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FIG. 1

(57) Abstract: A bypass tube (14) has a distal end for placement into the small intestine of a patient and a proximal end for placement
near or at the pylorus. The tube comprising a pyloric anchor (16) including a gastric anchor (22) for anchoring the proximal end of the
tube with respect to the pylorus to prevent distal migration. The gastric anchor comprises a tubular balloon (24) and a self-expanding
structure (22a, 22b) for biasing a radially inner wall and/or a radially outer wall of the tubular balloon outwardly towards its enlarged
form. The self-expanding structure comprises a first zone comprising an annular hub or collar (22a) with a first resistance to inward
collapsing, and a second zone comprising a plurality of independently deflectable beams or limbs (22b) extending from the first zone,
and having a smaller second resistance to inward collapsing. Also described are a pyloric anchor that twists around its axis when
expanding, and a non-helical reinforcement of the flexible tube in the small intestine.
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PYLORIC ANCHOR AND GASTRO-INTESINAIL TUBE

Field of the Invention

The present invention relates to the field of devices for inser-
tion into the gastro-intestinal tract and for anchoring at the
pylorus. In some non-limiting aspects, the device may be a by-
pass tube for bypassing a portion of the bowel, or a plug for

plugging the pylorus.

Background to the Invention

Various surgical techniques, and implants, have been proposed
for treating obesity and diabetes. Surgical techniques include
creation of gastric pockets and gastric bypasses of the stomach,
duodenum and part of the jejunum. Bypass tubes or liners have
been proposed for insertion into the gastro-intestinal tract, to

bypass the duodenum and optionally part of the jejunum.

Technical challenges remain for many of these techniques. For
example, the endoscopic placement and anchoring of bypass tubes
remains challenging. One technique proposed is to anchor the
tube in the vicinity of the pylorus. However, the stomach and
intestine are subject to significant motion in normal bodily
function. Muscular contractions of the stomach, including at
the pyloric antrum, complicate maintaining the tube in position.
The muscular contractions can be extreme in the case of, for ex-
ample, the patient vomiting. Dislodgement either towards the
duodenum, or into the stomach, can necessitate medical interven-
tion to correct the position or to retrieve the bypass tube.
Many existing proposals are compromised by the apparently con-

flicting need for secure anchoring, yet with atraumatic engage-
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ment with the body tissue to avoid the device causing tissue ir-

ritation.

It would be desirable to address and/or mitigate one or more of

the above issues.

Summary of the Invention

Aspects of the invention may be defined in the claims.

A first aspect of the disclosure provides a gastric anchor for
anchoring a tube with respect to a pylorus of a patient, the
tube having a distal end for placement within the small intes-
tine and a proximal end for placement near or at the pylorus
and/or within the stomach, the gastric anchor serving to prevent
distal migration of the proximal end, the gastric anchor com-
prising a tubular balloon and a self-expanding structure, the
gastric anchor having: a first end for seating on the gastric
side of the pylorus; a first region having a first resistance to
inward collapsing; and a second region having a second smaller
resistance to inward collapsing, the first region being closer

than the second region to the first end.

Such a configuration can provide a gastric anchor that has tai-
lored resistances to collapsing. The second region can be rela-
tive conformable to accommodate contractions of the stomach
and/or antrum and reduce risk of the contractions dislodging the
anchor in a proximal direction. The second region can permit
inward collapsing to a degree allowing digested food (e.qg.
chyme) to pass from the stomach to the duodenum. The first re-
gion can be relatively firm to ensure that gastric anchor will
retain a sufficient size to obstruct distal migration through

the pylorus even when the first region of the gastric anchor
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collapses at least partly inwardly under the influence of a

stomach contraction.

In some embodiments, the different first and second resistances
to collapsing are provided at least partly by the self-expanding
structure. The self-expanding structure may comprise a first
zone having first zone resistance to inward collapsing, and a
second zone with a smaller second zone resistance to inward col-

lapsing.

The self-expandable structure may have any desired form. For
example, 1t may comprise a stent or stent-like structure. It

may define a framework of struts and/or cells.

In some embodiments, the first zone of the self-expanding struc-
ture may comprise an annular hub or collar, and/or the second
zone of the self-expanding structure may comprise a plurality of
independently deflectable limbs or beams extending from the

first zone.

A closely related second aspect of the disclosure provides a
gastric anchor for anchoring a tube with respect to a pylorus of
a patient, the tube having a distal end for placement within the
small intestine and a proximal end for placement near or at the
pylorus and/or in the stomach, the gastric anchor serving to
prevent distal migration of the proximal end, the gastric anchor
comprising a tubular balloon and a self-expanding structure for
biasing a radially inner wall and/or a radially outer wall of
the tubular balloon outwardly, towards its enlarged form, the
self-expanding structure comprising a first zone comprising an
annular hub or collar, and a second zone comprising a plurality
of independently deflectable beams or limbs extending from the

first zone.
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In either aspect, the self-expanding structure may be attached
to and/or embedded within one of the walls, for example, the ra-
dially outer wall, to draw the wall into contact with the sur-

rounding stomach wall.

