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APPARATUS AND METHOD FOR PLACEMENT OF DEVICE ALONG WALL OF A
BODY LUMEN

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims benefit of Provisional Application No. 62/166,836, filed
May 27, 2015, the entire contents of which are hereby incorporated by reference as if fully set
forth herein, under 35 U.S.C. §119¢e).

BACKGROUND

[0002] A laryngectomy is a medical procedure involving the removal of the larynx and
separation of the airway from the mouth, nose and esophagus and creation of a stoma
(artificial opening into a hollow organ) that allows air into the trachea through the neck. In a
total laryngectomy the entire larynx is removed and in a partial laryngectomy only a portion
is taken out. These procedures are usually performed in cases of laryngeal cancer. However,
many laryngeal cancer cases are now treated only with more conservative surgeries through
the mouth or with radiation and/or chemotherapy. Consequently, a laryngectomy is now
generally performed when those treatments fail to conserve the larynx or there is sufficient
destruction by the cancer that would prevent normal function of the larynx once the cancer is
destroyed. Laryngectomies are also performed on individuals with other types of head and
neck cancer or severe swallowing problems.
[0003] Voice functions in patients who have had a laryngectomy are generally achieved
using a voice prosthesis that is placed in a tracheo-esophageal puncture between the trachea
and the esophagus. The voice prosthesis is a one-way air valve that allows air to pass from
the lungs/trachea to the esophagus when the patient covers the stoma. The redirected air
vibrates the esophageal tissue producing a hoarse voice in lieu of the larynx.
[0004] Traditionally, the tracheo-esophageal puncture is created and a guide wire is inserted
through the puncture using a rigid esophagoscope. The voice prosthesis is subsequently

positioned in the tracheo-esophageal puncture with the help of the guide wire.
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SUMMARY
[0005] The traditional procedure has a number of shortcomings. For example, it can be
difficult or impossible to place a rigid esophagoscope in a patient who has had a
laryngectomy due to scarring, and cervical spine mobility issues etc. In addition, the
esophagus is in a collapsed state when the tracheo-esophageal puncture is created in the
anterior wall of the esophagus. When collapsed, the posterior wall of the trachea is
proximate, and may abut the anterior wall, putting it in close proximity with the needle
puncturing the anterior wall. A great deal of caution must be exercised to avoid puncturing
the posterior wall during the procedure. Accordingly, there remains room for improvement in
the procedure and more generally, in the art related to placing an instrument or creating
punctures through a wall of a body lumen.
[0006] A method and apparatus are disclosed for a placement of a device along a wall of a
body lumen, such as placement of a puncturing instrument and or placement of a guidewire
into puncture through the wall of the body lumen..
[0007] In a first set of embodiments, an apparatus includes a expandable structure formable
into three dimensional shapes having a range of diameters and corresponding lengths; a
movable component moveable between a range of positions effecting the range of diameters;
and a mechanical linkage disposed between the movable component and the expandable
structure. The expandable structure is sized to fit inside a working channel of an endoscope
when the expandable structure is collapsed. The mechanical linkage is configured to move
the collapsed expandable structure through the working channel to a selected location past a
distal end of the endoscope and to increase and decrease a diameter of the expandable
structure in response to changes in the position of the movable component when the
expandable structure is at the selected location.
[0008] In some embodiments of the first set, the mechanical linkage further includes an
actuator cable secured to a distal end of the expandable structure. The actuator cable is
configured to be pulled to effect movement of the distal end of the expandable structure
toward a proximal end of the expandable structure to expand the expandable structure and to
be pushed to effect movement of the distal end of the expandable structure away from the
proximal end to collapse the expandable structure in response to movement of the movable
component. The mechanical linkage may further include a hollow conduit surrounding the

actuator cable.
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[0009] In some embodiments of the first set, the mechanical linkage further includes a
sheath. The sheath moves relative to the expandable structure in response to movement of
the movable component. Movement of the sheath that exposes the expandable structure
permits the expandable structure to expand under a natural resilience of the expandable
structure, and movement of the sheath that envelope the expandable structure collapses the
expandable structure against the natural resilience.

[0010] In some embodiments of the first set, the endoscope includes a flexible endoscope,
and the mechanical linkage is characterized by a resilience that enables the mechanical
linkage to flex with the flexible endoscope.

[0011] In asecond set of embodiments, a system includes a flexible endoscope comprising
a working channel; a expandable structure; a handle; and a flexible mechanical linkage
disposed between the handle and the expandable structure. The mechanical linkage is
configured to: deliver the expandable structure through the working channel to a location
beyond the working channel; to increase a diameter of the expandable structure at the
location in response to a first input from the handle; and to decrease the diameter of the
expandable structure at the location in response to a second input from the handle. In some
embodiments of the second set, decreasing the diameter is effective to capture an object
disposed in an opening of the expandable structure.

[0012] In some embodiments of the second set, the handle further includes a movable
component, wherein the first input includes movement of the movable component in a first
direction and the second input includes movement of the movable component in a second
direction different than the first direction.

[0013] In some embodiments of the second set, the mechanical linkage further includes a
flexible actuator cable secured to a distal end of the expandable structure and configured to
be pulled to effect movement of the distal end toward a proximal end of the expandable
structure in response to the first input to expand the expandable structure. The actuator cable
is also configured to be pushed to effect movement of the distal end away from the proximal
end in response to the second input to collapse the expandable structure.

[0014] In some embodiments of the second set, the mechanical linkage further includes a
sheath and actuator cable together configured to: move the expandable structure out of the
sheath in response to the first input, thereby enabling the expandable structure to expand via a

natural resilience of the expandable structure; and to retract the expandable structure into the
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sheath in response to the second input and against the natural resilience, thereby collapsing
the expandable structure.

[0015] In some embodiments of the second set, the expandable structure includes a mesh
comprising a plurality of elongated filaments that cooperate to enable the increasing and
decreasing of the diameter of the expandable structure.

