Office de la Proprieté Canadian CA 2554356 C 2014/02/25

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 554 356
gln gfganisge ; 'f*rc‘j age”gy of ; 12y BREVET CANADIEN
'Industrie Canada ndustry Canada
CANADIAN PATENT
13) G
(22) Date de depot/Filing Date: 2006/07/27 (51) Cl.Int./Int.Cl. A67J 75/00(2006.01),
(41) Mise a la disp. pub./Open to Public Insp.: 2007/01/28 AGTM 25/04 (2006.01)
- . (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2014/02/25 ORTIZ. MARK S. US
(30) Priorité/Priority: 2005/07/28 (US11/161,265) FREEMAN, LYNETTA US

(73) Proprietaire/Owner:
ETHICON ENDO-SURGERY INC., US

(74) Agent: NORTON ROSE FULBRIGHT CANADA
LLP/S.E.N.C.R.L., S.R.L.

(54) Titre : TUBE DE GASTROSTOMIE PERCUTANEE ENDOSCOPIQUE EN POLYMERE ELECTROACTIF ET
METHODES D'UTILISATION

54) Title: ELECTROACTIVE POLYMER-BASED PERCUTANEOUS ENDOSCOPIC GASTROSTOMY TUBE AND
METHODS OF USE

(57) Abréegée/Abstract:

Embodiments of the present invention generally provide methods and devices for providing percutaneous access to a tissue. In
one exemplary embodiment, a PEG tube Is provided having an elongate member with a proximal end adapted to be positioned

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

» . _
‘ l an a dH http:/opic.ge.ca + Ottawa/Gatineau K1A 0C9 - hmp./cipo.ge.ca o p1C
OPIC - CIPO 191




CA 2554356 C 2014/02/25

anen 2 554 356
13) C

(57) Abrege(suite)/Abstract(continued):

adjacent to a tissue surface, a distal end adapted to be Inserted through tissue, and an inner lumen extending between the
proximal and distal ends and adapted to allow fluid flow there through. The PEG tube can also include an electrically actuatable
element coupled to the distal end of the elongate member and configured to change dimensionally upon delivery of electrical

energy thereto. In use, the electrically actuatable element can be adapted to expand to engage tissue and secure the distal end of
the PEG tube to the tissue.
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ABSTRACT OF THE DISCLOSURE

Embodiments of the present invention generally provide methods and devices for
providing percutaneous access to a tissue. In one exemplary embodiment, a PEG tube is
provided having an elongate member with a proximal end adapted to be positioned adjacent to a
tissue surtace, a distal end adapted to be inserted through tissue, and an inner lumen extending
between the proximal and distal ends and adapted to allow fluid flow there through. The PEG
tube can also include an electrically actuatable element coupled to the distal end of the elongate
member and configured to change dimensionally upon delivery of electrical energy thereto. In

use, the electrically actuatable element can be adapted to expand to engage tissue and secure the

distal end of the PEG tube to the tissue.
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ELECTROACTIVE POLYMER-BASED PERCUTANEOUS ENDOSCOPIC
GASTROSTOMY TUBE AND METHODS OF USE

FIELD OF THE INVENTION

[0001] The present invention relates broadly to surgical devices, and in particular to methods and

devices for securing a percutaneous endoscopic gastrostomy tube to a gastrointestinal location.
BACKGROUND OF THE INVENTION

[0002] In cases of severe obesity, patients can undergo various types of surgical procedures to tie
off, staple, or bypass portions of the stomach and gastrointestinal tract (e.g., large intestine or
small intestine). These procedures can reduce the amount of food desired and ingested by the

patient, thereby causing the patient to lose weight.

