiment further includes a chute 400 configured
for positioning along portions of the intestine (e.g., the duodenum), which can modify,
limit, and/or prevent the intestinal absorption of substances. In some embodiments,
the chute 400 carries or includes one or more channels or passages 410 configured for
selective fluid communication (e.g., air and/or liquid transfer) with portions of the
second retention structure 200, and which facilitate deployment or extension of the

chute 400 along portions of the intestinal tract.

The first retention structure 100 includes a plurality of frame members 110 that are
resiliently coupled by way of spring elements or springs 120. The springs 120 dispose
the frame members 110 in a default spatial configuration in the absence of forces
applied to or exerted upon the first retention structure 100. Depending upon
embodiment details and/or the nature of the first retention structure’s default spatial
configuration, the frame members 100 can be separated or spaced apart from each
other by approximately 5.0 — 10.0 cm (e.g., about 7.0 — 8.0 cm). In an embodiment in
which the first retention structure 100 exhibits a generally square default spatial
configuration, a frame member separation distance of approximately 7.0 — 8.0 cm can
facilitate reliable retention of the gastro-duodenal implant within the subject as well as

inducement, enhancement, prolongation, or maintenance of subject satiety.

Each spring 120 can include a first terminal that is coupled to a first portion, segment, or
end of a given frame member 110, and a second terminal that is coupled to a second

portion, segment, or end of another frame member 110. In various embodiments, the
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springs 120 are bonded and/or welded (e.g., laser or ultrasonically welded) to the frame
members 110. The springs 120 can include linear or essentially linear springs, such as
helical-type and/or flat springs. In multiple embodiments, the frame members 110 can
have an outer diameter of approximately 0.5 — 1.0 cm; the springs 120 can have an
outer diameter of approximately 0.5 — 1.0 cm; and the springs 120 can include polymer
and/or metal materials that can have a spring constant between approximately 10 — 75

N/m (e.g., approximately 20 — 60 N/m, or about 50 N/m).

The springs 120 facilitate or enable a certain amount of movement or displacement of
frame members 110 relative to each other in response to forces exerted upon the first
retention structure 100. Additionally, the springs 120 resiliently urge or bias the frame
members 110 toward or to the first retention structure’s default spatial configuration
when such forces decrease or are absent or substantially absent. As a result, the shape
of the first retention structure 100 can resiliently distort or deform in response to forces
exerted by the stomach’s smooth musculature (e.g., stomach contraction forces) upon

portions of the first retention structure 100.

In various embodiments, the second retention structure 200 includes a first ring or
opening 210 that is intended to reside closest to the pyloric opening; a second ring or
opening 220 that is intended to reside distal to the pyloric opening relative to the first
opening 210; and a body segment, section, or structure 230 that extends between the
first and second openings 210, 220. The chute 400 can extend from the first opening
210 to and past the second opening 220 into portions of the intestinal tract. The second
retention structure 200 can exhibit multiple types of structural configurations

depending upon embodiment details, as further described below.

The coupling members 300 can include a number of linkage elements 310, 312 that are
themselves coupled by way of spring elements or coupling member springs 320. For

instance, a given coupling member 300 can include a first linkage element 310 that is
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coupled to a spring 120 of the first retention structure 100, and which is further coupled
to a coupling member spring 320 carried by the coupling member 300. This coupling
member 300 additionally includes a second linkage element 312 that is coupled to the
coupling member spring 320, and which is further coupled to one or more portions of
the second retention structure 200. In various embodiments, the aforementioned
couplings between the first retention structure 100 and the first linkage element 310;
the first linkage element 310 and the coupling member spring 320; the coupling
member spring 320 and the second linkage element 312; and the second linkage
element 312 and the second retention structure 200 can be made by way of bonds or

welds (e.g., laser or ultrasonic welds).

The linkage elements 310, 312 and/or springs 320 can be of desired or different lengths
in order to accommodate expected stomach curvature and facilitate positioning of the
first retention structure 100 at a default position or region within the stomach.
Furthermore, the linkage elements 310, 312 can be semi-rigid or at least slightly /
somewhat resilient (e.g., a linkage element 310, 312 can include a flat spring). The
coupling member springs 320, possibly in association with the linkage elements 310,
312, resiliently absorb longitudinal or lengthwise (e.g., with reference to a direction of
food transit from the stomach to the intestines) forces (such as peristaltic or emetic
forces) exerted by stomach smooth musculature which alter the separation distance
between the first and second retention structures 100, 200. As such forces subside, the
coupling member’s springs 320 in association with the linkage elements 310, 312
resiliently reestablish the default separation distance between the first and second
retention structures 100, 200, thereby returning the first retention structure 100 toward

or to its default position within the stomach.