[0016] In some embodiments of the second set, a magnitude of the increase in the diameter is
proportional to a magnitude of the first input, and a magnitude of the decrease in the diameter
is proportional to a magnitude of the second input.

[0017] In a third set of embodiments, a method includes: inserting a flexible endoscope into
a body lumen; inserting a expandable structure through a working channel in the endoscope
to a location past a distal end of the endoscope; expanding the expandable structure, thereby
imparting radial force to the body lumen and expanding the body lumen at the location of the
expandable structure.

[0018] In some embodiments of the third set, the body lumen is an esophagus and the
method includes piercing the esophagus with a puncture device while the expandable
structure is expanded. In some of these embodiments, the method includes inserting a
flexible guide wire through the puncture device and into the expandable structure while the
expandable structure is expanded. In some of these embodiments, the method includes
collapsing the expandable structure to capture the flexible guide wire therein. In some of
these embodiments, the method includes removing the expandable structure while the flexible
guide wire is captured in the collapsed expandable structure.

[0019] In a fourth set of embodiments, an apparatus includes a expandable structure
formable into three dimensional shapes having a range of diameters and corresponding
lengths, wherein the expandable structure is sized to fit inside a working channel of an
endoscope when the expandable structure is collapsed; a movable component moveable
between a range of positions effecting the range of diameters; and a means for expanding the
expandable structure disposed between the movable component and the expandable structure,
wherein the means is configured to move the collapsed expandable structure through the
working channel to a selected location past a distal end of the endoscope and to increase and
decrease a diameter of the expandable structure in response to changes in the position of the
movable component when the expandable structure is at the selected location.

[0020] Still other aspects, features, and advantages are readily apparent from the following

detailed description, simply by illustrating a number of particular embodiments and
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implementations, including the best mode contemplated for carrying out the invention. Other
embodiments are also capable of other and different features and advantages, and its several
details can be modified in various obvious respects, all without departing from the spirit and
scope of the invention. Accordingly, the drawings and description are to be regarded as
illustrative in nature, and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS
[0021] Embodiments are illustrated by way of example, and not by way of limitation, in the
figures of the accompanying drawings in which like reference numerals refer to similar
elements and in which:
[0022] FIG. 1 schematically depicts an example embodiment of an apparatus for placement
of a trachea-esophageal prosthesis;
[0023] FIG. 2 schematically depicts a system including the apparatus of FIG. 1 and a flexible
endoscope;
[0024] FIG. 3 schematically illustrates a step of inserting an example embodiment of the
apparatus into an esophagus;
[0025] FIG. 4 schematically illustrates a step of expanding an expandable mesh of the
apparatus of FIG. 3;
[0026] FIG. 5 schematically illustrates a step of inserting of a wire into the expanded
expandable mesh of Fig. 4;
[0027] FIG. 6 schematically illustrates a step of collapsing the expandable mesh onto the
wire of FIG. 5;
[0028] FIG. 7 schematically illustrates a step of retracting the system and wire of FIG. 6
from the esophagus;
[0029] FIG. 8 schematically illustrates a step of inserting an alternate example embodiment
of the apparatus into an esophagus;
[0030] FIG. 9 schematically illustrates a step of moving the apparatus of FIG. 8 through the
endoscope of FIG. 8 to expose the expandable mesh;
[0031] FIG. 10 schematically illustrates a step of expanding the expandable mesh of the
apparatus of FIG. 9;
[0032] FIG. 11 schematically illustrates a step of inserting of a wire into the expanded
expandable mesh of FIG. 10;
[0033] FIG. 12 schematically illustrates a step of collapsing the expandable mesh onto the
wire of FIG. 11;
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[0034] FIG. 13 schematically illustrates a step of retracting the system and wire of FIG. 12
from the esophagus;
[0035] FIG. 14 is a flow chart of an example embodiment of a method of placing a wire
through a wall of an esophagus using an example embodiment of the apparatus;
[0036] FIG. 15A and FIG. 15B are block diagrams that illustrate an example prior art
flexible endoscope used in a system embodiment;
[0037] FIG. 16A and FIG. 16 are block diagrams that illustrate an example apparatus with
collapsed and expanded expandable mesh, respectively, according to an embodiment;
[0038] FIG. 16C is a photograph that illustrates an example crisscrossed wire mesh in
expanded state, according to an embodiment;
[0039] FIG. 16D is a block diagram that illustrates an example helix wire mesh in expanded
state, according to an embodiment;
[0040] FIG. 16E and FIG. 16F are photographs that illustrate an example mesh in expanded
state without and with a light source, respectively, according to various embodiments;
[0041] FIG. 16F is a photograph that illustrates an example handle with a moveable ring as
the moveable component, according to an embodiment;
[0042] FIG. 17A and FIG. 17B are block diagrams that illustrate an example system using
the prior art endoscope of FIG. 15A as inserted in an esophagus prior to and after deployment
of the expandable mesh, respectively, according to an embodiment;
[0043] FIG. 18A and FIG. 18B are a block diagrams that illustrate another example system
that includes a light source before and after puncturing with a trocar and insertion of a
flexible guide wire, according to an embodiment;
[0044] FIG. 19A is a photograph from a camera in a working channel of an endoscope,
which illustrates a deployed expanded wire mesh inside the esophagus of a cadaver,
according to an embodiment; and
[0045] FIG. 19B is a photograph from a camera in a working channel of an endoscope,
which illustrates a deployed expanded wire mesh inside the esophagus of a cadaver
penetrated by a trocar, according to an embodiment.

DETAILED DESCRIPTION
[0046] A method and apparatus are described for an apparatus and method for placement of
wire through a wall of a body lumen. In the following description, for the purposes of
explanation, numerous specific details are set forth in order to provide a thorough

understanding of the present invention. It will be apparent, however, to one skilled in the art
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that the present invention may be practiced without these specific details. In other instances,
well-known structures and devices are shown in block diagram form in order to avoid
unnecessarily obscuring the present invention.