10003 ] One surgical procedure, known as a Roux-En-Y gastric bypass, creates a permanent
surgical reduction of a patient’s stomach volume and a bypass of the patient’s intestine. In the
procedure, the stomach is separated into a smaller, upper stomach pouch and a larger, lower
stomach pouch, such as by using a stapling device. A segment of the patient’s small intestine
(e.g., a segment distal of the duodenum or proximal of the jejunum) is then brought from the
lower abdomen and joined with the upper stomach pouch created through a half-inch opening, or
stoma, in the stomach pouch and small intestine. This segment of the small intestine, known as
the “Roux loop,” carries food from the upper stomach pouch to the remainder of the intestines,
where the food 1s digested. The remaining lower stomach pouch and the attached segment of
duodenum are then reconnected to form another anastomotic connection to the Roux loop at a
location approximately 50-150 cm (1.6-4.9 ft) from the stoma, typically using a stapling
instrument. From this connection, digestive juices from the bypassed stomach (e.g., the lower
stomach pouch), pancreas, and liver enter the jejunum or ileum to aid in digestion. The

relatively small size of the upper stomach pouch therefore reduces the amount of food that the

patient can eat at one time, thereby leading to weight loss in the patient.

[0004] While the Roux-En-Y gastric bypass procedure maintains oral access to the upper
stomach pouch, the procedure eliminates oral access to the bypassed lower stomach. In certain

cases, such as when a patient becomes ill following the Roux-En-Y gastric bypass, the patient
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can require either delivery of nutrients and fluids to the bypassed lower stomach pouch or
removal of excess digestive juices from the bypassed lower stomach. To provide external access
to the lower stomach pouch, a percutaneous endoscopic gastrostomy (PEG) tube can be inserted

within the pouch.

[0005] Conventional PEG tubes include a flexible tube having a balloon positioned on a distal

end of the tube. The PEG tube 1s implanted by inserting the distal end of the PEG tube through
openings formed within the abdominal muscle wall of the patient and the lower stomach pouch
to position the deflated balloon within the lower stomach pouch. The balloon is then inflated to
engage the lower stomach pouch wall to secure the PEG tube to the stomach pouch. Fluids can

then be introduced into or removed from the stomach pouch via the PEG tube.

[0006] In some Roux-En-Y gastric bypass procedures, the lower stomach pouch can be difficult
to subsequently locate and access within the patient (e.g., at a time subsequent to the gastric
bypass procedure). The PEG tube can thus also be used to reposition the lower stomach pouch in
proximity to the abdominal wall. This can be achieved by pulling the tlexible tube after the
balloon is inflated to pull the lower stomach pouch toward the abdominal wall. Eventually, the
adhesion will be formed between the lower stomach pouch and the abdominal wall to

permanently anchor or secure the tissues to each other.

[0007] While the use of conventional PEG tubes can be an effective mechanism to deliver or
withdraw fluids from the lower stomach pouch, or to position a lower stomach pouch relative to
an abdominal wall, there are some drawbacks with current PEG tubes. For example, during
operation of the PEG tube, the balloon should only be intlated to an amount that is necessary to
engage the stomach pouch, as over inflation of the balloon can create excess pressure within the
stomach. However, it may be necessary to inflate the balloon to an undesirably large size in
order to allow the balloon to engage the stomach wall without passing through the opening. The

use of a balloon can also pose the risk of over inflation leading to rupture or leakage during use,

thereby limiting the ability for the PEG tube to maintain its anchored position within the lower

stomach pouch.

[0008] Accordingly, there is a need for improved methods and devices for securing a PEG tube

within a lower stomach pouch following a Roux-En-Y gastric bypass.

.
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SUMMARY OF THE INVENTION

[0009] The present invention generally provides methods and devices for providing percutaneous
access to a body lumen. In one exemplary embodiment, a PEG tube is provided having an
elongate member with a proximal end that 1s adapted to be positioned adjacent to a tissue
surface, a distal end that is adapted to be inserted through tissue and into a body lumen, and an
inner lumen extending between the proximal and distal ends and adapted to allow fluid flow
there through. The PEG tube can also include an electrically expandable element coupled to the
distal end of the elongate member configured to change dimensionally upon delivery of electrical
energy thereto. In one embodiment, the electrically expandable element can be configured to

radially expand upon delivery of electrical energy thereto.