In either aspect, the independently deflectable beams/limbs,
where provided, can provide conformability, and/or the annular
hub/collar, where provided, can provide greater structural re-
sistance to inward bending or collapsing. Each independently de-
flectable beam/limb, where provided, may comprise single elon-
gate rib or strut, or it may comprise plural struts collectively

defining the beam or limb shape.

Additionally or alternatively, in either aspect, the tubular
balloon may have any desired exterior shape or profile for fit-
ting within the pyloric antrum and/or stomach. Suitable shapes
include, for example, a cup-shape, a tulip-shape, a bell-shape,
a pear-shape, a tear-drop shape, a funnel-shape, an umbrella-
shape. The tubular balloon can includes an internal channel, and
an entrance mouth for admitting chyme into the channel to pass
through the anchor towards the pylorus. The balloon may serve
to occupy space for gastric restriction. Additionally or alter-
natively, the balloon may take some of the load from the self-
expanding structure, and reduce risk of the structure becoming
fatigued, or fracturing, or causing a central gastro-duodenal

obstruction.

The deflectable beams/limbs, where provided, can deflect inward-
ly to allow local inward collapsing of the balloon to accommo-
date stomach/antrum contractions, and permit chyme to pass to
the duodenum, as explained above. The deflectable limbs/beams

are biased outwardly to urge the balloon to re-expand, and to
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follow movement of the stomach wall, when the contraction is

over.

The hub/collar, where provided, may comprise a plurality of
struts defining a structure of cells. By way of example, the
hub or collar may comprises at least one row of cells, optional-
ly two rows, or more. The hub/collar may provide a stronger
(e.g. radially stronger) structure than the deflectable
beams/limbs, to ensure that the end of the gastric anchor closer
to the pylorus remains sufficiently large to avoid accidentally
migration through the pylorus and into the duodenum, even in the
presence of strong stomach contractions. The axial length of
the hub/collar can be dimensioned such that the beams/limbs may

be positioned where highest antral motility strains occur.

Additionally or alternatively to any of the above, the self-
expanding structure may have any desired form. For example, it
may comprise a stent or stent-like structure. It may define a
framework of struts and/or cells. Fach independently de-
flectable beam/limb, where provided, may comprise single elon-
gate rib or strut, or it may comprise plural struts collectively

defining the beam or limb shape.

Additionally or alternatively to any of the above, the radial
thickness of the tubular balloon may be generally constant
around the axis of the balloon and/or the channel, but this is

not essential.

Additionally or alternatively to any of the above, the balloon
walls may be of substantially inelastic material, such that the
balloon wall material does not stretch under normal inflation of

the balloon.
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Additionally or alternatively to any of the above, the balloon
may have a volume in the range of 200mL - 500mL. The balloon
may optionally serve as a gastric occupying component to reduce

the volume of the stomach for food.

Additionally or alternatively to any of the above, at least the
gastric anchor and optionally the pyloric anchor as a whole, is
collapsible to a non-deployed configuration for introduction
through the stomach towards the pylorus, and is expandable to a
deployed configuration for anchor at or near the pylorus. The

self-expandable structure, where provided,

Additionally or alternatively to any of the above, the balloon
may be inflated with any suitable fluid, such as a gas (e.g.
air) or a liquid (e.g. saline). In some embodiments, the infla-
tion pressure is optionally not greater than 2 atm, optionally
not greater than 1.75 atm, optionally not greater than 1.5 atm,
optionally not greater than 1.25 atm, optionally about 1 atm
(for example, which corresponds generally to pressure equilibri-

um with ambient pressure within the stomach).

A closely related third aspect of the disclosure provides a
method of deploying a gastric anchor for anchoring a tube with
respect to a pylorus of a patient, the tube having a distal end
for placement within the small intestine and a proximal end for
placement near or at the pylorus, the gastric anchor serving to
prevent distal migration of the proximal end, the gastric anchor
comprising a tubular balloon and a self-expanding structure, the
method comprising the steps of:

(i) introducing the gastric anchor into the stomach near the
pylorus;

(ii) inflating the tubular balloon with an inflation fluid

to a pressure selected as one or more of: a pressure that does
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not prevent at least partial inward collapsing of the tubular
balloon in response to stomach contractions; a pressure not
greater than 2 atm; a pressure not greater than 1.75 atm; a
pressure not greater than 1.5 atm; a pressure not greater than
1.25 atm; a pressure about 1 atm; and

(iii) sealing the inflation balloon after inflation to pre-

vent escape of the inflation fluid.