In multiple embodiments, one or more coupling members 300 has an overall length of
approximately 5.0 — 17.0 cm (e.g., about 10.0 — 15.0 cm), and a maximum or average

thickness or diameter of approximately 1.5 — 8.5 mm (e.g., about 2.5 — 7.5 mm, or about
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5.0 mm). In some embodiments, a linkage element 310, 312 have a length of
approximately 2.0 — 8.0 cm (e.g., about 4.0 — 6.0 cm, or about 5.0 cm); and a coupling
member spring 320 can have a length of approximately 4.0 — 12.0 cm (e.g., about 6.0 —
10.0 cm, or about 8.0 cm). The spring constant of a coupling member spring 320 can fall

within a range such as that provided above for the first retention structure 300.

While the embodiment of the first retention structure 100 shown in FIG. 2A includes
four frame members 110 coupled to four springs 120 in a manner that provides the first
retention structure 100 with a generally rectangular or square default spatial
configuration, other embodiments can include one or more frame members 110 with or
without the inclusion of springs 120 and/or exhibit a different type of default spatial
configuration. For instance, FIG. 2C is a schematic illustration of a first retention
structure 100 according to an embodiment of the disclosure, and FIG. 2D is an image of
a corresponding prototype first retention structure 100. As shown in FIGs. 2C and 2D,
this embodiment of the first retention structure 100 exhibits a generally or substantially
elliptical or circular shape, which is formed by arcuate frame members 110 that are

coupled by spring elements or springs 120.

In some embodiments, the first retention structure 100 exhibits a tiered or multi-level
structure, which can provide the first retention structure 100 with the ability to
accommodate (e.g., resiliently absorb and redistribute) more intense forces (such as
peristaltic or emetic forces) exerted by the stomach’s smooth musculature upon the
first retention structure 100. FIG. 2E is a schematic of a prototype tiered first retention

structure 102 based upon the prototype first retention structure 100 shown in FIG. 2D.

As indicated above, embodiments of the gastro-duodenal implant can encompass
various types of second retention structures. FIGs. 2F and 2G are schematic illustrations
of representative types of second retention structures 200 according to embodiments of

the disclosure. An embodiment such as that shown in FIG. 2F includes a rigid or
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generally rigid tubular member. In a particular embodiment such as that shown in FIG.
2G, the second retention structure 200 includes a duodenal stent (e.g., a stent scaffold
or mesh, such as a tubular metallic scaffold or mesh). FIG. 2H is a schematic illustration
of a gastro-duodenal implant 10 according to another embodiment of the disclosure and
deployed within a subject, which includes a transpyloric second retention structure 200
having a duodenal side cuff 210 that is coupled to an antral side cuff 250 by way of a
flexible sleeve 260. The duodenal side cuff 210 and/or the antral side cuff 250 can be
fluid inflatable.

Certain embodiments of the present disclosure can additionally include one or more
other types of devices configured for facilitating or enabling reliable gastro-duodenal
implant anchoring or spatial positioning within a subject. For instance, FIG. 2l is a
schematic illustration showing a set of band ligator elements 500 for non-abrasively
anchoring or attaching the gastro-duodenal implant within the stomach and, which can
form portions of a gastro-duodenal implant according to an embodiment of the
disclosure. In such an embodiment, one or more band ligator elements 500 can be
coupled or attached to portions of the first and/or second retention structures 100, 200
via coupling members 330. In particular embodiments, couplings 330 between a given
band ligator element 500 and a portion of the first and/or second retention structures

100, 200 can include resilient or elastic elements such as springs.

Portions of a gastro-duodenal implant in accordance with the present disclosure, which
can come into contact with a subject’s gastrointestinal lining, include or are composed
of soft, pliable, materials that are expected to be atraumatic or essentially atraumatic
on a long term, lasting, or essentially permanent basis, such as hard or soft plastics,
polymers, or copolymers (e.g., one or more of PTFE, polycarbonate, polypropylene,
silicone, Chronoflex, and Chronosil). Portions of a gastro-duodenal implant such as
springs 120, 320 that can include metallic materials (e.g., stainless steel or Nitinol) can

