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(57) Abstract: A sheath assembly for an endoscope includes
an elongate tubular body and a plug. The endoscope has a
handle portion and a scope portion extending therefrom to a
tip. The body includes first (40) and second (42) wall sections
and extends along a longitudinal axis between first and
second distal openings located at distal and proximal ends
thereot, respectively. The first wall section (40) extends radi-
ally about the longitudinal axis to define a scope lumen (44).
The scope portion 1s receivable in the scope lumen with the
distal and proximal ends. The second wall section (42) ex-
tends radially about a portion of the first wall section (40) and
longitudinally between second distal and proximal end open-
ings. The first and second wall sections define an integral suc-
tion lumen (50) 1n fluid communication with a first source of
negative pressure. The plug i1s mated with the distal end open-
ing and includes a lens surface through which energy is trans-
missible.
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ENDOSCOPIC SHEATH ASSEMBLY

TECHNICAL FIELD
[0001/0002] The present invention generally relates to a sheath for medical devices, and
more particularly to a sheath assembly having at least one internal suction lumen for

invasive medical devices, such as endoscopes and bronchoscopes.

BACKGROUND OF THE INVENTION

[0003] Endoscopes are routinely used in medical procedures to allow internal

visualization. Many of these endoscopes have an integral suction lumen, which may be
used, among other things, to aspirate bodily flutds and/or foreign bodies. It 1s normal
clinical practice to clean and sterilize these generally very expensive scopes between
patients. The cleaning process is costly due to degradation of the scope during cleaning
and the requirement for additional scopes to ensure availability while others are being
reprocessed.

10004) The use of a disposable sheath to protect the scope from contamination
during use 1s well known. However, placing this sheath over the scope disables the
ability of the user to utilize the scope’s integral suction lumen. It 1s possible to design the
sheath so that it incorporates one or more additional lumens through which suction can be
drawn. There is currently at least one disposable sheath product on the market that
provides such alternate suction capability. It 1s desirable that a sheath-specific suction
lumen (or lumens) afford a cross-sectional area as large as possible (e.g., at least as large
as the one integral to the scope). If multiple suction lumens are provided, 1t 1s also
desirable that the cross-sectional area of any one of these be reasonably large so as to
minimize the potential tor occlusion.

[0005] Many endoscopes incorporate an articulating distal section that is controlled
proximally by the user. It i1s important that a sheath does not appreciably impair the

ability of the scope during articulation. Examples of endoscopes and endoscope sheaths
are described in PCT Publication No. WO 2010/111461, U.S. Patent No. 7,056,284, and
U.S. Patent No. 7,120,354.



SUMMARY OF THE INVENTION

[0006] One aspect of the present invention includes a sheath assembly for an
endoscope. The endoscope has a handle portion and an elongate scope portion extending
from the handle portion to a tip. The sheath assembly comprises an elongate tubular body
and a plug. The elongate tubular body comprises a first wall section and a second wall
section. The elongate tubular body extends along a longitudinal axis between a first distal
opening located at a distal end thereot, and a first proximal end opening located at a
proximal end thereof. The first wall section extends radially about the longitudinal axis
to define a scope lumen. The scope portion of the endoscope is receivable coaxially in
the scope lumen with the distal end of the body being disposed adjacent the endoscope
tip, and the proximal end of the body 1s disposed adjacent the handle portion of the
endoscope. The second wall section extends radially about at least a portion of the first
wall section and longitudinally along the longitudinal axis between a second distal
opening adjacent the first distal end opening and second proximal end opening adjacent
the first proximal end opening. The first and second wall sections define an integral
suction lumen therebetween connectable in fluid communication with a first source of
negative pressure. The plug 1s mated with the distal end opening of the body for closing
the scope lumen. The plug has a lens surface through which light or other energy is
transmissible to or from the endoscope tip.

[0007] Another aspect of the present invention provides a sheath assembly for an
endoscope, the endoscope having a handle portion and an elongate scope portion
extending from the handle portion to a tip, the sheath assembly comprising: an elongate
tubular body extending along a longitudinal axis between a first distal end opening
located at a distal end thereof and a first proximal end opening located at a proximal end
thereof, the body comprising: a first wall section extending radially about the longitudinal
axis to define a scope lumen, the scope portion of the endoscope being receivable
coaxially in the scope lumen with the distal end of the body being disposed adjacent the
endoscope tip and the proximal end of the body being disposed adjacent the handle
portion of the endoscope; and a second wall section extending radially about at least a
portion of the first wall section and longitudinally along the longitudinal axis between a
second distal end opening adjacent the first distal end opening and a second proximal end
opening adjacent the first proximal end opening, the first and the second wall sections

defining an integral suction lumen therebetween connectable in fluid communication with
a first source of negative pressure; and a plug mated with the distal end opening of the
body for closing the scope lumen, the plug having a lens surface through which light or

other energy is transmissible to or from the endoscope tip, wherein the second wall

CA 2814725 2017-07-06



section extends radially about less than the entire first wall section of the tubular body.
[0008] Another aspect of the present invention includes a method for detecting a

leak in a sheath assembly. One step of the method includes providing a sheath assembly.