A fourth aspect of the invention, opticnally including any of
the aforementioned aspects and features, provides an anchor
(e.g. a pyloric anchor) for anchoring a device with respect to a
pylorus of a patient. The anchor comprises a frame extending
around an axis, the frame being transformable from a non-
deployed configuration for introduction to the pylorus, towards
a deployed configuration for anchoring at the pylorus. The
frame is configured such that transformation from the non-
deployed configuration towards the deployed configuration causes
a first portion of the frame to at least partly twist around the

axis relative to a second portion of the frame.

The first portion of the frame that twists may be an intermedi-
ate frame portion disposed, at least in the deployed configura-
tion, between the second frame portion and a third portion of

the frame.

A closely related fifth aspect of the disclosure, optionally in
combination with any of the aspects and features described
above, provides an anchor comprising a frame extending around an
axis, the frame including a first intermediate portion disposed
axially between second and third portions, the frame having a
non-deployed configuration for introduction to the pylorus and a
deployed configuration for anchoring at the pylorus and in which

struts of the first portion are biased to extend predominantly
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in the same direction as one another twisting at least partly
around the axis to torsionally couple the second portion to the

third portion.

In the non-deployed configuration, struts of the first portion
may be less twisted around the axis than in the deployed config-
uration, optionally extending substantially axially without

twisting around the axis.

The frame may be deformable to the non-deployed configuration,
and be self-biasing to transform from the non-expanded configu-

ration to the expanded configuration.

Optionally, the second and third frame portions are anchor por-
tions for engaging tissue on either side of the pylorus, and the
first portion is a bridging portion for passing within the pylo-

rus.

The first portion may cause relative angular displacement around
the axis, between the second and third portions when the frame
transforms towards the deployed configuration. Additionally or
alternatively, transformation from the non-deployed configura-
tion towards the deployed configuration causes the first and
second portions of the frame to move axially closer to each oth-
er, optionally to bias at least one, optionally both, of the

second and third portions to bear axially against the pylorus.

Such configurations can preload the frame, and enable loads
and/or displacements to be converted between axial and rotation-
al senses. The twisting action and/or torsional configuration
can bias the second and third portions axially towards each oth-
er, to compress the pylorus axially. Axial displacement between

the second and third portions can be accommodated by partial
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twisting (or partial untwisting) motion, without detracting from

the anchoring effect.

Additionally, the bypass tube according to this fifth aspect may
be provided with actuation means for setting or changing the
amount of twisting between the gastric anchor and the duodenal
anchor. With such actuation means, the open passage of the by-
pass tube may be dynamically changed or individually set by set-
ting a specific twisting angle, during or after implantation.
The more one of the anchors is twisted with respect to the oth-

er, the smaller is the open passage.

The actuation means can e.g. gradually change the axial length
between the duodenal and the gastric anchor. An axial change in
the length induces a twisting motion, due to the twisting struts

and thereby a reduction of the open passage.

The actuation means can be mechanically operated means, actuated
during implantation, e.g. be means of axially or circumferen-
tially acting on pull wires or the like or by a threaded, actua-
table connection between the two anchors. The actuation means
could also be actuateable after implantation and be made e.g. in
the form micro-electro-mechanical systems, motors or in the form

of magnetically driven components.

The actuation means can be mechanically operated during implan-

tation.

They can also be operated via a remote control or based on a im-
planted control device, after implantation. It is in particular
possible to provide implantable sensors e.g. for measuring the
food intake, and to control the actuation means based on the

sensor signals. Thereby, the through-passage may be dynamically
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controlled based e.g. parameters such as food intake, physiolog-

ical parameters or habits of the patient.

Alternatively, it is also possible to change the cross-section
of the through-passage by proving a torus shaped component that
can be placed in the most proximal section of the duodenum (duo-
denal bulb) or elsewhere within the GI tract such as in the most
distal part of the stomach in the antrum (right before the pylo-
rus). This can be a separated component or it can form an an-
chor. There can also be two tori each sitting on one side of the
pylorus. The torus, or tori, can be filled with a fluid (gas or
liquid), e.g. from a reservoir floating in the stomach.

Filling can also be done or triggered remotely. When the torus
or the tori is/are filled. the reservoir is emptied and when the
torus 1s not filled and wide open, the reservoir is full. This
alternative embodiment also allows to control (disturb, acceler-
ate, slow) gastric emptying and have an effect on hunger, sa-

tiety, and ultimately weight loss.

While the embodiments allowing a dynamic change of the through-
passage are particularly advantageous in combination with the
above mentioned aspects of the inventions, such solutions might
also be conceivable in another contact. According to still an-
other sixth aspect, there is hence provided a pyloric plug with
an open trough-passage and having actuation means allowing to

change the diameter of the through-passage, as disclosed above.