[0010] In one embodiment, the PEG tube can have a first electrically expandable element
coupled to the distal end of the elongate member and configured to change dimensionally upon
delivery of electrical energy thereto. The PEG tube can also include additional expandable
elements, such as a second electrically expandable element positioned just proximal to the first
electrically expandable element to allow the first and second electrically expandable elements to
engage tissue therebetween when energy 1s delivered thereto. A third electrically expandable
element can optionally be coupled to the proximal end of the elongate member and configured to

engage tissue to prevent passage of the proximal end of the PEG tube through tissue and into the
body.

[0011] In yet another embodiment, a PEG tube 1s provided having a hollow elongate member

with a proximal portion that is adapted to be positioned adjacent to a tissue surface and a distal
portion that is adapted to be inserted through tissue. The PEG tube can further include at least
one electroactive polymer actuator coupled to the hollow elongate member. A diameter of the

electroactive polymer actuator can be adapted to be selectively increased when energy is

delivered thereto to engage the tissue.

[0012] Methods for implanting a percutaneous endoscopic gastrostomy (PEG) tube are also
provided. In one embodiment, the method can include inserting a distal portion of a PEG tube
through tissue and into a body lumen to position an expandable element coupled to the distal

portion of the PEG tube within the body lumen. The method can further include delivering an
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amount of energy to the expandable element to increase a size of the expandable element,
thereby causing the expandable element to engage the body lumen. In certain exemplary
embodiments, energy can be delivered 1n an amount that correlates to a desired size of the
expandable element. The method can also optionally include retracting the PEG tube to move

the tissue engaged by the expandable element.
BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The invention will be more fully understood from the following detailed description taken

in conjunction with the accompanying drawings, in which:

[0014] FIG. 1A is a perspective view of one embodiment of a PEG tube having an electrically

expandable element in an unexpanded state;

[0015] FIG. 1B is perspective view of the PEG tube of FIG. 1A showing the electrically

expandable element in an expanded state.

[0016] FIG. 2A is a cross-sectional view of a prior art {fiber bundle type electroactive polymer

(EAP) actuator;
[0017] FIG. 2B is a radial cross-sectional view of the prior art actuator shown in FIG. 2A;

[0018] FIG. 3A is a cross-sectional view of a prior art laminate type EAP actuator having

multiple EAP composite layers;

[0019] FIG. 3B is a perspective view of one of the composite layers of the prior art actuator

shown 1n FIG. 3A;

[0020] FIG. 4 is a perspective view of another embodiment of a PEG tube having multiple

electrically expandable elements disposed on an elongate member;

[0021] FIG. 5A illustrates the PEG tube of FIG. 1 positioned relative to a proximal tissue;

[0022] FIG. 5B illustrates the PEG tube of FIG. 5A 1nserted through an opening formed in the

proximal tissue and positioned adjacent to a distal tissue;
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[0023] FIG. 5C illustrates the PEG tube of FIG. 5B with the distal end of the device inserted

through an opening formed in the distal tissue;

(0024] FIG. 5D illustrates the PEG tube of FIG. 5C having an expandable element expanded to

engage the distal tissue;

[0025] FIG. 5E illustrates the PEG tube of FIG. 5D, showing the end cap positioned adjacent to

the proximal tissue and the expandable element expanded to engage the distal tissue; and

[0026] FIG. SF illustrates a portion of the PEG tube of FIG. SE moved to position the distal

tissue in proximity to the proximal tissue.

DETAILED DESCRIPTION OF THE INVENTION

[0027] Certain exemplary embodiments will now be described to provide an overall
understanding of the principles of the structure, function, manufacture, and use of the devices
and methods disclosed herein. One or more examples of these embodiments are illustrated 1n the
accompanying drawings. Those of ordinary skill in the art will understand that the devices and
methods specifically described herein and illustrated in the accompanying drawings are non-
limiting exemplary embodiments. The features illustrated or described in connection with one

exemplary embodiment may be combined with features of other embodiments.