- The sheath assembly comprises an elongate tubular body and a plug. The elongate tubular

body comprises a first wall section and a second wall section. The elongate tubular body
extends along a longitudinal axis between a first distal opening located at a distal end
thereof, and a first proximal end opening located at a proximal end thereof. The first wall
section extends radially about the longitudinal axis to define a scope lumen. The second
wall section extends radially about at least a portion of the first wall section and
longitudinally along the longitudinal axis between a second distal opening adjacent the
first distal end opening and second proximal end opening adjacent the first proximal end
opening. The first and second wall sections define an integral suction lumen
therebetween connectable in tluid communication with a first source of negative pressure.

The plug 1s mated with the distal end opening of the body for closing the scope lumen.

 The plug has a lens surface through which light or other energy 1s transmissible to or from

CA 28147725

the endoscope tip. Next, a portion of the body is inserted into a fluid-filled container.
The container 1s then monitored for the presence of at least one bubble emanating from

the portion of the body. The presence of at least one bubble indicates a leak 1n the portion
of the body.

2017-07-06
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BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The foregoing and other [eatures of the present invention will become apparent
to those skilled 1n the art to which the present invention relates upon reading the following
description with reference to the accompanying drawings, 1n which:

[0010] Fig. 1A 1s a schematic 1llustration showing a perspective view of a sheath
assembly constructed in accordance with one aspect of the present invention;

[0011] Fig. 1B is a side view of the sheath assembly shown in Fig. 1A;

10012] Fig. 2A 1s a schematic illustration showing a perspective view of an endoscope;
[0013] Fig. 2B 1s a schematic 1llustration showing a magnified perspective view of a
distal tip of the endoscope in Fig. 2A;

[0014] Fig. 3A is a cross-sectional view of a distal end of the sheath assembly taken
along Line 3A-3A 1n Fig. 1B;

[0015] Fig. 3B 1s a cross-sectional view showing an alternative configuration of the
distal end in Fig. 3A;

[0016] Fig. 4A 1s a schematic illustration showing a perspective view ol another
alternative configuration of the distal end in Fig. 3A;

[0017] Fi1g. 4B 1s a cross-scctional view taken along Linc 4B-4B 1n Fig. 4A;

[0018] Fig. SA 1s a schematic 1llustration showing a perspective view of a plug

comprising the sheath assembly in Figs. 1A-B;

[0019] Fig. 5B 1s a schematic tllustration showing a front side view of the plug in Fig.
SA;

[0020] Fig. 5C is a schematic illustration showing a side view of the plug in Fig. SA;
[0021] Fig. 6 1s a schematic illustration showing a partial cutaway of the connector in
Fig. 1B;

[0022] I'ig. 7 1s a schematic illustration showing a perspective view of the sheath

assembly 1n Figs. 1 A-B mated with the handle portion of an endoscope;

[0023] Fig. 8 1s a schematic illustration showing a perspective view of a plug assembly
(exploded);
[0024] Fig. 9 is a schematic 1llustration showing a perspective view of the plug

assembly 1n Fig. 8 mated with an integral valve port of the endoscope;
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[0025] Fig. 10 1s a schematic 1llustration showing a perspective view ot a clip and
valve assembly (exploded); and
10026] Fig. 11 1s a schematic 1llustration showing a perspective view of the clip and

valve assembly 1n Fi1g. 10 mated with a handle portion of the endoscope.

DETAILED DESCRIPTION

[0027] The present invention generally relates to a sheath for medical devices, and
more particularly to a sheath assembly having at least one internal suction lumen for
invasive medical devices, such as endoscopes and bronchoscopes. As representative of one
aspect of the present invention, Figs. 1A-B 1llustrate a sheath assembly 10 for an endoscope
12 (F1gs. 2A-B). As described 1in more detail below, the sheath assembly 10 (Figs. 1A-B) of
the present invention advantageously: (1) protects endoscopes 12 from contamination while
still allowing suctioning; (2) 1s useful with standard endoscopes (i.e., having round cross-
sectional profiles); (3) provides suction around a greater portion of the distal endoscope tip
14 (F1gs. 2A-B); and (4) includes a leak detection mechanism for evaluating the integrity ot
the sheath assembly betore and/or after use.

[0028] Generally speaking, endoscopes 12 contain an internal suction lumen (not
shown) to provide a pathway for suctioning a patient. One example of an endoscope 12 1s
shown 1n I'1gs. 2A-B and includes a proximal end portion 16 having a handle portion 18
connected thereto, a distal end portion 20 having a distal tip 14, and an elongate scope
portion 22 that extends between the proximal and distal end portions. The endoscope 12 can
be equipped with an 1llumination device 24, a viewing device 26, and a working lumen or
channel 28. The illumination device 24 can provide light for the operation of the endoscope
12 1n a dark bodily lumen. 'T'he viewing device 26, which may be a 1'V camcra, capturces
images 1n the bodily lumen, and the images can be electrically or optically transmitted
through the scope portion 22 of the endoscope 12. The working channel 28 can extend
through the scope portion 22 to the distal end portion 20 of the endoscope 12. The working
channel 28 can be designed to accommodate various medical instruments.