Certain characteristics of the frame can also be used to tailor
migration resistance. For example, one of the second and third
portions may be more rigid than the other, such that the more-
rigid portion may be expected to rotate locally less than the
other. Optionally, the second portion in the ducdenum may be

more rigid than the third gastric portion in the stomach. Al-
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ternatively, the third gastric portion in the stomach may be
more rigid than the second portion in the duodenum. Such con-
figurations might lead to different efficiencies in migration

resistance, allowing tailoring as desired.

In some embodiments, in the deployed configuration, the first
portion defines a waist between the second and third portions.
Twisting can increase a peripheral (e.g. circumferential) sepa-
ration between two points on the frame, causing the frame to
walst inwardly to a smaller lateral (e.g. radial) dimension to
accommodate the increased peripheral (e.g. circumferential) sep-

aration.

In the deployed configuration of the frame, one of the first and
second portions may optionally have a larger lateral dimension
(e.g. diameter) and/or axial dimension (e.g. axial length) than

the other of the portions.

The self-deploying frame may, for example, be made of a shape
memory alloy, for example, an alloy comprising nickel (Ni) and
titanium (Ti), optionally also comprising cobalt (Co). For ex-
ample, the shape memory alloy may be or comprise nitinol. The
frame may comprise a lattice of interconnected frame struts

and/or a braided wire structure

The frame may be biased towards its deployed configuration (for
example, by heat setting the frame in the deployed configura-
tion), and be deformable to its non-deployed configuration for
loading into, for example, a sheath. Upon removal from the
sheath, the frame can self-deploy to the deployed configuration

by virtue of a shape memory effect.
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Configuration of frame using any of the above features can pro-
vide a versatile frame geometry that can be configured for dif-
ferent applications. The degree of inward waisting of the
twisting first portion can be controlled by the degree of twist
around the frame axis. The greater the angle of twist, the nar-
rower the waist. The degree of twisting can be one of the pa-
rameters used during heat setting to determine the shape of the
frame in the deployed configuration. For example, for a pyloric
plug, the frame can be configured with a large twisting angle
around the axis to substantially pinch the centre of the frame
closed. Alternatively, for an anchor for a duodenal tube, for
example, the frame can be configured with sufficient twist to
form a waist between the first and second anchor regions, leav-
ing open a sufficiently large through-passage to allow passage

of chyme.

Optionally, the frame may be provided on its interior surface
and/or its exterior surface, or be coated, with liner material.
Suitable liner material may comprise biological tissue (for ex-
ample, pericardial tissue) or synthetic polymeric material (for
example, polyurethane or PTFE). The material may be provided in
sheet form, film form, a coating, or as a woven fabric or a non-

woven fabric.

Liner material on the interior surface can provide an inner con-
duit, or an inner seal in the case of a pyloric plug. Liner ma-
terial on the exterior surface can enhance atraumatic fitting of
the anchor with respect to anatomical tissue at and/or on either
side of the pylorus, and avoid direct contact between the frame

and the anatomical tissue should this be desirable.

In addition to any of the foregoing, the disclosure also pro-

vides a device for fitting at least partly at a pylorus of a pa-
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13
tient. The device can comprise an anchor including any one or
more of the features above. The device may, optionally, be a

pyloric plug, or a duodenal tube.

When the fourth and/or fifth aspect is used in combination with
any of the first to third aspects above, the gastric anchor may
correspond to, and/or constitute, the second and/or third por-

tion of the fourth and/or fifth aspect.

A closely related sixth aspect of the invention provides a meth-
od of deploying a pyloric anchor at a pylorus of a patient, the
anchor optionally according to the fourth and/or fifth aspect,
the anchor comprising a frame extending around an axis, the
method comprising:

(i) introducing the pyloric anchor into the stomach and to
the pylorus of a patient with the anchor in a non-deployed con-
figuration; and

(ii) transforming the anchor from the non-deployed configu-
ration to a deployed configuration, the step of transforming
comprising causing a first portion of the frame to twist at
least partly around an axis with respect to a second portion of

the frame.

The step of causing twisting may comprise releasing a self-
deploying frame to twist as the frame self-deploys from the non-
deployed configuration to the deployed configuration. Alterna-
tively, the step of causing the frame to twist may comprise for-
cibly twisting the frame by application of a twisting force to

the frame.

A seventh aspect of the present disclosure, opticnally in combi-
nation with any of the preceding aspects, comprises a bypass

tube for placement into the small intestine of a patient, the
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bypass tube made of flexible material and having a longitudinal
axis, the bypass tube having a radially compressed configuration
for introduction, and a radially expanded configuration for
functional implantation, the tube carrying a reinforcement ele-
ment for reinforcing the flexible tube, the reinforcing element

having a non-helical shape.

Use of a non-helical reinforcement element can avoid complica-
tions caused by a helical shape tending to lengthen axially when
compressed radially, and foreshorten axially when expanding ra-
dially. Such changes in axial length can apply additional
stresses to the flexible tube, especially when made of inelastic

material.