be coated or encapsulated with such atraumatic materials.
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In addition to the foregoing, in certain embodiments, the first retention structure 100
can be carried within portions of an atraumatic structure in order to further enhance
the likelihood that a gastro-duodenal implant is atraumatic. For instance, FIG. 3A is a
schematic planar view of a first retention structure disposed within a generally
ellipsoidal enclosure, casing, or shell (e.g., a balloon type device) 180 according to an
embodiment of the disclosure, and FIG. 3B is a schematic illustration of portions of a
representative gastro-duodenal implant deployed within a subject and having a first
retention structure disposed within the generally ellipsoidal enclosure 180 of FIG. 3A.
As an alternative to the foregoing, an atraumatic structure configured to carry the first
retention structure 100 can have a generally toroidal shape. FIG. 3C is a schematic
planar view of a first retention structure disposed within a toroidal enclosure, casing, or

shell 180 according to an embodiment of the disclosure.

FIG. 4A is a schematic illustration of a gastro-duodenal implant 20 according to another
embodiment of the disclosure. In an embodiment, the gastro-duodenal implant 20
includes a first retention structure 102 having a plurality of closely spaced (e.g., nearly
touching or touching) generally ellipsoidal, spherical, and/or toroidal elements 112 that
are coupled to one another to form a flexible or deformable platform or scaffold
assembly. In multiple embodiments, the ellipsoidal elements 112 are coupled in a side-
by-side manner, such that the first retention structure 102 exhibits a generally toroidal
or ring shaped default spatial configuration. One or more ellipsoidal elements 112 can
be solid or hollow, and can have an outer dimension or diameter of approximately 1.0 —

2.0cm.

In response to forces exerted upon portions of the first retention structure 102 by
stomach smooth musculature, the couplings between ellipsoidal elements 112 facilitate
or enable a certain amount of motion or displacement of the ellipsoidal elements 112

relative to each other. The couplings between ellipsoidal elements 112 can include non-
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resilient segments or elements (e.g., fixed length linkages) and/or resilient segments or
elements (e.g., elastic or spring type segments or elements), which limit or predictably
restrict relative motion between the ellipsoidal elements 112. In several embodiments,
resilient couplings between the ellipsoidal elements 112 urge, bias, or return the
ellipsoidal elements 112 toward or to the default spatial configuration in the absence or

substantial absence of forces associated with smooth musculature contraction.

One or more coupling members 300 are interposed between portions of the first
retention structure 102 and the second retention structure 200 to facilitate or enable
biasing or maintenance of the platform assembly toward or at a default separation
distance from the first end 210 of the second retention structure 200 in the absence or
substantial absence of forces applied by stomach smooth musculature, and resilient
displacement of portions of the first retention structure 102 relative to the second

retention structure 200 in response to such forces.

FIG. 4B is a schematic illustration of a gastro-duodenal implant 30 according to a further
embodiment of the disclosure. In an embodiment, the gastro-duodenal implant 30
includes a first retention structure 104 having a plurality of generally ellipsoidal,
spherical, or toroidal elements 112 that are separated by at least a predetermined
minimum default distance, such as a predetermined fraction or percentage (e.g., 25% -
100%) of an ellipsoidal element’s outer diameter. The ellipsoidal elements 112 are
coupled by way of linkages that can include one or more flexible, elastic, or resilient
segments or elements (e.g., spring type elements), such that the gastro-duodenal
implant 30 can adaptively deform in response to forces exerted by stomach smooth
musculature thereupon, and exist in or resiliently return toward or to a default spatial
configuration and a default stomach position in a manner analogous to that described

above when such forces subside or are substantially absent.
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FIG. 5A is a schematic illustration of a gastro-duodenal implant 40 according to another
embodiment of the disclosure, deployed within a subject. In an embodiment, the
gastro-duodenal implant 40 includes a resiliently compressible / relaxable fluidly
distortable or deformable (e.g., expandable / collapsible) first retention structure 600
that is coupled to the second retention structure 200, and which extends away from the
second retention structure 200 into portions of the stomach (e.g., proximate to or
beyond the incisura angularis). FIG. 5B is a schematic top planar view of the fluidly
distortable first retention structure 600 of FIG. 5A, which in an embodiment can exhibit

a spiral configuration.

The fluidly distortable first retention structure 600 can include one or more segments or
sections containing air or a liquid and can exhibit viscoelastic properties, having
elasticity sufficient to adaptively deform in response to forces exerted by stomach
smooth musculature thereupon, and exist in or resiliently return toward or to a default
spatial configuration. The fluidly distortable first retention structure also has viscous
properties, specifically as peristaltic forces contract the upper part of the stomach and
food enters the stomach pressure exerted on the upper portion of the first retention
structure distorts the shape of the first retention structure, enlarging the lower portion
and minimizing the upper portion. The viscous nature of the first retention structure

resists change of shape and may thereby induce a feeling of fullness.