[0028] The present invention generally provides methods and devices for providing percutaneous
access to a body lumen. In an exemplary embodiment, a PEG tube is provided having an
elongate member with a proximal end adapted to be positioned adjacent to a tissue surface or
otherwise external to a patient’s body, a distal end adapted to be inserted through tissue and into
a body lumen or organ, and an inner lumen extending between the proximal and distal ends and
adapted to allow fluid flow therethrough. The PEG tube can also include an expandable element
coupled to the distal end of the elongate member and configured to change dimensionally upon

delivery of electrical energy thereto. In use, the expandable element can be positioned within a

body lumen, ¢.g., the stomach or other organ, and expanded to engage tissue, thereby securing
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the distal end of the PEG tube within the lumen. Fluids can then be introduced into and/or
removed from the PEG tube. A person skilled in the art will appreciate that the device can
include any combination of electrically expandable elements and non-electrically expandable
elements or other features to secure the PEG tube to tissue. A person skilled 1n the art will also
appreciate that, while the device is described for use in a Roux-En-Y gastric bypass procedure,

the device can be used in a variety of surgical procedures for a variety of purposes.

[0029] FIGS. 1A and 1B illustrate one exemplary embodiment of a PEG tube 20. As illustrated,
the PEG tube 20 generally includes an elongate member 22 and an electrically expandable
element 24 coupled to the elongate member 22. The elongate member 22 can have a variety of
configurations but in the illustrated embodiment 1t has a generally elongate shape with proximal
and distal ends 26, 28 having an inner lumen 32 extending therebetween. The length of the
elongate member 22 can vary depending on the intended use, but in an exemplary embodiment
the elongate member 22 has a length that is adapted to allow the distal end 28 of the elongate
member 22 to be positioned within a patient’s stomach, while the proximal end 26 remains
outside of the body to provide access through the lumen 32 for the introduction and/or removal
of fluids, or optionally medical devices. By way of non-limiting example, the length can be 1n
the range of about 12 inches to 18 inches. The elongate member 22 can also be tormed from a
variety of materials. For example, the elongate member 22 can be formed from a substantially
flexible material that, upon insertion into a lumen of a patient’s body, allows the elongate

member 22 to be manipulated into a desired orientation.

[0030] The proximal end 26 of the elongate member 22 can have a variety ot configurations, and

it can include features to facilitate grasping of the device 20, and/or to prevent passage ot the
proximal end 26 through tissue. For example, in one embodiment the proximal end 26 of the
elongate member 22 can include an external structure, such as a flange or cap member 30 formed
thereon, as shown. The cap member 30 can facilitate grasping of the device, and 1t can also be
used to prevent passage of the proximal end 26 into the patients body. In particular, the cap
member 30 can have a diameter d, that is sufficient to allow the cap member 30 to rest against a
tissue surface without passing through the tissue. The cap member 30 can be fixedly attached to
or integrally formed with the proximal end 26, or 1t can be slideably coupled to the proximal end

26 of the elongate member 22 to allow the cap member 30 to be positioned as desired. Where
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the cap member 30 is slidably coupled to the elongate member 22, the cap member 30 can be shd
and positioned at a desired location relative to a tissue surface to maintain the elongate member
22 at a particular insertion depth. Alternatively, a fixation device, such as a clamp or external
support, can be used to grasp and maintain the elongate member 22 1n a desired position once

implanted.

[0031] As previously indicated, the PEG tube 20 can also include one or more electrically
expandable elements that are adapted to change dimensions when energy 1s delivered thereto. In
the embodiment shown in FIGS. 1A and 1B, the PEG tube 20 includes a single electrically
expandable element 24 disposed on the distal end 28 thereof. The PEG tube 20 can, however,
include any number of electrically expandable elements attach thereto at a variety of locations.
The electrically expandable element 24 can also have a variety of configurations, but 1n an
exemplary embodiment the electrically expandable element 24 1s formed from an electroactive

polymer material.