In some embodiments, the reinforcement element has a shape com-
prising circumferentially expandable and collapsible rows, in-
terconnected by at least one substantially axial connecting seg-

ment.

Fach row may, for example, comprise a reinforcement pattern ex-
tending generally in a circumferential direction of the tube.
The row may extend around the entire circumference (e.g. around
360° of the circumference), or only partially around the circum-
ference (e.g. around about 180° of the circumference). Using a
partial circumference may leave a portion of the flexible tube
unreinforced, and able to conform to movements of the small in-

testine, for example, peristaltic movements for advancing chyme.

Fach row may optionally have a zig-zag or sinuous reinforcement
pattern. Such a pattern can be compressible and expandable in
the circumferential direction, without changing axial dimension

substantially.
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The axial segment (s) also need not change length during radial
compression and expansion, because the axial segment(s) 1s gen-

erally perpendicular to the direction of changing dimension.

The tube may have a length for extending from the pylorus into

the duodenum, and optionally into the jejunum.

The reinforcement may serve to limit the free movement of the
tube so as to avoid twisting or kinking of the tube. The rein-
forcement may be present throughout the tube and/or be restrict-
ed to individual regions; and the reinforcement may be in and/or
on the tube. Twists in a bypass tube can limit the flow of gas-
tric content toward the bowel; this in turn can lead to the dis-
comfort of the patient. In cases of extreme twisting, the tube
can become completely blocked and obstruct the passage of any
gastric content. The reinforcement confers a certain firmness to

the tube thus avoiding twisting and/or blockages due to kinking.

In some embodiments, the reinforcement may be made of any suita-
ble material such as metal and preferably Nitinol. Said rein-

forcement may be situated in and/or on the tube.

In some embodiments the above reinforcement may comprise at
least one repetitive pattern. Said repetitive pattern may be at
least one continuous triangular pattern and/or sinusoidal pat-
tern and said repetitive pattern may run along the circumference
of the tube. The use the repetitive pattern allows the tube to
compress circumferentially when necessary whilst ensuring firm-

ness around the reinforcement.

The reinforcement may consist of at least one circumferential

and/or partially circumferential row of repetitive reinforce-
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ment, for example, the reinforcement may expand over 380° or

over 180° of the tube.

In a preferred embodiment the reinforcement structure may com-
prise at least one repetitive reinforcement pattern arranged in
at least one row. Optionally, there may be a succession of rows
the length of the tube, said rows may be spaced out so as to
confer flexibility to the tube between the rows thus allowing
the tube to adapt to muscular contractions all the while ensur-
ing a sufficient support with the reinforced sections so as to

avoid twisting or kinking of the tube.

In some embodiments sections of the repetitive reinforcement
pattern running over at least at portion of the circumference of

the tube may be positioned on alternate opposite sides.

In any of the forgoing aspects, use or optional use of a self-
deploying and/or self-expanding structure and/or frame and/or
reinforcement can avoid the need to forcibly deploy the struc-
ture or frame using a special delivery tool. It can also permit
the devices and/or anchors to be easily retrievable after im-
plantation when their function is no longer desired or when the
device reaches the end of its functional life. It can also per-
mit the devices and/or anchors and/or reinforcement to be de-
formable have resilience to better perform their function in the
mobile environment of the stomach and small intestine. However,
if preferred, a non-self-deploying material may be used for the

frame or structure or reinforcement.

A self-deploying frame or structure may, for example, be made of
a shape memory alloy, for example, an alloy comprising nickel
(Ni) and titanium (Ti), optionally also comprising cobalt (Co).

For example, the shape memory alloy may be or comprise nitinol.
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The frame may comprise a lattice of interconnected frame struts

and/or a braided wire structure

By way of example, the duodenal side of a pyloric anchor may
have an outer diameter in a range of about 3cm to about 4cm.

The gastric side of a pyloric anchor may have an outer diameter
in a range of about 4cm to about 6cm, optionally about 5cm. The
tubular balloon may have a radial wall thickness of about 1.b5cm
to about 2cm, or a total diametric wall thickness of about 3cm
to about 4cm. The hollow channel inside the tubular balloon may
have a diameter of about lcm to about 3cm, optionally about 2cm.
The diameter may depend on the degree of gastric restriction de-
sired for slowing flow of chyme out of the stomach. For a pylo-
ric plug device, the twisted portion of the frame may have an
inner diameter of a few mm, for example, up to bmm or less. For
a tube device, the inner diameter of the twisted portion may be

in the range of about 1 cm to about 3 cm, optionally about 2cm.
In any of the above aspects, the apparatus or a component of the

apparatus may optionally be formed by additive manufacturing /

three-dimensional printing.