[0047] Notwithstanding that the numerical ranges and parameters setting forth the broad
scope are approximations, the numerical values set forth in specific non-limiting examples
are reported as precisely as possible. Any numerical value, however, inherently contains
certain errors necessarily resulting from the standard deviation found in their respective
testing measurements at the time of this writing. Furthermore, unless otherwise clear from
the context, a numerical value presented herein has an implied precision given by the least
significant digit. Thus a value 1.1 implies a value from 1.05 to 1.15. The term “about” is
used to indicate a broader range centered on the given value, and unless otherwise clear from
the context implies a broader range around the least significant digit, such as “about 1.1”
implies a range from 1.0 to 1.2. If the least significant digit is unclear, then the term “about”
implies a factor of two, e.g., “about X implies a value in the range from 0.5X to 2X, for
example, about 100 implies a value in a range from 50 to 200. Moreover, all ranges disclosed
herein are to be understood to encompass any and all sub-ranges subsumed therein. For
example, a range of "less than 10" can include any and all sub-ranges between (and
including) the minimum value of zero and the maximum value of 10, that is, any and all sub-
ranges having a minimum value of equal to or greater than zero and a maximum value of
equal to or less than 10, e.g., 1 to 4.

[0048] Some embodiments of the invention are described below in the context of forming a
tracheo-esophageal puncture and placement of a voice prosthesis. However, the invention is
not limited to this context. In other embodiments apparatus and method are used to support
any body lumen or cavity, including, but not limited to a windpipe, a stomach, an intestine, a
colon, a vein, and an artery, among others, e.g., for placing percutaneous feeding tube in the
stomach or small bowel.

1. Overview

[0049] A unique and innovative apparatus and method have been devised for locating a
device along a wall of a body lumen, such as for puncturing or placing a guide wire through a
wall of a body lumen. The apparatus and method may be used in a range of procedures
including, but not limited to placement of a guide wire subsequently used to aid in the
placement of a voice prosthesis in post laryngectomy patients. The disclosed apparatus

provides any one or more of several functions, including but not limited to: distending a
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lumen wall; providing support to counter forces that would tend to collapse the lumen wall;
isolating one portion of the lumen wall from another; safely puncturing one wall of the
lumen, and capturing an object present in or inserted into the lumen. In an example
embodiment, the apparatus includes an expandable structure at a distal end that expands and
contracts to achieve the above functions, plus a handle at a proximate end, and a link
therebetween. In an example embodiment, the expandable structure is an expandable mesh.
In addition, the apparatus is flexible and may be part of a system that includes the apparatus
and a flexible endoscope and/or an esophagoscope.

[0050] An endoscope is a flexible instrument used to examine the interior of a hollow organ
or cavity (collectively referenced herein as a lumen) of the body. Endoscopes commonly
include plural channels therethrough. FIG. 15A and FIG. 15B are block diagrams that
illustrate an example prior art flexible endoscope 1501 used in a system embodiment For
example, an endoscope 1501 may include a light channel 1503 to house a light source and/or
camera used to light and visualize a target area. FIG. 15A presents a side view and FIG. 15B
and end view. The endoscope may also include a suction and irrigation channel 1504 to
control fluids at the target area. In addition, the endoscope may further include a working
channel 1504 that may be used for placement of an instrument or prosthesis. Endoscopes
may include more or fewer channels that have the same and/or different functions
respectively. Gastroscopes are flexible endoscopes suited for use in the esophagus. Example
endoscopes include, but are not limited to, the EVIS EXERA III GIF-HQ190 gastroscope
manufactured by Olympus, and the i10 Series HD+, 90i Series HD Video, and the 90k Series
video gastroscopes manufactured by Pentax Medical.

[0051] As a system, the endoscope may be inserted into the body lumen such that a distal
end of the endoscope reaches a selected location. An apparatus that incudes an expandable
mesh, such as described below with reference to FIG. 1, may be inserted through a working
channel 1504 in the endoscope 1501 to position the expandable mesh portion of the
apparatus at the selected location. The expandable mesh may then be expanded and
collapsed at-will using a handle connected to the expandable mesh by a link such as a
mechanical linkage. The camera using the light channel 1503 on the endoscope 1501
provides visualization not possible with a traditional rigid esophagoscope, thereby improving
the procedure.

[0052] In an example embodiment the expandable mesh expands the lumen, as depicted

below with reference to FIG. 4, then provides support for an anterior wall of the lumen
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against a collapsing force generated by a puncture device, such as a trocar or needle, that
punctures the anterior wall of the lumen. Maintaining this support also keeps the posterior
wall of the lumen away from the puncture site in the anterior wall. This reduces the chances
of the puncture device traveling too far and harming the posterior wall. This also allows
improved visualization of the entire prosthesis placement procedure from a camera in another
working channel. The expandable mesh is then collapsed onto a guide wire or other device
inserted through the site of the puncture and into the expandable mesh, as depicted below
with reference to FIG. 5 and FIG. 6, thereby capturing the guide wire or other device in the
expandable mesh. After the guide wire or other device is captured, the endoscope, the
apparatus, and an end of the guide wire or other device may be retracted from the esophagus,
as depicted below with reference to FIG. 7. The result is a guide wire or other device that
enters the lumen through the puncture and exits the lumen through an opening used to insert
the endoscope. In this example embodiment, the guide wire or device may then be used to
help position a device in the vicinity of the puncture.

[0053] In an alternate example embodiment, instead of being inserted to the selected
location through the working channel, the apparatus is inserted in parallel with the
endoscope. In this manner the benefits provided by the endoscope, including the imaging and
fluid control will be realized as will the benefits of the apparatus, but without the need to
insert the apparatus through a working channel of the endoscope.