[0029] Referring to Figs. 1| A-B, the sheath assembly 10 of the present invention
comprises an elongate tubular body 30 that extends along a longitudinal axis LA located
between a distal end 32 having a [irst distal end opening 34 and a proximal end 36 having a

first proximal end opening 38. Although the body 30 1s shown in I'igs. 1A-B as having a
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tubular shape, 1t will be appreciated that the body can have other shapes so that the sheath
assembly 10 can readily conform to the outer surface of an endoscope 12. For example, the
body 30 of the shcath assembly 10 can have a D-shapced or ovoid cross-scctional profilc.
The sheath assembly 10 can be made from one or a combination of materials that allows the
sheath assembly to readily bend and flex along with the endoscope 12 during use. For
example, all or only a portion of the sheath assembly 10 can be made from the same or
different polymeric materials, which may be thermoplastic or thermoset. Such materials are
known 1n the art and can include, for example, thermoplastic elastomers, such as styrenic
block copolymers, polyolefin blends, elastomeric alloys, thermoplastic polyurethanes,
thermoplastic copolyesters, and thermoplastic polyamides, as well as thermosel elastomers,
such as silicones.

[0030] As shown 1n Fig. 3A, the tubular body 30 comprises first and second wall
sections 40 and 42. The first wall section 40 extends radially about the longitudinal axis LA
to define a scope lumen 44. Although not shown, the scope portion 22 of the endoscope 12
1s recervable coaxially 1n the scope lumen 44 so that the distal end 32 of the body 30 1s
disposed adjacent the endoscope tip 14, and the proximal end 36 1s disposed adjacent the
handle portion 18 of the endoscope.

[0031] The scope lumen 44 of the sheath assembly 10 is form-fitting over an outer
diameter (OD) ol the scope portion 22, which requires minimal clearance between the OD
and an inner diameter (ID) of the scope lumen. The outer surface of the scope portion 22 has
a relatively high coefficient of friction. Placing the form-fitting sheath assembly 10, which
i1s made of a relatively thin and flexible material, over the outer surface of the endoscope 12
can be dilficull. To aid 1n installation and removal ol the sheath assembly 10, a lubricant
may be used. I'or example, a lubricant can be applied to the outer surface of the scope
portion 22 of the endoscope 12. Alternatively, the ID of the sheath asscmbly 10 may be
lightly lubricated (e.g., using USP Class VI/ISO 10993 materials) prior to mating with the
endoscope 12 or during production. Applying a lubricant may be useful as i1t has been found
that a light internal coating of lubricant makes 1t possible (with nunimal effort) to place and
remove the sheath assembly 10 over the endoscope 12. It will be appreciated that applying
lubrication can also prevent the sheath assembly 10 from collapsing and sticking to itself

when packaged.
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[0032] The second wall section 42 of the body 30 extends radially about at least a
portion of the first wall section 40. In one example of the present invention, the second wall
scction 42 can cxtend radially about Icss than the entire first wall scction 40. Altcrnatively,
the second wall section 42 can extend radially around the entire first wall section 40. The
second wall section 42 defines an outer second wall diameter (OD;,) of about 6.5 mm. In one
example of the present invention, the OD does not exceed 6.5 mm. The second wall section
42 also extends longitudinally along the longitudinal axis LA between a second distal end
opening 46 that 1s adjacent the first distal end opening 34, and a second proximal end
opening 438 that 1s adjacent the first proximal end opening 38. The second proximal end
opening 43 1s [ormed as an aperture through the second wall section 42. The first and
second wall sections 40) and 42 define an integral suction lumen 5() therebetween that 1s
connectable 1n tfluid communication with a first source ot negative pressure (not shown),
such as a vacuum pump. The first and second distal end openings 34 and 46 are generally
coterminous. The suction lumen 30 has a cross-sectional area that may be equal to or greater
than the cross-sectional area of the scope lumen 44. Alternatively, the suction lumen 50 can
have a cross-sectional area that 1s less than the cross-sectional area of the scope lumen 44.
The sheath assembly 10 can have a single suction lumen 50, two suction lumens (Fig. 3B),
three suction lumens (Fig. 3A), or even more suction lumens.

[0033] As shown in Figs. 3A-B, the suction lumen 50 includes at least one rib member
52 for preventing collapse of the suction lumen when the first source of negative pressure 1S
applied thereto. The at least one rib member 52 extends radially within the suction lumen 50
from a distal end 54 that is integral with one of the first and second wall sections 40 and 42
lo a proximal end 56 that 1s disposed opposite the other one of the [irst and second wall
sections. Depending upon the orientation of the distal end 54, the proximal end 56 1s
bcarablc on onc of the first and sccond wall scctions 40 and 42 to support the suction lumen
S0 when the first source of negative pressure 1s applied. In the absence of negative pressure
or suction within the suction lumen 50, the proximal end 56 of the at least one rib member