Brief Description of the Drawings

Non-limiting embodiments of the invention are now described by
way of example only, with reference to the accompanying draw-

ings, in which:

Fig. 1 is a schematic side view of a bypass tube having a pylo-

ric anchor;

Fig. 2 is a schematic side view showing detail of Fig. 1;
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Figs. 3a and 3b are schematic side views illustrating how the

anchor absorbs stomach and/or antral contractions;

Fig. 4 is a schematic side view of a pyloric anchor in a non-

deployed configuration;

Fig. 5 is a schematic side view of the pyloric anchor of Fig. 4

in a fully deployed configuration;

Fig. 6 is a schematic side view of the pyloric anchor of Figs. 4

and 5 in an implanted configuration;

Fig. 7 i1s a schematic side view illustrating the anchor forming

a pyloric plug;

Figs. 8a and 8b are schematic views of an alternative embodiment

of the pyloric plug and

Figs. %9a and 9b are schematic views of another alternative em-

bodiment of the pyloric plug.

Detailed Description of Preferred Embodiments

Referring to Figs. 1 to 6 of the drawings, a first embodiment of
device for insertion into the gastro-intestinal tract comprises
a pyloric anchor 10 for anchoring at or with respect to a pylo-
rus 12 of a patient, and a bypass tube 14 extending distally

from the anchor 10.

The pyloric anchor includes a self-deploying and/or self-
expanding frame 16 including a first portion 18 at the pylorus,

a second portion 20 in the form of a duodenal anchor, and a
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third portion 22 in the form of a gastric anchor. The gastric
anchor serves to resist migration in a direction out of the
stomach and through the pylorus 12. The duodenal anchor serves

to resist migration from the duodenal side into the stomach.

The third portion 22 includes an annular shaped hub or collar
22a from which extend a plurality of independently deflectable
limbs 22b. The gastric anchor further includes a tubular or to-
rus balloon 24 having a shape suitable for seating in the pylo-
ric antrum, such as by way of example, umbrella-shaped, or tu-
lip-shaped. The balloon can serve as a gastric occupying compo-
nent to reduce the volume of the stomach to food, and/or a gas-
tric restriction with a passage dimensioned to restrict flow of

chyme out of the stomach to the duodenum.

Referring to Fig. 3a, the third portion 22 of the frame serves
to bias the balloon 24 into engagement with the stomach wall.
Referring to Fig. 3b, during a stomach contraction, represented
by arrows 42, the deflectable limbs 22b permit the mouth region
of the gastric anchor to collapse locally at least partly in-
wardly, and thereby accommodate and/or absorb the stomach con-
traction without pulling or jerking the gastric anchor proximal-
ly. The hub or collar 22a is slightly stiffer, and provides a
stable portion of the gastric anchor of large enough diameter to
ensure that the gastric anchor will not pass accidentally
through the pylorus even when the deflectable limbs 22b are be-

ing compressed inwardly.

The second portion 20 forming a duodenal anchor may have a gen-
erally cylindrical shape, and/or have length not longer than the
duodenal bulb. The second portion can be laser-cut or braided.

Howsoever formed, in the illustrated embodiment, the first, sec-
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ond and third portions of the frame are optionally integral with

one another and form a single body and/or unitary frame.

Referring to Figs. 1 and 4 to 6, the frame 16 extends around an
axis 28. The frame 16 is self-deployable from a non-deployed
configuration (Fig. 4) towards a deployed (e.g. fully deployed)
configuration (Fig. 5) for anchoring at the pylorus. In some
embodiments, when implanted (Figs. 1 and 6), the frame 16 might
not reach the fully deployed configuration, but instead achieve
equilibrium with the pylorus and surrounding anatomy in a
slightly compressed or implanted configuration in which the
frame 16 continues to bias towards the fully deployed configura-

tion.

In the illustrated form, the first portion 18 is configured to
twist at least partly around the axis 28 when the frame trans-
forms from the non-deployed configuration towards the deployed
configuration. The first portion 18 comprise a plurality of
struts extending predominantly in the same direction as each
other to at least partly twist around the axis, and to torsion-
ally couple the second portion 20 to the third portion 22.
Twisting generates a rotational or torsional prelocad against the
pylorus. This rotational preload resists axial migration by
translating axial mechanical movement and/or force into rota-
tional movement and/or force (as indicated by arrows 30). By
this feature, relative displacement between the device and the
anatomy can be reduced, so that the device substantially con-
forms to the anatomy even when the stomach antrum contracts. By
virtue of the preload, the second and third portions can main-

tain a bias force against the pylorus from either side.

Referring to Fig. 1, the tube 14 comprises a support or rein-

forcement 34 present in and/or on the tube 14. The reinforce-
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ment is intended to prevent the flexible tube material from
twisting or pinching or kinking within the small intestine. The
reinforcement has a nonhelical shape, optionally comprising rows
of repeating patterns (e.g. zig-zag or sinusoidal) extending
circumferentially completely or partly around the tube circum-
ference, to allow radial compression and expansion without sub-
stantial axial length changes, and interconnected by axial join-

ing segments.