2. Example Embodiments

[0054] FIG. 1 schematically depicts an example embodiment of an apparatus 100 for
placement of device along a body lumen. The apparatus includes an expandable structure
102 at a distal end 104, a movable component 106 at a proximal end 108, and a mechanical
linkage 110 therebetween. The expandable structure 102 may be in an expanded state 120 or
a collapsed state 122 in two or three dimensions. It is advantageous for the structure 102 to
expand in 3 dimensions in order to make it easier to locate and puncture the structure from
outside the lumen in some embodiments, as described in more detail below. The movable
component 106 is movable between a range of positions including a first position 124
associated with the expanded state 120 and a second position 126 associated with the
collapsed state 122. Accordingly, the state of the expandable structure 102 may be controlled
by moving the movable component 106 from one position to another position. In an example
embodiment, moving the movable component 106 from the first position 124 to the second

position 126 collapses the expandable structure 102. Similarly, moving the movable
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component 106 from the second position 126 to the first position 124 expands the expandable
structure 102. In an example embodiment, a structure diameter D of the expandable
structure, which includes a collapsed diameter 130 and an expanded diameter 132, is
proportional to a location of the movable component 106 along the range of positions 134.
[0055] In some embodiment’s, the structure has a natural unflexed state that is either the
collapsed state or the expanded state or some intermediate state; and when the expandable
structure is not constrained, that is, no substantial external forces are applied, the structure
assumes its natural unflexed state and the movement component assumes a corresponding
position.

[0056] Although the first position 124 and the second position 126 are shown on the left and
right respectively, any other configuration may be used. For example, they may be reversed.
Alternately, the movable component may be a rotary dial and the positions may be different
angular positions of the rotary dial. Movement along the range of positions 134 may be
accomplished by manual input, or via electrical or hydraulic mechanism etc.

[0057] Likewise, the mechanical linkage 110 may be a cable and conduit/sheath arrangement
as disclosed below, or any other mechanical apparatus and may include cables, pulleys,
levers, chains etc. Alternately, or in addition, the mechanical linkage may include electrical
and/or hydraulic mechanisms that convey input from the movable component 106 to the
expandable structure 102. In various embodiments described below where an element, such
as an actuator cable, is pushed, the use of these mechanical linkages produces a result that can
push or pull on a proximal or distal end or intermediate portion of the expandable structure.
Similarly, in some embodiments below when an element is pulled, the use of these
mechanical linkages produces a result that can pull or push on a proximal or distal end or
intermediate portion of the expandable structure.

[0058] In an example embodiment the expandable structure 102 comprises an expandable
mesh 140. However, the expandable structure 102 need not be limited to an expandable
mesh 140. The expandable structure 102 may any configuration capable of fitting inside a
working channel of an endoscope when collapsed and also capable of expanding by an
amount sufficient to distend/expand a lumen (e.g. an esophagus). In addition, once expanded,
the expandable structure 102 should be structurally sufficient to support the distended lumen
against forces that would tend to collapse the distended lumen.

[0059] Embodiments disclosed herein describe the expandable structure 102 as a expandable

mesh, but another type of expandable structure could be substituted that is in keeping with the

-10-



WO 2016/191419 PCT/US2016/033917

concepts presented herein. In an example embodiment, the expandable mesh is composed of
filaments 142 of a flexible material. Example materials include coated metals, uncoated
metals, and plastics. In an example embodiment the filaments 142 are composed of Nitinol®
Wire manufactured by 3M Unitek™ of Monrovia, CA. Other acceptable materials include
floroplastics such as PTFE (PolyTetraFluoroEthylene), FEP (FluoroEthylenePropylene), PFA
(Per Fluor Alkoxy), ETFE (Ethylene Tetra Fluoro Ethylene Copolymer), E-CTFE (Ethylene-
Chloro Tri Fluoro Ethylene), PVDF (Poly Vinylidene Fluoride), and PVF (Polyvinyl
Fluoride) and PTFE coated stainless steel wire. The filaments may be wound, spiraled, or
configured in any arrangement that changes diameter in response to an input.

[0060] In an example embodiment, the filaments 142 are within their elastic deformation
ranges when in the expanded state 120 as well as the collapsed state 122. In such an
arrangement, an application of force changes the shape and associated diameter of the
expandable mesh without harm to the expandable mesh 140. This enables repeated
expansion and collapse of the expandable mesh 140 during a single procedure and reuse for
different procedures without harm to the expandable mesh 140.

[0061] In an example embodiment, the filaments 142 are not within their elastic
deformation ranges when in the expanded state 120 as well as the collapsed state 122. As a
result, the expansion and/or collapse of the expandable mesh 140 will deform the filaments
142. This, in turn, will deform the expandable mesh 140. In instances when the expandable
mesh 140 need not remain in its original state, this is acceptable. For example, the filaments
142 may be within their elastic range when the expandable mesh 140 is in the collapsed state
122. Upon expanding, the filaments 142 plastically deform such that full collapse into the
original state is not possible. However, when collapse by an amount sufficient to capture a
wire in the expandable mesh 140 is possible, the expandable mesh 140 is adequate. This is
because in its original, fully collapsed state, the expandable mesh 140 must fit into the
working channel of the endoscope for insertion to the location in the esophagus. The
expandable mesh 140 need not fit back into the working channel once the wire is captured.
Instead, the endoscope can be withdrawn from the esophagus with the partially collapsed
expandable mesh 140 only partially retracted into the working channel, or not retracted at all,
without any harm to the esophagus. The deformed expandable mesh 140 may then be
discarded.

[0062] Flexible materials include a natural resilience, and the expandable mesh 140 may

take advantage of a natural resilience of the filaments 142 in its construction. In an example

11-



WO 2016/191419 PCT/US2016/033917

embodiment, a resiliency of the expandable mesh 140 may urge the expandable mesh 140
into a shape termed a natural shape. As used herein, the natural shape of the expandable
mesh 140 is the shape taken as part of the apparatus 100 in the absence of application of an
external force. Accordingly, an application of external force changes the shape and
associated diameter of the expandable mesh against the natural resilience of the expandable
mesh 140. For example, the natural state may be one where the resilience of the filaments
142 urges the expandable mesh 140 into the collapsed state 122. Consequently, force is
applied via the movable component 106 to expand the expandable mesh 140. Alternately, the
natural state may the expanded state 120, and force may be applied to collapse the
expandable mesh 140. The natural state need not be limited to either the expanded state 120
or the collapsed state 122. Instead, the natural state may any shape in between. In such a
configuration force is applied in one direction to expand the expandable mesh 140 from an
intermediate natural position, and a different direction to collapse the expandable mesh 140
from the intermediate natural position.