52 1s free trom contact with one of the first and second wall sections 40 and 42. The at least

one r1ib member 52 also extends along at least a portion of the longitudinal axis LA. For
example, the at least one rib member 52 can extend along the entire longitudinal axis LA.
The at least one r1ib member 52 can have any suitable shape (e.g., finger-shaped, wedge-

shaped, etc.).
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[0034] Any number of rib members 52 can be disposed within the suction lumen 50.
As shown 1n Fig. 3A, two rib members 52 are disposed within the suction lumen 50.
Altcrnatively, as shown 1n Fig. 3B, the suction lumcen S0 can include only onc rib member 52
disposed therein. During application of negative pressure or suction within the suction
lumen 50, the proximal end 56 of the at least one rib member 52 can contact a portion of the

second wall section 42 (i.e., opposite the distal end 54 of the at least one rib member) and

thereby prevent the suction lumen from collapsing. By forming the at least one rib member
52 such that the proximal end 56 1s not permanently joined to the portion of the second wall
section 42, the presence of the at least one rib member does not appreciably degrade the
overall [lexibility of the sheath assembly 10.

[0035] It will be appreciated that the sheath assembly 10 1s sufficiently flexible such
that 1t cannot significantly impede the ability to articulate the tip 14 of the endoscope 12.
There may be concern that the thin walls and high tlexibility of the sheath assembly 10
might make the suction lumen 50 prone to collapse. Advantageously, the sheath assembly
10 of the present invention can be designed with multiple suction lumens 50. In such a
multi-lumen contiguration, there may be a concern that the walls separating the suction
lumens 50 might act like “I” beams and make the sheath assembly 10 too stiff. By
incorporating a single, large suction lumen 50 having at least one rib member 52 (Fig. 3B),
and more particularly two rib members within the suction lumen (Fi1g. 3A), collapse 1s
prevented. Moreover, by de-coupling the rib members 52 at the point where they would
otherwise attach to the outer surface of the endoscope 12, or the sheath body 30 itself, the rib
members do not tend to act like “I"”" beams.

[0036] Referring (o Figs. 4A-B, (he distal end 32 of the sheath assembly 10 can
optionally include at least one aperture 53. The at least one aperture 58 can extend through
the sccond wall scction 42 such that the suction lumen 50 1s 1n fluid communication with the
environment external to the sheath assembly 10. The at least one aperture 58 can facilitate
suctioning by providing additional surface area through which bodily fluids can be aspirated
into the suction lumen 50. Although only three apertures 38 are 1llustrated in Figs. 4A-B, 1t
will be appreciated that any number of apertures may be included about the distal end 32 of
the sheath assembly 10. Additionally, it will be appreciated that the at least one aperture 58
can have a cross-sectional profile other than the circular cross-sectional protile shown 1n

Figs. 4A-B (e.g., square, ovoid, rectangular, etc.).
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[0037] Another aspect of the present invention includes a plug 60 (Figs. 5A-C)
configured to mate with the first distal end opening 34 of the body 30 for closing the scope
lumen 44. 'The plug 60 1s mated with the first distal end opecning 34. For cxample, the plug
60 can be 1nserted into the first distal end opening 34 (e.g., friction fit and/or RF welded
thereto), integrally connected to the distal end 32 (e.g., by RF welding), or placed over the
distal end 32 to cover the first distal end opening 34. The plug 60 can be secured to the
distal end 32 of the body 30 by RF welding, for example. As described above, most
endoscopes 12 include three tiber optic bundles, two of which are used for illumination
purposes while the third 1s used for visualization purposes. When covering these optical
bundles with a sheath, there 1s the potential [or reflecting light back onto the visualization
optic fiber bundle. The greater the distance between a cover and the fiber optic bundles, the
closer to the center of the field of view the light will be retlected. To prevent or mitigate this
occurrence, the plug 60 of the present invention includes a lens surface 62 through which
light or other energy 1s transmissible to or from the endoscope tip 14. The plug 60, and 1n
particular the lens surtace 62, 1s configured such that any reflected light 1s only present in the
peripheral tield of view, thereby yielding superior optical quality. As described 1n more
detail below, the plug 60 provides significant surface area to facilitate a robust bond with the
tirst distal end opening 34, as well as an anti-traumatic surface on the distal end 32 of the
sheath assembly 10.

[0038] The plug 60 1s configured to have a cross-sectional design that essentially
mirrors the cross-sectional design of the body 30. Generally, the plug 60 provides structural
rigidity to the distal end 32 of the sheath assembly 10 during application of negative pressure
or suction (o the scope lumen 44 and/or the suction lumen 50. As shown in Figs. SA-C, the
plug 60) comprises a first portion 64 that 1s integrally formed with a second portion 66, which
1s configurcd to snugly matc with the first distal end opening 34 of the body 30. 'The plug 60
includes a first wall section 68 that extends radially about a longitudinal axis LA’ to partly
define a cavity 70, which is further defined by the lens surface 62. The cavity 70 can be
configured to receive the tip 14 of the endoscope 12. All or only a portion of the plug 60 1s
formed from a transparent plastic material. For example, the lens surface 62 1s formed from
a transparent plastic material through which light or other energy 1s transmissible to or from
the endoscope tip 14. To further reduce any reflected light, a biocompatible anti-reflective