[0032] Electroactive polymers (EAPs), also referred to as artificial muscles, are materials that
exhibit piezoelectric, pyroelectric, or electrostrictive properties in response to electrical or
mechanical fields. In particular, EAPs are a set of conductive doped polymers that change shape
when an electrical voltage is applied. The conductive polymer can be paired with some form of
ionic fluid or gel using electrodes. Upon application of a voltage potential to the electrodes, a
flow of ions from the fluid/gel into or out of the conductive polymer can induce a shape change
of the polymer. Typically, a voltage potential in the range of about 1V to 4kV can be applied
depending on the particular polymer and ionic fluid or gel used. It 1s important to note that EAPs

do not change volume when energized, rather they merely expand in one direction and contract

1n a transverse direction.

[0033] One of the main advantages of EAPs 1s the possibility to electrically control and fine-tune
their behavior and properties. EAPs can be deformed repetitively by applying external voltage
across the EAP, and they can quickly recover their original configuration upon reversing the
polarity of the applied voltage. Specific polymers can be selected to create ditferent kinds of
moving structures, including expanding, linear moving, and bending structures. The EAPs can

also be paired to mechanical mechanisms, such as springs or flexible plates, to change the effect
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of the EAP on the mechanical mechanism when voltage 1s applied to the EAP. The amount of
voltage delivered to the EAP can also correspond to the amount of movement or change 1n
dimension that occurs, and thus energy delivery can be controlled to effect a desired amount of

change.

[0034] There are two basic types of EAPs and multiple configurations for each type. The first
type is a fiber bundle that can consist of numerous fibers bundled together to work 1n
cooperation. The fibers typically have a size of about 30-50 microns. These fibers may be
woven into the bundle much like textiles and they are often referred to as EAP yarn. In use, the
mechanical configuration of the EAP determines the EAP actuator and its capabilities for
motion. For example, the EAP may be formed into long strands and wrapped around a single
central electrode. A flexible exterior outer sheath will form the other electrode for the actuator
as well as contain the 1onic fluid necessary for the function of the device. When voltage 1s
applied thereto, the EAP will swell causing the strands to contract or shorten. An example of a

commercially available fiber EAP material is manufactured by Santa Fe Science and Technology

and sold as PANION™ fiber and described in U.S. Pat. No. 6,667,825.

[0035] FIGS. 2A and 2B illustrate one exemplary embodiment of an EAP actuator 100 formed

from a fiber bundle. As shown, the actuator 100 generally includes a flexible conductive outer

sheath 102 that is in the form of an elongate cylindrical member having opposed insulative end

caps 102a, 102b formed thereon. The conductive outer sheath 102 can, however, have a variety
of other shapes and sizes depending on the intended use. As is further shown, the conductive

outer sheath 102 is coupled to a return electrode 108a, and an energy delivering electrode 108b

extends through one of the insulative end caps, e.g., end cap 102a, through the inner lumen of the
conductive outer sheath 102, and into the opposed insulative end cap, e.g., end cap 102b. The
energy delivering electrode 108b can be, for example, a platinum cathode wire. The conductive
outer sheath 102 can also include an ionic fluid or gel 106 disposed therein for transferring
energy from the energy delivering electrode 108b to the EAP fibers 104, which are disposed
within the outer sheath 102. In particular, several EAP fibers 104 are arranged 1n parallel and

extend between and into each end cap 102a, 120b. As noted above, the fibers 104 can be

arranged in various orientations to provide a desired outcome, €.g., radial expansion or
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contraction, or bending movement. In use, energy can be delivered to the actuator 100 through
the active energy delivery electrode 108b and the conductive outer sheath 102 (anode). The
energy will cause the ions in the ionic fluid to enter into the EAP fibers 104, thereby causing the
fibers 104 to expand in one direction, e.g., radially such that an outer diameter ot each tiber 104
increases, and to contract in a transverse direction, e.g., axially such that a length of the fibers
decreases. As a result, the end caps 102a, 120b will be pulled toward one another, thereby

contracting and decreasing the length of the flexible outer sheath 102.