In the absence of forces exerted by stomach smooth musculature upon the fluidly
distortable first retention structure 600, the fluidly distortable first retention structure
600 maintains a default spatial configuration. In response to forces exerted by stomach
smooth musculature, one or more portions of the fluidly distortable first retention
structure 600 can be compressed, and other portions of the fluidly distortable first
retention structure 600 can expand as a result of fluid displacement within the fluidly

distortable first retention structure 600.



10

15

20

25

23

FIG. 5C is a schematic illustration showing portions of the gastro-duodenal implant 40 of
FIG. 5A under a relaxed antrum condition, and FIG. 5D is a schematic illustration
showing portions of the gastro-duodenal implant 40 of FIG. 5A under a contracted
antrum condition. Antral contraction causes compression of those portions of the
fluidly distortable first retention structure 600 that are directly exposed to such
contraction. This compression results in displacement of fluid within the fluid
distortable first retention structure 600 away from the antral region toward those
portions of the fluid distortable first retention structure 600 that reside within the
stomach superior to the antrum (e.g., toward or to the body of the stomach), and
expansion (e.g., radial expansion) of such portions of the fluidly distortable first
retention structure 600 superior to the antrum in a manner indicated in FIG. 5D.
Following cessation of the antral contraction, the shape of the fluid distortable first

retention structure 600 returns to a form indicated in FIG. 5C.

Particular portions of the fluidly distortable first retention structure 600 can include a
set of internal valves to facilitate fluid displacement in response to particular levels of
pressure exerted by stomach musculature upon the fluidly distortable first retention
structure. Additionally or alternatively, the fluid distortable first retention structure 600
can include a number of radial expansion control elements such as rigid connectors that
extend between the interior borders or walls of the fluid distortable first retention
structure 600. FIG. 5E is a schematic illustration showing an internal connector 610
within the fluidly distortable first retention structure of FIG. 5A under a relaxed antrum
condition. FIG. 5F is a schematic illustration showing internal connectors 612, 614
within the fluidly distortable first retention structure of FIG. 5A under a contracted
antrum condition. The internal connectors 612, 614 can be rigid to semi-rigid spring-like
and work to maintain the structure of the fluidly distortable first retention structure

600.



10

15

20

25

24

FIGs. 6A / 6B are schematic illustrations showing portions of a gastro-duodenal implant
according to further embodiments of the disclosure, which include a plurality of fluid
filled members 652, 654, 656 / 662, 664 that are fluidly coupled together in a manner
that forms a tiered type of fluidly deformable first retention structure 650 / 660.
Compression of a fluid filled member 652, 654, 656 / 662, 664 corresponding to a given
tier can result in fluid transfer to and expansion of portions of one or more other fluid
filled members 652, 654, 656 / 662, 664 corresponding to one or more other tiers. For
instance, compression of a fluid filled member 652, 662 closest to the antral portion of
the stomach can result in fluid transfer to and expansion of one or more filled members
654, 656, 664 that reside superior to the fluid filled under compression, in a manner

analogous to that described above in relation to FIGs. 5A — 5F.

In accordance with the present disclosure, the gastro-duodenal implant can be
implanted by inserting the gastro-duodenal implant such that a first retention structure
is resident in the stomach and a second retention structure is resident on a duodenal
side of the pyloric opening. In embodiments, the first retention structure and the
second retention structure can be connected by coupling elements as depicted in FIGs.
2A, B, H, I, 3B, 4A or 4B. In some embodiments, the first retention structure and the
second retention structure can be connected to each other directly as depicted in FIGs.
5A-F. The method of implanting the gastro-duodenal implant can include the use of a

device for implantation and deployment.

Various embodiments of gastro-duodenal implants in accordance with the present
disclosure are configured for implantation and deployment by way of a capsular
structure that can be coupled to an endoscope. FIG. 7A is a schematic illustration of an
implantation and deployment capsule 1000 configured for carrying a gastro-duodenal
implant in a concentric manner around a portion of an endoscope 1100 according to an
embodiment of the disclosure. FIG. 7B is a schematic illustration of an implantation and

deployment capsule 1000 configured for carrying a gastro-duodenal implant in an offset
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manner relative to an endoscope 1100 according to an embodiment of the disclosure.
FIG. 7C is a schematic illustration of an implantation and deployment capsule 1000 in an
“in-line” configuration with respect to an endoscope 1100. FIG. 7D is a schematic
illustration of an implantation and deployment capsule 1000 in an “offset” configuration

with respect to an endoscope 1100.