The frame 16, and the reinforcement 34, may be made of shape
memory alloy, for example, nitinol. The frame 16 may be heat-
set in the deployed (e.g. fully deployed) and twisted configura-
tion, and be deformable (e.g. compressible) to the non-deployed
configuration for introduction using a delivery sheath 40. Upon
removal of the sheath 40, the frame self-deploys towards the de-
ployed configuration until implantation equilibrium is reached.
The balloon 24 may be inflated to a suitable pressure to assist
anchoring and occupy space within the stomach, but not too high
that the inflation pressure will interfere with ability of the

gastric anchor to accommodate or absorb stomach contractions.

A further feature is that the frame geometry is versatile in
that can be configured for different applications. The degree
of inward waisting of the first portion 18 can be controlled by
the degree of twist around the frame axis 28. The greater the
angle of twist, the narrower the waist. The degree of twisting
can be one of the parameters used during heat setting to deter-
mine the shape of the frame 16 in the deployed configuration.
For an anchor for a duodenal tube, as above for example, the
frame can be configured with sufficient twist to form a waist
between the first and second anchor regions, leaving open a suf-

ficiently large through-passage to allow passage of chyme.
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Referring to Fig. 7, for a pyloric plug, the frame can be con-
figured with a large twisting angle around the axis to substan-
tially pinch the centre of the frame closed. The plug embodiment
may be used to complement a gastro-intestinal tract diversion,

such as a gastro-jejunal diversion.

Figs. 8a and 8b schematically show a pyloric plug which is be
provided with actuation means for individually setting the de-
gree of twist and hence the cross-section of the through-
passage. As shown in Fig. 8a, a distance dl between the second
portion 20 and the third portion 22 is larger than a distance d2
in Fig. 8b. By axially approaching the portions 20 and 22, there
is generated a further twist and the open passage 1s reduced

from Pl in fig 8a to P2 in fig 8b.

The actuation means in Fig. 8a and 8b are schematically shown in
the form of a sleeve 32 on portion 22 and a stem 31 rotationally
mounted on portion 20. The sleeve 32 as an inner thread, in
which engages an outer thread of the stem 21. The distance be-
tween portion 20 and 22 can be changed by screwing the stem 31

into the sleeve 32.

In both embodiments, the frame 16 may be coated, e.g. polymer
coated, to form liner material 26, and/or to integrate with a
wall of the balloon 24 (e.g. when used with a bypass tube). The
liner material 26 can reduce any traumatic effect of the frame
bearing against anatomical tissue. The liner material 26 could
also be placed internally, specifically inside the first portion
18 of the frame, optionally creating bulky folds of the material
by design when the frame is in the deployed configuration. This
feature could be especially useful for a device in the form of a
pyloric plug that occludes the pylorus as a complimentary device

in the case of creation of gastro-jejunal diversion (not shown).
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Although the above description and claims focus on certain fea-
tures, protection is claimed for any novel feature or idea de-
scribed herein and/or illustrated in the drawings, whether or

not emphasis has been placed thereon.

Fig. %9a and 9b show still another embodiment of a pyloric plug
which is provided with actuation means for dynamically setting
the cross-section of the through-passage. The pyloric plug is
provided with an inflatable, toroidal duodenal anchor 20. As
shown in Fig. 9a, the through-passage is reduced from Pl in fig
9a to P2 in fig Sb. This change is made by increasing the amount

of a fluid within a hollow cavity of the toroidal anchor 20.

This increase can be achieved by transferring a fluid (e.g. a
gas or a liquid) from a reservoir 35 placed in the stomach to
the cavity of the anchor 20 via a conduit 33. Such a transfer
can be passive, by the content of the stomach acting on the res-
ervoir 35 and increasing the pressure in the reservoir 35. It
can also be actively triggered, e.g. by a an implanted pump (not
shown) arranged in the conduit 35. Such a pump again could be
actuated via a remote control or with a control receiving sensor

inputs relating to patent parameters or behaviour.

The duodenal anchor 20 can replace the anchor 20 shown in the
other embodiments. Likewise, the gastric anchor 22 could also be
replaced by an inflatable toroidal anchor. It is also conceiva-
ble to add toroidal inflatable members to the anchor(s) 20 and

22 shown in the previous embodiments.
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Claims

1. A gastric anchor (22) for anchoring a tube (14) with respect
to a pylorus of a patient, the tube having a distal end for
placement within the small intestine and a proximal end for
placement near or at the pylorus, the gastric anchor (22)
serving to prevent distal migration of the proximal end,
the gastric anchor comprising a tubular balloon (24) and a
self-expanding structure(22a, 22b), the gastric anchor hav-
ing: a first end for seating on the gastric side of the py-
lorus; a first region (22a) having a first resistance to
inward collapsing; and a second region (22b) having a sec-
ond smaller resistance to inward collapsing, the first re-

gion being closer than the second region to the first end.