[0036] Another type of EAP is a laminate structure, which consists of one or more layers of an
EAP, a layer of ionic gel or fluid disposed between each layer of EAP, and one or more flexible
conductive plates attached to the structure, such as a positive plate electrode and a negative plate
electrode. When a voltage is applied, the laminate structure expands in one direction and
contracts in a transverse or perpendicular direction, thereby causing the tlexible plate(s) coupled
thereto to shorten or lengthen, or to bend or flex, depending on the configuration of the EAP
relative to the flexible plate(s). An example of a commercially available laminate EAP matenal

is manufactured by Artificial Muscle Inc, a division of SRI Laboratories. Plate EAP material,

referred to as thin film EAP, is also available from EAMEX of Japan.

[0037] FIGS. 3A and 3B illustrate an exemplary configuration of an EAP actuator 200 formed
from a laminate. Referring first to FIG. 3 A, the actuator 200 can include multiple layers, e.g.,
five layers 210, 210a, 210b, 210c, 210d are shown, of a laminate EAP composite that are atfixed
to one another by adhesive layers 103a, 103b, 103c, 103d disposed therebetween. One of the

layers, i.e., layer 210, is shown in more detail in FIG. 3B, and as shown the layer 210 includes a

first flexible conductive plate 212a, an EAP layer 214, an 1onic gel layer 216, and a second
flexible conductive plate 212b, all of which are attached to one another to form a laminate
composite. The composite can also include an energy delivering electrode 218a and a return
electrode 218b coupled to the flexible conductive plates 212a, 212b, as turther shown 1n FIG.
3B. In use, energy can be delivered to the actuator 200 through the active energy delivering
electrode 218a. The energy will cause the ions in the ionic gel layer 216 to enter into the EAP
layer 214, thereby causing the layer 214 to expand in one direction and to contract in a transverse
direction. As a result, the flexible plates 212a, 212b will be forced to tlex or bend, or to
otherwise change shape with the EAP layer 214.

-9 -
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[0038] Returning to FIGS. 1A and 1B, either type of actuator can be used to form the electrically
expandable element 24, however in an exemplary embodiment the electrically expandable
element 24 is formed using an EAP laminate, or a composite EAP formed from multiple
laminate layers. The electrically expandable element 24 can be formed by rolling the EAP
laminate around the elongate member 22 of the PEG tube 20. An adhesive or other mating
technique can be used to attach the electrically expandable element 24 to the elongate member
22. While not shown, the expandable element 24 can be disposed within the inner lumen 32 of
the elongate member 22, or alternatively the expandable element 24 can be integrally formed
with the elongate member 22. The position of the expandable element 24 relative to the
longitudinal axis of the elongate member 22 can also vary. For example, the expandable element
24 can be positioned around the distal-most end of the elongate member 22, or 1t can be

positioned at a location proximal to the distal-most end, as shown in FIGS. 1A and 1B.

[0039] In use the orientation of the electrically expandable element 24 can be configured to
allow the expandable element 24 to radially expand and axially contract upon the application of
energy thereto. In particular, when energy is delivered to the electrically expandable element 24,
the electrically expandable element 24 can increase from an initial diameter d; in an unexpanded
position (e.g., in the absence of electrical energy), as shown in FIG. 1A, to an increased diameter
d, in an expanded position, as shown in FIG. 1B. The dimensional change in the expandable
element 24 will allow the expandable element 24 to function as an anchor, engaging tissue to
prevent passage thereof through an opening formed in the tissue. A person skilled in the art will
appreciate that various techniques can be used to deliver energy to the electrically expandable
element 24. For example, the expandable element 24 can be coupled to a return electrode and a
delivery electrode that is adapted to communicate energy from a power source to the actuator.
The electrodes can extend through the inner lumen 32 formed in the elongate member 22, be
embedded in the sidewalls of the elongate member 22, or they can extend along an external
surface of the elongate member 22. The electrodes can couple to a battery source disposed
within a housing coupled to or formed in the proximal end 26 of the tube 20, or they can extend