An entire gastro-duodenal implant in accordance with an embodiment of the present
disclosure can be carried within an implantation and deployment capsule 1000. FIG. 8 is
a schematic illustration showing a first retention structure 100 corresponding to FIG. 2A,
which exists in a compressed or minimal profile configuration while disposed within a
portion of an implantation and deployment capsule 1000 according to an embodiment
of the disclosure. The springs 120 of the first retention structure 100 facilitate the
displacement of the first retention structure’s frame members 110 relative to each
other such that the first retention structure 100 can be disposed within the capsule
1000 in the minimal profile configuration. Upon endoscopic deployment or release of
the first retention structure 100 from the capsule 1000, the first retention structure’s
springs 120 can urge the frame members 110 into the first retention structures default

spatial configuration.

FIG. 9 is a schematic illustration of an implantation and deployment capsule 1010 that
includes a serpentine portion surrounding a segment of an endoscope 1100 according to
an embodiment of the disclosure. Particular embodiments of a gastro-duodenal device
in accordance with the present disclosure can be entirely accommodated within such a

serpentine implantation and deployment capsule 1010.

EXAMPLE 1
An embodiment of a gastro-duodenal implant in accordance with the present disclosure
was implanted into a pig. The weight of the implanted pig was charted against that of a

control pig of the same gender and starting weight but without an implant. Over the
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course of 60 days, the weight of the implanted pig increased at a rate significantly less

than that of the control pig.

Comparison of animal weight with and without
GD implant

m Weight of typical animal without implant

& Weight of animal with implant

B 24,72.32
M 39,6967

M 23,61.19

M 16,57.48 @ 23,57

& 44,54
M 7,52.71 ® 1652
£ % 39,51
M o.49 & 7.13
(o] 5 10 15 20 25 30 35 40 45 50

Aspects of particular embodiments of the present disclosure address at least one
aspect, problem, limitation, and/or disadvantage associated with exiting gastro-
duodenal implants. While features, aspects, and/or advantages associated with certain
embodiments have been described in the disclosure, other embodiments may also
exhibit such features, aspects, and/or advantages, and not all embodiments need
necessarily exhibit such features, aspects, and/or advantages to fall within the scope of
the disclosure. It will be appreciated by a person of ordinary skill in the art that several
of the above-disclosed systems, components, processes, or alternatives thereof, may be
desirably combined into other different systems, components, processes, and/or
applications. In addition, various modifications, alterations, and/or improvements may
be made to various embodiments that are disclosed by a person of ordinary skill in the

art within the scope and spirit of the present disclosure.
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A gastro-duodenal implant comprising:

a first retention structure configured for occupying a portion of the stomach;

a second retention structure configured for positioning essentially adjacent to
the pyloric sphincter on the duodenal side of the pyloric opening; and

a set of resilient coupling members configured for resiliently coupling the first
retention structure and the second retention structure,

wherein the set of resilient coupling members facilitates resilient biasing of the

first retention structure away from the second retention structure.

The gastro-duodenal implant of claim 1, wherein the set of resilient coupling
structures includes a spring configured for displacing portions of the first

retention structure relative to the second retention structure.

The gastro-duodenal implant of claim 1, wherein the set of resilient coupling
structures facilitates maintaining the first retention structure generally at a

default separation distance from the second retention structure.

The gastro-duodenal implant of claim 1, wherein the set of resilient coupling
members facilitates mechanical absorption and redistribution of gastrointestinal
forces to actively bias the first retention structure away from the second

retention structure.

The gastro-duodenal implant of claim 1, wherein the first retention structure has
a spatial extent that significantly exceeds an expected cross sectional area of the

pyloric opening.
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The gastro-duodenal implant of claim 5, wherein the first retention structure has
a spatial extent that significantly exceeds an expected cross sectional area of

each of the pyloric opening and the antrum cardiacum.

The gastro-duodenal implant of claim 1, wherein the set of resilient coupling

members comprises at least two resilient coupling members.

The gastro-duodenal implant of claim 1, wherein the first retention structure
comprises at least two frame members joined together by spring elements to

form a default spatial configuration.

The gastro-duodenal implant of claim 8, wherein the at least two frame

members are at least one of linear and arcuate in form.

The gastro-duodenal implant of claim 1, wherein the first retention structure

comprises a tiered structure.