[0063] FIG. 16A and FIG. 16 are block diagrams that illustrate an example apparatus with
collapsed and expanded expandable mesh, respectively, according to an embodiment. This
embodiment includes a handle 1613, a tube 1612 and a cable 1614, with a distal end 1615
and an expandable mesh 1611. In this embodiment, the mesh 1611 comprises longitudinal
filaments 1616 and transverse filaments 1617. In some embodiments, the transverse filaments
1617 provide a restorative force to return mesh 1611 to a natural collapsed state depicted in
FIG. 16A. In some embodiments, the longitudinal filaments 1616 provide a restorative force
to return the mesh 1611 to an expanded state depicted in FIG. 16B in stead of or in addition
to the restorative force provided by transverse filaments 1617.

[0064] FIG. 16C is a photograph that illustrates an example crisscrossed wire mesh 1621 in
expanded state, according to an embodiment. FIG. 16D is a block diagram that illustrates an
example helix wire mesh 1631 in expanded state, according to an embodiment. FIG. 16E and
FIG. 16F are photographs that illustrate an example mesh in expanded state without and with
a light source, respectively, according to various embodiments. FIG. 16F is a photograph that
illustrates an example handle with a moveable ring as the moveable component, according to
an embodiment.

[0065] FIG. 2 schematically depicts a system 200 including the apparatus 100 of FIG. 1 and
a flexible endoscope 202. Visible within the flexible endoscope 202 is a working channel

204 having an inner diameter that varies among endoscopes. Common working channel
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diameters 206 range in diameter up to about 2.8 to 3.0 millimeters. Consequently, those parts
of the apparatus 100 inserted into the endoscope’s working channel 204, including the
expandable mesh in a collapsed state, are advantageously no larger than the working channel
diameter 206 of the endoscope 202 being used. In an example embodiment, the expandable
mesh 140 is characterized by a structure diameter 130 of less than about three (3) millimeters
in the collapsed state 122. Similarly, at a portion of the linkage 110 that also fits into the
working channel 204 is characterized by a linkage diameter 210 of less than about three (3)
millimeters. In an example embodiment, the structure diameter 130 and the portion 208 of
the mechanical linkage 110 are characterized by diameters less than about 2.5 millimeters.
[0066] The expandable mesh 140 is also characterized by a length L, including a collapsed
length 220 and an expanded length 222. The lengths are not constrained by the working
channel 204 and as such, can be selected primarily based on what is desirable to achieve the
desired expanded diameter 132. In various embodiments, the expanded length 222 ranges
from about 20 to about 80 millimeters. The collapsed length 220 ranges from about 20 to
about 120 millimeters. The expanded diameter 132 ranges from about 10 to about 40
millimeters. The collapsed diameter ranges from about 1.5 to about 2.8 millimeters. In an
example embodiment, an expanded length 222 of fifty (50) millimeters and a collapsed length
220 of about 80 millimeters are sufficient to achieve a collapsed diameter 130 of 2.5
millimeters and an expanded diameter 132 of twenty-five (25) millimeters using filaments
characterized by a diameter of from about 0.1 to about 1 Millimeters (wire gauges from about
38 to about 18). These dimensions would be shifted to a scale appropriate for the body
lumen, e.g., for an expanded diameter of 70 mm in a colon and an expanded diameter of
about 5 mm in a carotid artery of a subject.

[0067] FIG. 3 through FIG. 7 schematically illustrates an example embodiment of the
apparatus and its use. FIG. 3 schematically illustrates a step of inserting an example
embodiment of the apparatus 300 into an esophagus 302. The apparatus 300 includes a
movable component 304 disposed on a left side of the handle 306 and in a first position 308
associated with a collapsed state 310 of the expandable mesh 312. It is noted that the
movements and positions of the movable component 304 are purely schematic and may be
any type of movement in any direction. The mechanical linkage 320 includes a sheath 322
surrounding the expandable mesh 312 and also surrounding an actuator cable 330. The
actuator cable 330 includes a proximate end 332 connected to the movable component 304

and a distal end 334 connected to a proximate end 336 of the expandable mesh 312. In this
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example embodiment, the natural state of the expandable mesh 312 is the expanded state.
Consequently, the sheath 322 holds the expandable mesh 312 in the compressed state 310
against a resilience of the filaments 340. The apparatus 300 may be inserted into the working
channel 342 of the endoscope 344 before, concurrent with, or after the endoscope 344 is
inserted into the esophagus 302. Together the apparatus 300 and the endoscope 344
constitute the system 346.

[0068] FIG. 4 schematically illustrates a step of expanding a expandable mesh 312 of the
apparatus 300 of FIG. 3. Upon reaching a selected location 400 in the esophagus 302 the
movable component 304 is moved to the right side of the handle 306 into a second position
402. This movement pushed the actuator cable 330 which, in turn, pushes the expandable
mesh 312 past a distal end 404 of the sheath 322. Upon being exposed, the resilience of the
filaments 340 expands the expandable mesh 312 into the expanded state 406, which is the
natural state in this example embodiment. This action distends/expands the esophagus at the
selected location 400. A light source 410 may be illuminated at an intensity that makes it
visible from a location outside the esophagus. For example, the light source 410 may be
visible through a wall of the esophagus when looking at the outside of the esophagus through
a stoma. Alternately, or in addition, the endoscope 344 may have its own light source (not
shown) that is similarly visible. This light source enables an operator to visibly determine the
location of the expandable mesh 312 from outside the lumen; and, in some embodiments,
visible even outside the body where the lumen is situated.