coating (not shown) can be added to the lens surface 62.
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[0039] The plug 60 further includes a second wall section 72 that extends radially
about at least a portion of the first wall section 64, and longitudinally along the longitudinal
axis LA" bctween a distal opening 74 and a proximal opening 76. Each of the sccond wall
section 72, the proximal opening 76, and the distal opening 74 collectively define a suction
opening 78 that 1s disposed in registration with the second distal end opening 46 of the body
30. A portion of the second wall section 72 forms a wall 80 that extends longitudinally
between the distal and proximal openings 74 and 76. The wall 30 1s longitudinally aligned
with a rib member 52 comprising the suction lumen S0. As shown 1n Fig. 5B, the plug 60
can include two walls 80 and three suction openings 78. It will be appreciated that the plug
60 can include any number ol walls 30 and suction openings 73, depending upon the number
of rib members 52 comprising the suction lumen 50).

[0040] Another aspect of the present invention includes a connector 82 (Fig. 6). As
described 1n more detail below, the connector 32 provides a non-balloon-based method for
visually determining whether the sheath assembly 10 has been damaged during a procedure.
The connector 32 extends longitudinally between a forward end portion 84, which coaxially
surrounds the first and second proximal end openings 338 and 43, and a rearward end portion
36 contigured to fit onto the handle portion 18 of the endoscope 12. The connector 32
includes a main body portion 88 that extends between a proximal end 90 and a distal end 92.
The distal end 92 is mated (o the proximal end 36 ol the body 30 using RF welding, [or
example. A first lumen 94, which extends between the proximal and distal ends 90 and 92
of the main body portion 88, 1s 1n fluid communication with the scope lumen 44. Although
the connector 32 has a generally cylindrical configuration, it will be appreciated that the
conneclor can have any conliguration adapted (o snugly mate with the handle portion 18 of
the endoscope 12. The connector 82 can be formed from a flexible and/or elastic material,
such as onc or a combination of moldcd polymers.

[0041] The forward end portion 84 includes a tubular, elongate suction port 96 that
opens into fluid communication with the suction lumen 50 of the body 30. As shown in Fig.
0, the suction port 96 is integrally formed with the main body portion 88 of the connector 32.
The suction port 96 includes oppositely disposed first and second ends 98 and 100 and a
second lumen 102 that extends between the first and second ends. The second lumen 102 1s
in fluid communication with the suction lumen 50. The second end 100 is integrally

connected to the distal end 92 of the main body portion 88. The first end 98 of the suction
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port 96 1s adapted to recerve a hand valve 122 (Fig. 8), which can be manually controlled by
a clinician during application of negative pressure or suction by the first vacuum source.
Although the suction port 96 (Fig. 6) has a gencrally cylindrical or tubular configuration, it
will be appreciated that the suction port can have any desired configuration. It will also be
appreciated that the suction port 96 can include a three-way stopcock 140 operably secured
thereto. As shown in Fig. 6, a one-way duck bill valve 104 can be securely mated to the
stopcock 140. The duck bill valve 104 can prevent fluids aspirated into the suction lumen 50
from running back into the patient when suction 1s removed.

[0042] Referring to Figs. 1A-B, a plug assembly 142 is connected to the duck bill
valve 104 via a length of tubing 144. The plug assembly comprises a hand valve 122
integrally formed with a plug member 146, which 1s configured to mate with an integral
valve port 136 (Figs. 8-9) of an endoscope 12. The plug member 146 has a generally
cylindrical shape and extends transverse, or substantially transverse to, the opening 118 of
the hand valve 122. More particularly, the plug member 146 includes a first free end portion
143 oppositely disposed from a secured second end portion 150. The first free end portion
143 1s adapted to be inserted into the integral valve port 136 and thereby disable the integral
valve (not shown) of the endoscope 12. As described below, disabling the integral valve
allows an endoscope user to operate the endoscope 12 when the sheath assembly 10 is
disposed thereon. The secured second end portion includes a base 152 thal 1s securely
connected to the hand valve 122. The base 152 can be integrally formed from a portion of
the hand valve 122 or, alternatively, securely connected thereto via an adhesive, REF welding,
or other known attachment means. All or only a part of the plug member 146 can be made
ol a rigid and/or semi-rigid malterial, such as a metal or plastc.

[0043] Application of the plug assembly 142 to the endoscope 12 1s shown in I'igs. 8-
9. The hand valve 122 of the plug asscmbly 142 can first b¢ connected to a Iength of tubing
144, which 1s connected to the one-way duck bill valve 104. The hand valve 122 can then be
further connected to the tirst source of negative pressure. The plug assembly 142 can then
be positioned about the integral valve port 136 of the endoscope 12 as shown in Fig. 8.

Next, the plug member 146 1s 1nserted into the integral valve port 136, which disables the
integral valve of the endoscope 12. Once the plug member 146 1s securely inserted into the
integral valve port 136, negative pressure or suction can be applied to a suction line (not

shown) (e.g., via hospital house suction) connecting the hand valve 122 to the first source of
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negative pressure. In turn, a vacuum 18 constantly present so that actuation of the valve 122
by a clinician introduces a vacuum 1nto the suction lumen 50 of the endoscope 12.