through an electrical cord extending from the proximal end 26 of the tube 20 and adapted to

couple to an electrical outlet.
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[0040] While the PEG tube 20 shown in FIGS. 1A and 1B has only one electrically expandable
element 24, as previously indicated the PEG tube 20 can include any number of electrically
expandable elements located at various positions along the elongate member 22. By way of non-
limiting example, FIG. 4 illustrates another embodiment of a PEG tube 20" having three
electrically expandable elements 24, 50', 52'. In particular, a first expandable element 24" 1s
coupled to the distal end 28' of the elongate member 22', and a second expandable 50’ is coupled
to the distal end 28' of the elongate member 22' at a location proximal to the first electrically
expandable element 24'. Such a configuration allows the first and second expandable elements
24' 50" to be positioned on opposed sides of a tissue and to be electrically expanded to maintain
the distal end 28' of the elongate member 22' in a substantially fixed position relative to the
tissue. The PEG tube 20' can also optionally or alternatively include a third expandable element
52', which can be coupled to the proximal end 26' of the elongate member 22'. In the 1llustrated
embodiment, the third expandable element 52' is positioned just distal to the cap member 30'.
Such a configuration allows the expandable element 52' and the cap member 30’ to engage tissue

positioned therebetween.

[0041] FIGS. 5A-5F illustrate one exemplary method for using a PEG tube, such as PEG tube 20
of FIGS. 1A and 1B. As indicated above, in an exemplary embodiment the PEG tube 20 can be
use to deliver and/or withdraw fluids from a stomach pouch, such as following a gastric bypass
procedure. A person skilled in the art will appreciate that the PEG tube 20 can also be used in a

variety of other medical procedures.

[0042] During a PEG tube implantation procedure, a first opening 62 can be formed in a first
tissue, e.g., the abdominal wall 60 of a patient, as shown in FIG. 5SA. With the electrically

expandable element 50 in the initial, radially contracted configuration (€.g., non-electrically
activated), the elongate member 22 can be advanced into and through the opening 62, as shown
in FIG. 5B. The distal end 28 of the PEG tube 20 is then passed through a second opening 66
that is formed in a second tissue, e.g., the stomach wall 64 of the patient, as shown 1n FIG. 5C.
Laparoscopic graspers can be used to manipulate the elongate member 22 relative to the stomach

wall 64 to guide the distal end 28 through the opening 66 in the stomach wall 64 and into the

stomach pouch.
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[0043] Once the electrically expandable element 24 is inserted into the stomach pouch, electrical
energy can be delivered to the electrically expandable element 24 to cause a change in the
geometry of the element 24, and more preferably to cause the expandable element 24 to radially
expand and thereby engage the tissue 64 (e.g., to limit or prevent passage of the electrically
expandable element 24 through the opening 66 in the stomach wall 64), as shown 1n FIG. 5D. In
an exemplary embodiment, the expandable element 24 is expanded to a desired size by limiting
the amount of energy delivered thereto, as the amount of energy can correlate to the amount of
expansion that occurs. Energy delivery can be controlled using, for example, a controller 36
(e.g., a button, knob, or dial) coupled to the energy source. FIG. SE illustrates the device 20
fully implanted. Energy delivery is maintained to maintain the distal end 28 of the elongate
member 22 within the stomach, and the end cap 30 at the proximal end 26 of the elongate

member 22 rests against the external tissue surface 60.