[0069] FIG. 5 schematically illustrates a step of inserting of a guide wire 500 into the
expanded expandable mesh 312 of Fig. 4. The guide wire 500 is inserted through a tracheo-
esophageal puncture 502 in an anterior wall 504 of the esophagus 302. In an example
embodiment the tracheo-esophageal puncture 502 is first made using a hollow puncture
needle 506. The wire 500 is fed into a hollow interior of the puncture needle 506 until the
wire 500 passes into the expandable mesh 312. The puncture needle 506 remains in place in
some embodiments, and is removed in other embodiments, once the wire 500 is inserted. In
other embodiments, any other suitable device known to those in the art may be used in place
of the shallow puncture needle 506, such as a trocar. Alternately, in some embodiments, the
wire 500 may be inserted alone. In the expanded state 406, the expandable mesh 312 is
characterized by openings between the filaments 340 that are large enough to permit the wire
500 to pass through the expandable mesh 312. In some embodiments, the needle is about a 14

gauge needle (1.6 mm inner diameter) and the flexible guide wire can be any size to fit
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through the needle, e.g., any higher gauge wire. The flexible wire material can be any
suitable for feeding through the wall of the body lumen without sawing or tearing the wall,
such as the materials recited above for the filaments or filament coating, including
fluoroplastics such as PTFE (PolyTetraFluoroEthylene), FEP (FluoroEthylenePropylene),
PFA (Per Fluor Alkoxy), ETFE (Ethylene Tetra Fluoro Ethylene Copolymer), E-CTFE
(Ethylene-Chloro Tri Fluoro Ethylene), PVDF (Poly Vinylidene Fluoride), and PVF
(Polyvinyl Fluoride) and PTFE coated stainless steel wire. In the expanded state 406, the
expandable mesh 312 is also structurally strong enough to support the posterior wall 508 in a
position away from the tracheo-esophageal puncture 502. This reduces the chances the
puncture needle 506 will cause harm to the posterior wall 508.

[0070] FIG. 6 schematically illustrates a step of collapsing the expandable mesh 312 onto
the wire 500 of FIG. 5. The movable component 304 is moved back from the second position
402 toward the first position 308. This pulls on the actuator cable 330 which, in turn, begins
to draw the proximate end 336 of the expandable mesh 312 back into the distal end 404 of the
sheath 322. This action collapses the expandable mesh 312 until the expandable mesh 312
captures an end 600 of the wire 500. In the example embodiment (shown) the movable
component 304 does not fully return to the first position 308 because the wire 500 in the
expandable mesh 312 prevents full collapse. However, in an alternate example embodiment,
the expandable mesh 312 fully collapses and is fully withdrawn, along with the end 600 of
the wire, into the working channel 342. In some embodiments, the puncture needle 506 is
removed at this step.

[0071] In an example embodiment, the wire 500 includes an interlocking feature 604 such
as a hook or loop that interlocks with the filaments 340 of the expandable mesh 312, thereby
improving the capture. In an embodiment, once the expandable mesh 312 is collapsed, the
interlocking feature will assume a benign orientation such as parallel to the esophagus walls.
This will reduce the chances of harm to the esophagus walls from dragging during extraction
from the esophagus.

[0072] FIG. 7 schematically illustrates a step of retracting the system 346 and wire 500 of
FIG. 6 from the esophagus 302. The endoscope 344, the partially collapsed expandable mesh
312, and the end 600 of the wire 500 may all be removed simultaneously, while feeding wire
500 through the tracheo-esophageal puncture 502 until the end 600 of the wire 500 protrudes

from the oral cavity (not shown). The end 600 of the wire 500 may then be secured to a
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voice prosthesis insertion apparatus and used to position the voice prosthesis in the tracheo-
esophageal puncture 502.

[0073] FIGs. 8-13 schematically illustrate an alternate example embodiment of the
apparatus and its use. FIG. 8 schematically illustrates a step of inserting an alternate example
embodiment of the apparatus 800 into an esophagus 302. The apparatus 800 includes a
movable component 804 initially disposed on a right side of the handle 806 in a second
position 808 associated with a collapsed state 810 of the expandable mesh 812. It is noted
that the movements and positions of the movable component 804 are purely schematic and
may be any type of movement in any direction. The mechanical linkage 820 includes a
hollow conduit 822 (e.g. flexible tube) having a proximate end 824 and a distal end 826 and
an actuator cable 830. The actuator cable includes a proximate end 832 connected to the
movable component 804 and a distal end 834 connected to a distal end 838 of the expandable
mesh 812. The proximate end 836 of the expandable mesh 812 abuts the distal end 826 of
the hollow conduit 822.

[0074] In this example embodiment, the natural state of the expandable mesh 812 is the
collapsed state 810. The expandable mesh 812 is disposed in the working channel 842 of the
endoscope 844 along with at least a portion of the mechanical linkage 820. In this example
embodiment, the expandable mesh is disposed outside of the hollow conduit 822. However,
in an alternate example embodiment a separate mesh (not shown) may encircle both the
hollow conduit 822 and the expandable mesh 812 and also fit within the working channel
842. In the illustrated embodiment, the sheath does not compress the expandable structure, as
id does in FIG. 3, because in FIG. 8 the natural state is collapsed. In various embodiments,
the apparatus 800 is inserted into the working channel 842 of the endoscope 844 before,
concurrent with, or after the endoscope 844 is inserted into the esophagus 302. It can be seen
that when compared to FIG. 3, the mechanical linkage 820 of FIG. 8 is not inserted as far into
the working channel 842 to ensure the expandable mesh 812 does not protrude past the distal
end of the endoscope 844 when the apparatus 800 and the endoscope 844 are inserted
simultaneously. Together the apparatus 800 and the endoscope 844 constitute the system 846
[0075] FIG. 9 schematically illustrates a step of moving the apparatus 800 of FIG. 8 through
the endoscope 844 of FIG. 8 to expose the expandable mesh 812. This exposes the
expandable mesh 812 at the selected location 900 in the esophagus 302 in the collapsed state
810.
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[0076] FIG. 10 schematically illustrates a step of expanding the expandable mesh 812 of the
apparatus 800 of FIG. 9. The movable component 804 is moved from the second position
808 to the first position 1000. This pulls the actuator cable 830 which, in turn, pulls on the
distal end 838 of the expandable mesh 812. The proximate end 836 of the expandable mesh
812 abuts and is held in place by the distal end 826 of the hollow conduit 822. This causes
the distal end 838 of the expandable mesh 812 to approach the proximate end 836 of the
expandable mesh 812. This, in turn, causes the expandable mesh 812 to expand into its
expanded state 1006 against a resilience of the filaments 1040, whereby the esophagus is
distended and both walls of the esophagus are supported. As before, a light source 1008 may
be disposed in the expandable mesh 812 to aid in visualization of the location of the
expandable mesh 812 from outside the esophagus 302.