The gastro-duodenal implant of claim 1, wherein the first retention structure
comprises an enclosure having one of a generally ellipsoidal and a generally

toroidal shape.

The gastro-duodenal implant of claim 11, wherein the first retention structure
further comprises at least two frame members disposed within the enclosure

and joined together by spring elements.

The gastro-duodenal implant of claim 1, wherein the first retention structure
comprises a deformable scaffold assembly including a plurality of elements, the
plurality of elements comprising one of generally ellipsoidal elements and

generally toroidal elements.
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The gastro-duodenal implant of claim 1, wherein elements within the plurality of
elements of the deformable scaffold structure are coupled in a side-by-side
manner by at least one of non-resilient segments and resilient segments which
predictably restrict relative motion between the elements of the deformable

scaffold structure.

The gastro-duodenal implant of claim 13, wherein each element of the

deformable scaffold assembly is one of hollow and solid.

The gastro-duodenal implant of claim 13, wherein the deformable scaffold
assembly is coupled to the second retention structure by a plurality of coupling

members within the set of coupling members.

The gastro-duodenal implant of claim 16, wherein each element of the
deformable scaffold assembly is individually coupled to the second retention

structure by a coupling member within the set of coupling members.

The gastro-duodenal implant of claim 1, wherein the second retention structure
comprises a first ring having a cross-sectional area smaller than the cross-
sectional area of the default spatial configuration of the first retention structure

and larger than the expected cross-sectional area of a relaxed pyloric opening.

The gastro-duodenal implant of claim 18, wherein the second retention structure
further comprises a second ring coupled to the first ring by way of a flexible

sleeve.

The gastro-duodenal implant of claim 19, wherein at least one of the first ring

and the second ring comprises an inflatable cuff.
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The gastro-duodenal implant of claim 1, wherein the second retention structure

comprises one of a tubular member and a stent.

The gastro-duodenal implant of claim 21, wherein the tubular member is

generally rigid.

The gastro-duodenal implant of claim 1, further comprising at least one chute
coupled to said second retention structure and configured for selective fluid

communication through the duodenum.

A gastro-duodenal implant comprising:

a compressible fluidly distortable first retention structure configured to reside in
the stomach; and

a second retention structure coupled to the first retention structure, the second
retention structure configured for positioning essentially adjacent to the

pyloric sphincter on the duodenal side of the pyloric opening.

The gastro-duodenal implant of claim 24, wherein the first retention structure
has elasticity sufficient to adaptively deform in response to forces exerted by
stomach smooth musculature thereupon, and to resiliently return toward a

default spatial configuration.

The gastro-duodenal implant of claim 25, wherein the first retention structure

has a shape that distorts in response to peristaltic forces.

The gastro-duodenal implant of claim 26, wherein portions of the first retention
structure can be compressed and other portions of the first retention structure

can expand as a result of fluid displacement within the first retention structure.
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The gastro-duodenal implant of claim 27, wherein the first retention structure
includes a set of internal valves to facilitate fluid displacement in response to

pressure exerted by stomach musculature upon the first retention structure.

The gastro-duodenal implant of claim 24, wherein the first retention structure
includes a set of radial expansion control elements that extend between interior

borders the first retention structure.

The gastro-duodenal implant of claim 29, wherein the set of radial expansion
control elements includes internal connectors that are one of rigid and semi-rigid

spring-like.

The gastro-duodenal implant of claim 24, wherein the first retention structure
comprises a plurality of fluid-filled members coupled together to form a tiered

structure.

The gastro-duodenal implant of claim 31, wherein compression of a fluid filled
member corresponding to a given tier of the first retention structure results in
fluid transfer to and expansion of portions of one or more other fluid filled
members corresponding to one or more other tiers of the first retention

structure.

A method of reducing caloric intake and absorption comprising inserting a
gastro-duodenal implant such that a first retention structure is resident in the
stomach and a second retention structure is positioned essentially adjacent to
the pyloric sphincter on the duodenal side of the pyloric opening, wherein the
first retention structure and the second retention structure are coupled by a set

of resilient elements, the set of resilient elements biasing the first retention
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structure away from the second retention structure generally at a default

separation distance from the second retention structure.

The method of claim 33, further comprising providing a flexible chute coupled to
the second retention structure and extending away from the second retention

structure into a portion of the duodenum.

The method of claim 33, further comprising inserting said gastro-duodenal
implant such that portions of the first retention structure contact the stomach

lining on one of a regular basis and a continuous basis.