[0044] In another embodiment, once the PEG tube 20 has been implanted within a stomach
pouch of a patient, the PEG tube 20 can be used to adjust a position of the stomach pouch within
the patient. For example, the PEG tube 20 can be used to move the stomach pouch wall 64 1n
proximity to the abdominal wall 64 to allow the stomach pouch wall 64 to attach to the
abdominal wall 64. As shown in FIG. 5F, this can be achieved by pulling the elongate member
22 in a proximal direction to cause the expanded element 24 to engage and move the stomach
wall 64 in proximity to (e.g., in contact with) the abdominal wall 60. The proximal end 26 of the
elongate member 22 can then be clamped or attached to a support to maintain the PEG tube 20 In
the retracted position. Eventually, adhesions will form between the walls 60, 64 to permanently

secure the stomach pouch wall 64 to the abdominal wall 64.

[0045] One skilled in the art will appreciate further features and advantages of the invention

based on the above-described embodiments.
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CLAIMS:

1. A percutaneous endoscopic gastrostomy (PEG) tube, comprising:

an elongate member having a proximal end adapted to be positioned adjacent to a
tissue surface, a distal end adapted to be inserted through tissue and into a body lumen, and
an inner lumen extending between the proximal and distal ends and adapted to allow fluid
flow therethrough; and

an electrically expandable element coupled to the distal end of the elongate member
and extending circumferentially therearound such that opposed ends of the electrically
expandable element contact and abut and configured to change dimensionally upon delivery

of electrical energy thereto.

2. The PEG tube of claim 1, wherein the electrically expandable element comprises an

electroactive polymer actuator.

3. The PEG tube of claim 1, wherein the electrically expandable element has a diameter

that is adapted to increase in correlation with an amount of energy delivered thereto.

4, The PEG tube of claim 1, wherein the electrically expandable element is configured

to radially expand upon delivery of electrical energy thereto.

5. The PEG tube of claim 4, wherein the electrically expandable element comprises at
least one electroactive polymer composite having at least one flexible conductive layer, an

electroactive polymer layer, and an ionic gel layer.

6. The PEG tube of claim 1, further comprising a cap member coupled to the proximal
end of the elongate member and adapted to limit passage of the elongate member through

tissue.
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7. The PEG tube of claim 4, wherein the cap member slideably couples to the elongate
member.
8. The PEG tube of claim 1, wherein the electrically expandable element comprises a

first electrically-expandable element, and the PEG tube further comprises a second
electrically expandable element coupled to the distal end of the elongate member and
configured to change dimensionally upon delivery of electrical energy thereto, the second
electrically expandable element being positioned just proximal to the first electrically-
expandable element such that the first and second electrically expandable elements are

adapted to engage tissue therebetween when energy is delivered thereto.

9. The PEG tube of claim 1, wherein the electrically expandable element comprises a
first electrically expandable element, and the PEG tube further comprises a second
electrically expandable element coupled to the proximal end of the elongate member and

configured to change dimensionally upon delivery of electrical energy thereto.

10.  The PEG tube of claim 9, wherein the second expandable element is positioned distal

to a cap member coupled to the proximal end of the elongate member.

11. A percutaneous endoscopic gastrostomy (PEG) tube, comprising: a hollow e¢longate

member having a proximal portion with a flange formed thereon and adapted to be
positioned adjacent to a tissue surface, and a distal portion adapted to be inserted though
tissue: and at least one electroactive polymer actuator extending circumferentially around
the hollow elongate member such that opposed ends of the electroactive polymer actuator

contact and abut and having a diameter that is adapted to be selectively increased when

energy is delivered thereto to engage tissue.

12 The PEG tube of claim 11, wherein the at least one electroactive polymer actuator
comprises an electroactive polymer composite having at least one flexible conductive layer,

an electroactive polymer layer, and an ionic gel layer.
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13. The PEG tube of claim 11, wherein at least one electroactive polymer actuator 1s

coupled to the distal portion of the hollow elongate member.

14, The PEG tube of any one of claims 1-13 for insertion into a body lumen.
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