[0077] FIG. 11 schematically illustrates a step of inserting of a wire 1100 into the expanded
expandable mesh 812 of FIG. 10. The wire 1100 is inserted through a tracheo-esophageal
puncture 1102 in an anterior wall 1104 of the esophagus 302. As before, in an example
embodiment the tracheo-esophageal puncture 1102 is first made using a hollow puncture
needle 1106. The wire 1100 is fed into a hollow interior of the puncture needle 1106 until the
wire 1100 passes into the expandable mesh 812. In various embodiments, the puncture
needle 1106 remains in place or is removed once the wire 1100 is inserted.

[0078] FIG. 12 schematically illustrates a step of collapsing the expandable mesh 812 onto
the wire 1100 of FIG. 11. Moving the movable component 804 from the first position 1000
toward the second position 808 pushes on the actuator cable 830. This, in turn, pushes the
distal end 838 of the expandable mesh 812 away from the proximate end 836 of the
expandable mesh 812, thereby collapsing the expandable mesh 812 and capturing an end
1200 of the wire 1100 therein. In the example embodiment (shown) the movable component
804 does not fully return to the second position 808 because the wire 1100 in the expandable
mesh 812 prevents full collapse. However, in an alternate example embodiment the
expandable mesh 812 fully collapses. In some embodiments, the puncture needle 1106 is
removed at this step.

[0079] FIG. 13 schematically illustrates a step of retracting the system 846 and wire 1100 of
FIG. 12 from the esophagus 302. The endoscope 844, the partially or fully collapsed
expandable mesh 812, and the end 1200 of the wire 1100 may all be removed simultaneously,
while feeding wire 1100 through the tracheo-esophageal puncture 1102 until the end 1200 of
the wire 1100 protrudes from the oral cavity (not shown). The end 1200 of the wire 1100
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may then be secured to a voice prosthesis insertion apparatus and used to position the voice
prosthesis in the tracheo-esophageal puncture 1102.

[0080] FIG. 14 is a flow chart 1400 that illustrates an example method for using the
apparatus to place a wire through a wall of an esophagus using an example embodiment of
the apparatus. Step 1410 includes inserting a flexible endoscope into an esophagus. Step
1420 includes inserting an expandable structure though a working channel in the endoscope
to a location past a distal end of the endoscope. Step 1430 includes expanding the
expandable structure, thereby expanding the esophagus at the location of the expandable
structure.

[0081] FIG. 17A and FIG. 17B are block diagrams that illustrate an example system using
the prior art endoscope of FIG. 15A as inserted in an esophagus prior to and after deployment
of the expandable mesh, respectively, according to an embodiment. This embodiment uses
the expandable mesh with the transverse filaments of FIG. 16B. FIG. 17A corresponds to step
1410 where S indicates the target positon along the wall of the esophagus where the
esophagus is collapsed. FIG. 17B corresponds to step 1430, and shows the esophagus
expanded from a collapsed state to open about 2 centimeters at the location of the mesh.
[0082] FIG. 18A and FIG. 18B are a block diagrams that illustrates another example system
that includes a light source before and after puncturing with a trocar and insertion of a
flexible guide wire, respectively, according to an embodiment. In some embodiments, step
1430 includes illuminating a light source to make the location of the expanded mesh visible
outside the lumen. FIG. 18A depicts a light emitting diode (LED) 1818 within the expanded

mesh.
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[0083] Step 1440 includes piercing the esophagus with a puncture device while the mesh
structure is expanded. Step 1450 includes inserting a flexible guide wire through the
puncture device and into the mesh structure while the mesh structure is expanded. FIG. 18B
depicts trocar 1821 puncturing the esophagus at the position of the LED 1818 within the
expanded mesh of FIG. 16B as occurs during step 1440 in some embodiments. FIG. 18B
depicts a flexible guide wire 1822 inserted through the trocar as occurs during step 1450.
FIG. 19A is a photograph from a camera in a working channel of an endoscope, which
illustrates a deployed expanded wire mesh 1911 inside the esophagus of a cadaver, according
to an embodiment. FIG. 19B is a photograph from a camera in a working channel of an
endoscope, which illustrates a deployed expanded wire mesh inside the esophagus of a
cadaver penetrated by a trocar 1921, according to an embodiment

[0084] Step 1460 includes collapsing the mesh structure to capture the flexible guide wire
therein. Step 1470 includes removing the mesh structure while the flexible guide wire is
capture in the collapsed mesh structure.

[0085] Moving a movable component located outside a proximal end of the endoscope in a
first direction expands the mesh structure in an example embodiment. Moving the movable
component in a second, different direction collapses the mesh structure in an example
embodiment. In an example embodiment the mesh structure is expanded by an amount that is
proportional to an amount of movement of a movable component in the first direction.
[0086] Although steps are depicted in flowchart FIG. 14, as integral steps in a particular
order for purposes of illustration, in other embodiments, one or more steps, or portions
thereof, are performed in a different order, or overlapping in time, in series or in parallel, or
are omitted, or one or more additional steps are added, or the method is changed in some
combination of ways.