10044] I'he rcarward cnd portion 86 of the connector 82 includes a tubular, clongate
lumen port 106 that opens into fluid communication with the scope lumen 44 of the body 30.
The Iumen port 106 1s connectable in fluid communication with a second source of negative
pressure (not shown) for evacuating the scope lumen 44. The lumen port 106 1s collapsibly
responsive to such evacuation as an indication of the fluid-tight integrity of the scope lumen
44 when the sheath assembly 10 1s used 1n service. The lumen port 106 1s located proximate
the suction port 96 and includes a third lumen 108 extending between oppositely disposed
first and second ends 110 and 112. The second end 112 of the lumen port 106 1s integrally
connected to the main body portion 88 such that the first and third lumens 94 and 108 are 1n
tluid communication with one another. It will be appreciated that the lumen port 106 can
include other mechanisms to indicate drawing of a vacuum therethrough. For example, the
wall comprising the lumen port 106 can be made of a colored and mostly translucent
material that changes to a darker color when the third lumen 108 collapses, thereby visually
indicating drawing of a vacuum through the lumen port. It will also be appreciated that the
lumen port 106 can include a check valve 138 operably disposed therein.

[0045] The rearward end portion 86 of the connector 82 additionally includes at least
one [lap 114 that 1s disposable on the handle portion 18 of the endoscope 12. The flap 114
can be liftable manually from the handle portion 18 to break the seal between the connector
32 and the handle portion when the scope lumen 44 1s evacuated. In one example of the
present invention, the connector 82 can include first and second tlaps 114" and 114" that are
integrally connected Lo, and extend [rom, the distal end 92 of the main body portion 83.
Llach of the flaps 114" and 114" has a generally bullet-shaped configuration; however, 1t will
be apprcciated that other shapes or configurations may be uscd. Additionally, 1t will be
appreciated that the connector 82 can include one, three, tour or more flaps 114. Each of the
flaps 114 can also include at least one ridge 116 to facilitate manual manipulation of the
flaps and the connector 82.

[0046] Since placement of the sheath assembly 10 over the endoscope 12 disables the
internal suction lumen of the endoscope, use of the hand piece valve port (not shown) 1s no
longer viable. To provide external suction capability, a hand valve 122 (Fig. 8) can be mated

with the suction port 96 after applying the connector 32 to the endoscope 12 (Fig. 7). The
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hand valve 122 (Fig. 8) 1s shaped like a shallow cradle that conforms to the curve of an index
finger. The cradle has an opening 118 1n the center so that when a finger 1s placed over 1t, a
vacuum, which 1s drawn through the sccond lumen 102, 1s incrcased. Since the suction port
96 may extend beyond (e.g., about six inches) the main body portion 88 of the connector 82,
a clinician can position the hand valve 122 near the disabled hand valve of the endoscope 12.
[0047] Another aspect of the present invention includes a clip and valve assembly 120
(Figs. 10-11) for mounting to the handle portion 18 of an endoscope 12. As shown 1n Fig.
10, the clip and valve assembly 120, which may be unitary or formed of separate parts,
comprises a valve 122 (e.g., a hand suction valve) and a clip 124 configured to hold the
valve. The clip 124 has a generally U-shaped conliguration and includes [irst and second leg
members 126 and 128 configured to mate with the handle portion 18 of an endoscope 12.
The clip 124 also includes a connecting section 130 that 1s disposed between, and integrally
formed with, the first and second leg members 126 and 128. As shown in Fig. 10, the
connecting section 130 includes oppositely disposed first and second arm members 132 and
134 that are capable of holding (e.g., by friction or tension fitting) the valve 122. All or only
a part ot the clip 124 can be made of a rigid and/or semi-rigid material, such as a metal or
plastic. In an alternative construction, the clip 24 may have a generally ring-shaped
configuration.

[0048] In use, the clip and valve assembly 120 may be positioned 1n an ergonomic
location, such as immediately adjacent the integral valve port 136 of the endoscope 12, or
elsewhere on the endoscope as may be convenient tor operation by the physician or clinician
for single-handed control of articulation and suctioning by the endoscope. In this manner,
the clip and valve assembly 120 1s locked 1nto an ergonomic position and ready [or use. To
apply suction, a suction line (not shown) can be attached to the valve 122 of the clip and
valve assecmbly 120. Upon application of ncgative pressure or suction to the suction line
(e.g2., via hospital house suction), a vacuum is constantly present so that actuation of the
valve 122 by a clinician introduces a vacuum into the suction lumen 50 of the endoscope 12.
During use, the endoscope 12 can be held by the clinician like a policeman holds a flash
light (e.g., exiting the hand opposite the thumb). In this manner, the endoscope articulation
control lever (not shown 1n detail) 1s easily controlled by the thumb while the index finger 1s