2. A gastric anchor according to claim 1, wherein the self-
expanding structure (22a, 22b) provides at least partly the
different first and second resistances to collapsing, the
self-expanding structure comprising a first zone (22a) hav-
ing a first zone resistance to inward collapsing, and a
second zone (22b) with a smaller second zone resistance to

inward collapsing.

3. A gastric anchor according to claim 2, wherein the second
zone comprises a plurality of independently deflectable

limbs or beams (22b) extending from the first zone.

4, A gastric anchor according to claim 2 or 3, wherein the

first zone comprises an annular hub or collar (22a).

5. A gastric anchor according to any preceding claim, wherein
the self-expandable structure (22a, 22b) is attached to or

embedded within at least one of a radially inner wall and a
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radially outer wall of the tubular balloon (24), for bias-
ing said wall of the tubular balloon outwardly.

A bypass tube (14) having a distal end for placement into
the small intestine of a patient and a proximal end for
placement near or at the pylorus, the bypass tube compris-
ing a gastric anchor (22) for anchoring the proximal end of
the tube with respect to the pylorus to prevent distal mi-
gration of the proximal end, the gastric anchor optionally
according to any preceding claim, the gastric anchor com-
prising a tubular balloon (24) and a self-expanding struc-
ture (22a, 22b) for biasing a radially inner wall and/or a
radially outer wall of the tubular balloon outwardly to-
wards its enlarged form, the self-expanding structure com-
prising a first zone comprising an annular hub or collar
(22a), and a second zone comprising a plurality of inde-
pendently deflectable beams or limbs (22b) extending from

the first zone.

A gastric anchor according to claim 4 or any claim dependent
thereon, or a bypass tube according to claim 6, wherein the
first zone (22a) comprises struts defining at least one

circumferential row of cells.

A gastric anchor according to claim 3 or any claim dependent
thereon, or a bypass tube according to claim 6 or any claim
dependent thereon, wherein each independently deflectable
limb or beam (22b) comprises:

- a single rib or strut; or

- plural struts collectively defining the beam or limb

shape.

A gastric anchor according to claim 3 or any claim dependent

thereon, or a bypass tube according to claim 6 or any claim
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dependent thereon, wherein each independently deflectable
limb or beam (22b) extends to and/or towards a mouth region
of the gastric anchor, to permit the mouth region to col-

lapse local inwardly to accommodate stomach contractions.

A gastric anchor according to claim 1 or any claim dependent
thereon, or a bypass tube according to claim 6 or any claim
dependent thereon, wherein the tubular balloon (24) has a
shape selected as one or more of: cup-shape; tulip-shape;
bell-shape; pear-shape; tear-drop shape; funnel-shape; um-

brella-shape.

A gastric anchor according to claim 1 or any claim dependent
thereon, or a bypass tube according to claim 6 or any claim
dependent thereon, wherein the tubular balloon (24) has one

or more of:

a volume in the range of 200mL - 500 mL;
a radial thickness of about 1.5cm - about 2cm;
an inner diameter of between about lcm to about 3cm, op-

tionally about 2cm.

A gastric anchor according to claim 1 or any claim dependent
thereon, or a bypass tube according to claim 6 or any claim
dependent thereon, wherein:
a. the gastric anchor (22) has an
outer diameter, in at least a portion of the anchor,
in a range of about 4cm to about 6cm, optionally about
5cm; and/or
b. a duodenal side of a pyloric an-
chor has an outer diameter in a range of about 3cm to

about 4cm.
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A gastric anchor according to claim 1 or any claim dependent
thereon, or a bypass tube according to claim 6 or any claim
dependent thereon, wherein the self-expanding structure
(22a, 22b) comprises a shape memory alloy, the alloy op-

tionally containing nickel and titanium.

A bypass tube according to claim 6 or any claim dependent
thereon, further comprising a duodenal anchor (20) for re-
sisting migration through the pylorus in the direction of
the stomach, wherein the gastric anchor and the duodenal
anchor are coupled by a plurality of struts (18) that twist
around the axis of the tube in the same direction of twist,
thereby torsionally coupling together the gastric anchor

(22) and the duodenal anchor (20).

A bypass tube according to claim 6 or any claim dependent
thereon, wherein the tube has a radially collapsed com-
pressed configuration for introduction, and a radially ex-
panded configuration for functional implantation, the tube
carrying a reinforcement element (34) for reinforcing the
tube, the reinforcing element (34) having a non-helical
shape, optionally wherein the non-helical shape comprises
circumferentially expandable and collapsible rows intercon-
nected by at least one substantially axial connecting seg-

ment.
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