[0087] From the foregoing it can be seen that the inventor has devised an apparatus and a
method that make tracheo-esophageal puncture procedures possible for patients previously
unsuited for the procedure, that increases accurate placement of the tracheo-esophageal
puncture, and that reduces chances of collateral harm to the esophagus. Accordingly, it

represents an improvement in the art.
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CLAIMS

What is claimed is:

1. An apparatus, comprising:

a expandable structure formable into three dimensional shapes comprising a range of
diameters and corresponding lengths;

a movable component moveable between a range of positions effecting the range of
diameters; and

a mechanical linkage disposed between the movable component and the expandable
structure;

wherein the expandable structure is sized to fit inside a working channel of an
endoscope when the expandable structure is collapsed; and

wherein the mechanical linkage is configured to move the collapsed expandable
structure through the working channel to a selected location past a distal end of the
endoscope and to increase and decrease a diameter of the expandable structure in response to
changes in the position of the movable component when the expandable structure is at the

selected location.

2. The apparatus of claim 1, the mechanical linkage further comprising an
actuator cable secured to a distal end of the expandable structure, wherein the actuator cable
is configured to be pulled to effect movement of the distal end of the expandable structure
toward a proximal end of the expandable structure to expand the expandable structure and the
actuator cable is configured to be pushed to effect movement of the distal end of the
expandable structure away from the proximal end to collapse the expandable structure in

response to movement of the movable component.

3. The apparatus of claim 2, the mechanical linkage further comprising a hollow

conduit surrounding the actuator cable.
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4. The apparatus of claim 1, the mechanical linkage further comprising a sheath,

wherein the sheath moves relative to the expandable structure in response to
movement of the movable component; and

wherein movement of the sheath that exposes the expandable structure permits the
expandable structure to expand under a natural resilience of the expandable structure, and
movement of the sheath that envelopes the expandable structure collapses the expandable

structure against the natural resilience.

5. The apparatus of claim 1, wherein the endoscope comprises a flexible
endoscope, and wherein the mechanical linkage is characterized by a resilience that enables

the mechanical linkage to flex with the flexible endoscope.

6. The apparatus of claim 1, wherein the expandable structure comprises an outer
diameter of not more than three (3) millimeters when collapsed, an outer diameter of at least

twenty-five (25) millimeters when expanded.

7. The apparatus of claim 1, further comprising a light source disposed within the

expandable structure.

8. A system, comprising:

a flexible endoscope comprising a working channel;

a expandable structure;

a handle; and

a flexible mechanical linkage disposed between the handle and the expandable
structure and configured to: deliver the expandable structure through the working channel to
a location beyond the working channel; to increase a diameter of the expandable structure at
the location in response to a first input from the handle; and to decrease the diameter of the
expandable structure at the location in response to a second input from the handle, wherein
decreasing the diameter is effective to capture an object disposed in an opening of the

expandable structure.
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9. The system of claim 8, the handle further comprising a movable component,
wherein the first input comprises movement of the movable component in a first direction
and the second input comprises movement of the movable component in a second, different

direction than the first direction.

10. The system of claim 8, the mechanical linkage further comprising a flexible
actuator cable secured to a distal end of the expandable structure and configured to be pulled
to effect movement of the distal end toward a proximal end of the expandable structure in
response to the first input to expand the expandable structure, and the actuator cable is
configured to be pushed to effect movement of the distal end away from the proximal end in

response to the second input to collapse the expandable structure.

11. The system of claim 8, the mechanical linkage further comprising a sheath and
actuator cable together configured to: move the expandable structure out of the sheath in
response to the first input, thereby enabling the expandable structure to expand via a natural
resilience of the expandable structure; and to retract the expandable structure into the sheath
in response to the second input and against the natural resilience, thereby collapsing the

expandable structure.

12. The system of claim 8, wherein the expandable structure comprises a mesh
comprising a plurality of elongated filaments that cooperate to enable the increasing and

decreasing of the diameter of the expandable structure.

13. The system of claim 8, wherein a magnitude of the increase in the diameter is
proportional to a magnitude of the first input, and a magnitude of the decrease in the diameter

is proportional to a magnitude of the second input.

14. A method, comprising:

inserting a flexible endoscope into an body lumen of a subject;

inserting a expandable structure through a working channel in the endoscope to a
location past a distal end of the endoscope; and

expanding the expandable structure, thereby expanding the body lumen at the location

of the expandable structure.
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15. The method of claim 14, wherein the body lumen is an esophagus and the
method further comprises piercing the esophagus with a puncture device while the

expandable structure is expanded.

16. The method of claim 15, further comprising inserting a flexible guide wire
through the puncture device and into the expandable structure while the expandable structure

is expanded.

17. The method of claim 16, further comprising collapsing the expandable

structure to capture the flexible guide wire therein.

18. The method of claim 17, further comprising removing the expandable

structure while the flexible guide wire is captured in the collapsed expandable structure.

19. The method of claim 14, further comprising moving a movable component
located outside a proximal end of the endoscope in a first direction to expand the expandable
structure, and moving the movable component in a second, different direction to collapse the

expandable structure.
20. The method of claim 19, further comprising expanding the expandable

structure by an amount that is proportional to an amount of movement of the movable

component in the first direction.

23



WO 2016/191419 PCT/US2016/033917

21. An apparatus, comprising:

a expandable structure formable into three dimensional shapes comprising a range of
diameters and corresponding lengths, wherein the expandable structure is sized to fit inside a
working channel of an endoscope when the expandable structure is collapsed;

a movable component moveable between a range of positions effecting the range of
diameters; and

a means for expanding the expandable structure disposed between the movable
component and the expandable structure, wherein the means is configured to move the
collapsed expandable structure through the working channel to a selected location past a
distal end of the endoscope and to increase and decrease a diameter of the expandable
structure in response to changes in the position of the movable component when the

expandable structure is at the selected location.
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