on top of the handle portion 18.
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[0049] Another aspect of the present invention includes 4 method for determining
whether the integrity of the sheath assembly 10 has been compromised. As discussed above,
the connector 82 of the shcath asscmbly 10 includes a lcak detection mechanism (i.e., the
lumen port 106) for indicating when a fluid-tight seal has been compromised during
application of negative pressure or suction to the scope lumen 44. The method described
below provides an additional mechanism for determining 1f the integrity of the sheath
assembly 10 has been compromised by, for example, a micro-sized tear or puncture (e.g.,
about 5 microns). Detection of such micro-sized tears or punctures 1s important since some
bacteria may be able to infiltrate the scope lumen 44 through such tears or punctures, yet
such tears or punctlures are dilficult (o detect due (o their minute size. Advantageously, the
method of the present invention can be used to rapidly detect a minute leak (or leaks) 1n the
sheath assembly 10 betore and/or after use of the sheath assembly.

[0050] In one example of the method, a fluid-based leak test can be performed betore
and/or after use of the sheath assembly 10 to determine whether the integrity of the sheath
assembly has been compromised. To evaluate the integrity of the sheath assembly 10 prior
to use, the packaging (not shown) used to store the sheath assembly can be used as a leak
detection mechanism. The packaging can comprise, for example, an elongate, transparent
splittable pouch (not shown) having a proximal end for inserting the sheath assembly 10
therein, and a closed distal end. The splittable pouch includes a vessel disposed therein
configured to hold a volume of fluid (e.g., water or saline). The vessel can comprise an
clongate, tubular member having a closed distal end and a length sutficient to enclose the
entire body 30 of the sheath assembly 10. The vessel can be comprised of a lightweight
plastic or other similar material capable of holding a (luid volume.

[0051] Prior to using the sheath assembly 1(), the splittable sheath can be opened by
scparating opposing portions located at the proximal end thercof. A volume of fluid (e.g.,
about 35 c¢¢) can then be poured into the pouch so that the vessel 1s sufficiently filled to
envelop the body 30 of the sheath assembly 10. Next, a sealing mechanism located at the
proximal end of the pouch can be used to provide a water-tight fit of the body 30 within the
pouch. A source of air (or other gas, such as helium) can then be used to pressurize the
scope lumen 44. For example, a syringe (not shown) containing a volume of air can be
operably attached to the lumen port 106 (e.g., via the check valve 138 or a stopcock) and

then depressed to pressurize the scope lumen 44. Once the scope lumen 44 1s pressurized, a
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user can monitor the pouch for evidence of bubble formation (e.g., on the surface of the body
30). The presence of at least one bubble emanating from the body 30 indicates a leak in a
portion of the sheath assembly 10.

[0052] To evaluate the integrity of the sheath assembly 10 after use, the sheathed
endoscope 12 can be re-inserted into the pouch. As described above, a source of air can then
be used to pressurize the scope lumen 44. For example, a syringe containing a volume of air
can be operably attached to the lumen port 106 (e.g., via the check valve 138 or a stopcock)
and then depressed to pressurize the scope lumen 44. A user can then monitor the container
for evidence of bubble formation (e.g., on the surface of the body 30). The presence of at
least one bubble emanating [rom the body 30 indicates a leak 1n a portion ol the sheath
assembly 10).

[0053] One skilled 1n the art will appreciate variations in the fluid-based leak detection
system of the present invention. For example, instead of infusing air into the scope lumen
44, a volume of a colored tluid, such as a non-toxic dye can be infused into the scope lumen.
[t the integrity of the sheath assembly 10 1s compromised, the colored fluid will leak into the
surrounding water (or other tluid), thereby indicating a puncture or tear in the sheath
assembly.

[0054] An alternative leak detection system can include a litmus test that may be
perlormed belore and/or alter a procedure. T'o do so, a coaling can [irst be applied (0 the
inner surface of the body 30. The coating can change colors upon contact with a particular
tluid or solution. For example, the coating can be capable of changing color upon exposure
to an alkaline solution. Post procedure, for example, a clinician or technician can submerge
the sheathed endoscope 12 into the alkaline solution with the vacuum sull applied (o the
sheath assembly 10). If there 1s a defect or compromise in the body of the sheath assembly
10, the solution will have a pathway to rcach the coating. 'I'he clinician or tcchnician can
then remove the sheathed endoscope 12 from the solution, remove the sheath assembly 10
from the endoscope, and 1nspect the sheath assembly tor any area(s) displaying a color

change.
[0055] From the above description of the invention, those skilled 1n the art will

perceive improvements, changes and modifications. For example, one skilled in the art will

appreciate that other sheath assembly 10 contigurations are possible, such as a tube-in-tube
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configuration (not shown). The scope of the claims should not be limited by the

preferred embodiments set forth above, but should be given the broadest interpretation

consistent with the description as a whole.
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What is claimed is:

1. A sheath assembly for an endoscope, the endoscope having a handle portion and an
elongate scope portion extending from the handle portion to a tip, the sheath assembly
comprising: '

an'elongate tubular body extending along a longitudinal axis between a first distal
end opening located at a distal end thereof and a first proximal end opening located at a
proximal end tﬁereof, the body comprising: '

a first wall section extending radially about the longitudinal axis to define a
scope lumen, the scope portion of the endoscope being receivable coaxially in thescope
lumen with the distal end of the body being disposed adjacent the endoscope tip and the
proximal end of the body being disposed adjacent the handle portion of the endoscope; and

a second wall section extending radially about at least a portion of the first
wall section anfl longitudinally along the longitudina1 axis between a second distal end
opening adjacent the first distal end opening and a second proximal end opening adjacent the
first proximal end opening, the first and the second wall sections defining an integral suction
lumen therebetween connectable in fluid communication with a first source of negative
pressure; and

a plug mated with the distal end opening of the body for closing the scope lumen,
the plug haviné a lens surface through which light O_f other energy is transmissible to or from
the endoscope tip,

wherein the second wall section extends radially about less than the entire first wall

section of the tubular body.

2. The sheath assembly of claim 1, wherein the lens surface of the plug is formed of a

transparent plastic material.

3. The sheath assembly of claim 1 or 2, wherein the plug has at least one suction

opening therein disposed in registration with the second distal end opening of the body.

4, The sheath assembly of any one of claims 1 to 3, wherein the first and second distal

end openings are coterminous.

J. The sheath assembly of any one of claims 1 to 4, wherein the second proximal end

opening is formed as an aperture through the second wall section.

CA 2814725 2017-07-06
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6. The sheath assembly of any one of claims 1 to 5, further comprising a connector
extending longitudinally between a forward end portion that coaxially surrounds the first and
second proximal end openings and a rearward end portion configured to fit onto the handle

portion of the endoscope.

7. The sheath assembly of claim 6, wherein the forward end portion of the connector
includes an elongate suction port that opens into fluid communication with the suction lumen
of the body. '

8. The sheath assembly of claim 6 or 7, wherein the rearward end portion of the
connector includes an elongate lumen port that opens into fluid communication with the
scope lumen of the body, the lumen port being connectable in fluid communication with a
second source of negative pressure for evacuating the scope lumen, the lumen port being
collapsibly respOnsive to such evacuation as an indication of the fluid-tight integrity of the

scope lumen when the sheath assembly is used in service.

0. The sheath assembly of claim 8, wherein the rearward end pQrtion of the connector
has at least one flap disposable on the handle portion of the endoscope, the flap being liftable

manually from the handle portion to break the seal between the connector and the handle

portion of the endoscope when the scope lumen 1s evacuated.

10. The sheath assembly of any one of claims 7 to 9, further compﬁsing:
a valve connected in fluid communication with the suction port; and
a clip for holding the valve, the clip being mountable to the handle portion of the

endoscope.

11.  The sheath assembly of any one of claims 1 to 5, further comprising a connector
extending longitudinally between a forward end portion that coaxially surrounds the first and
second proximal end openings and a rearward end portion configured to fit onto the handle

portion of the endoscope.

12. The sheath assembly of claim 1 or 2, wherein the body further comprises at least one
rib member extending along at least a portion of the longitudinal axis, the at least one rib
member extending radially within the suction lumen from a distal end integral with one of

the first and the second wall sections to a proximal end disposed oppdsite the other one of the
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first and the second wall sections and being bearable thereon to support the suction lumen

when the first source of negative pressure is applied.

13. The sheath assembly of claim 12, wherein the proximal end of the at least one rib

member 18 free from contact with one of the first and second wall sections.

14. The sheath assembly of claim 12 or 13, wherein the at least one rib member extends

along the entire longitudinal axis.

15. The sheath assembly of claim 12, wherein the plug further comprises:

a first wall section that extends radially about a lohgitudinal axis; and

a second wall section that extends radially about at least a portion of the first wall
section of the plug and longitudinally along the longitudinal axis of the first wall section
between a distal c;pening and a proximal opening,

wherein each of the second wall section of the plug, the proximal opening of the
plug, and the distal opening of the plug collectively define a suction opening, and

wherein a portion of the second wall section of thé plug forms a wall that extends
longitudinally between the distal and proximal openings, the wall being longitudinally

aligned with the at least one rib member.

16. The sheath assembly of any one of claims 1 to 14, wherein the plug has a cross-

sectional profile that mirrors a cross-sectional profile of the tubular body.

CA 28147725 2017-07-06



PCT/US2011/056384

WO 201

119




CA 02814725 2013-04-12
WO 2012/051545 PCT/US2011/056384

2/9 «




CA 02814725 2013-04-12
WO 2012/051545 PCT/US2011/056384

3/9




CA 02814725 2013-04-12

PCT/US2011/056384

WO 2012/051545

4/9




WO 2012/051545

62

CA 02814725 2013-04-12
PCT/US2011/056384

o/

64
\ 72
74

66
- 76
72 \/ / _
(2 )& L2 s
g 8o

'IIIII"I‘ VAV DR S s i

o
N

7 7 7
|
|
|
|
|
|
|
|
|

',,,I ”""'.-v

Fig. 5C



22222222222222222222




PCT/US2011/056384

WO 201

719




PCT/US2011/056384

- WO 201

8/9




PCT/US2011/056384

WO 201







	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - abstract drawing

