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SYSTEMS AND METHODS FOR GENERATING A FLUID BEARING FOR AN
OPERATIVE PROCEDURE

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Application No.
62/166,479 titled “Endoscope Insertion Assisted by Fluid Bearing Effect,” filed May 26,
2015. The provisional application is incorporated by reference herein as if reproduced
in full below.
BACKGROUND

[0002] Medical endoscopes are inserted axially into the patient through a small
orifice, incision, or other entry point, often using significant force to first expand the
constriction and then overcome sliding friction between the orifice and the outer
surface of the endoscope as it is advanced further. The difficulty in insertion often
causes discomfort and trauma for the patient and frustration for the clinician. In many
applications, the critical dimension of the orifice is smaller than the diameter of the
endoscope cross-section, which means the orifice expands to accommodate the
endoscope. Depending on the tissue structure, mechanical properties, and proximity
to nerves, the deformation caused by insertion of the endoscope may result in tissue
trauma and pain.

[0003] To reduce pain, many times the diameter of the endoscope is reduced;
however, the diameter must be large enough to contain the functional components of
the endoscope, and as such the diameter is often practically limited and other

methods of reducing tissue trauma and pain may be developed.

SUMMARY
[0004] In an embodiment, a method of performing a surgical procedure, comprising:
positioning a distal tip of a endoscopic device to abut an aperture into an operative
cavity, the endoscopic device defines perforations disposed along a length of a first
portion of a distal end of the endoscopic device, and the perforations in fluid
communication with a fluid path within the endoscopic device; forming a fluid bearing
between an inside surface of the aperture and an outside surface of the distal end of
the endoscopic device by: establishing a fluid flow along the fluid path and through the
1
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perforations; and inserting at least the first portion of the distal tip of the endoscopic
device through the aperture as the fluid flows through the perforations.

[0005] In an embodiment, a system comprising. a sheath comprising an elongate
shaft that defines a central axis, a proximal end, a distal end; an endoscope
telescoped at least partially within the sheath to form an endoscope-sheath
combination, the endoscope defines a working channel and an optical channel along a
length of the endoscope; a view port defined on a proximal end of the endoscope; a
visualization conduit that extends through the optical channel and into the view port; a
fluid path defined by an annular space between an interior surface of the sheath and
an exterior surface of the endoscope telescoped within the sheath; a fluid port
defined on the proximal end of the sheath, the fluid port in fluid communication with
the fluid path, and the fluid port fluidly coupled to a discharge port of a fluid pump; and
a means for establishing a fluid bearing during insertion of the endoscope-sheath
combination into an aperture, the means for establishing the fluid bearing defined on
the distal end of the endoscope-sheath combination.

[0006] A method of performing a surgical procedure, comprising: positioning a distal
tip of a endoscopic device to abut an aperture into a patient’'s body, the endoscopic
device defines perforations disposed along a length of a first portion of a distal end of
the endoscopic device, and the perforations in fluid communication with a fluid path
within the endoscopic device; forming a fluid bearing between an inside surface of the
aperture and an outside surface of the distal end of the endoscopic device, the forming
by: establishing a fluid flow along the fluid path and through the perforations; and
inserting at least the first portion of the distal tip of the endoscopic device through the
aperture as the fluid flows through the perforations.

[0007] A method comprising: positioning a distal tip of a endoscopic device to abut
an aperture into an operative cavity, the endoscopic device comprises an endoscope
telescoped within a sheath, the endoscope and sheath define a fluid path along an
annular space between an interior surface of the sheath and an exterior surface of the
endoscope, and the endoscope and sheath define a discharge outlet circumscribing
the endoscope at a distal tip of the sheath; forming a fluid bearing between an inside
surface of the aperture and an outside surface of the endoscopic device by:

establishing a fluid flow along the fluid path and out through the discharge outlet; and
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inserting at least a first portion of the distal end of the endoscopic device through the
aperture as the fluid flows through the discharge outlet.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] For a detailed description of exemplary embodiments, reference will now be
made to the accompanying drawings in which:
[0009] FIG. 1 shows a system in accordance with at least some embodiments;
[0010] FIG. 2 shows a perspective view of an endoscopic device comprising an
endoscope telescoped in a sheath in accordance with at least some embodiments;
[0011] FIG. 3A shows a magnified perspective view of the distal end of an example
endoscopic device in accordance with at least some embodiments;
[0012] FIG. 3B shows a magnified perspective view of the distal end of an example
endoscopic device in accordance with at least some embodiments;
[0013] FIG. 4 shows an exploded view of each of the endoscope and the sheath,
separately with the central axis along which both devices are aligned when the
endoscope is telescoped within the sheath in accordance with at least some
embodiments;
[0014] FIG. 5 shows an elevation view of the distal end of an endoscopic device in
relationship to a cross-sectional view of an orifice, to show use of a fluid-bearing in
accordance with at least some embodiments;
[0015] FIG. 6 shows an elevation view of the distal end of an endoscopic device in
relationship to a cross-sectional view of an orifice, to show reversal of fluid flow in
accordance with at least some embodiments;
[0016] FIG. 7 shows an elevation view of the distal end of an endoscopic device in
relationship to a cross-sectional view of an orifice, to show use of a fluid-bearing in
accordance with at least some embodiments;
[0017] FIGS. 8A-8C are cross-sectional partial views of a distal tip of an endoscopic
device taken along the center axis and illustrate various fluid bearings that may be
employed to form a fluid bearing as discussed herein in accordance with at least some
embodiments;
[0018] FIG. 8D is a magnified partial view of a distal tip of an endoscopic device
taken along the center axis and illustrates a fluid bearing that may be employed to

form a fluid bearing in accordance with at least some embodiments; and
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[0019] FIG. 9 is a flow chart for a method of forming a fluid bearing in accordance
with at least some embodiments.
DEFINITIONS

[0020] Certain terms are used throughout the following description and claims to
refer to particular system components. As one skilled in the art will appreciate,
different companies may refer to a component by different names. This document
does not intend to distinguish between components that differ in name but not
function. In the following discussion and in the claims, the terms “including” and
“‘comprising” are used in an open-ended fashion, and thus should be interpreted to

”

mean “including, but not limited to ... .” Also, the term “couple” or “couples” is
intended to mean either an indirect or direct connection. Thus, if a first device couples
to a second device, that connection may be through a direct connection or through an
indirect connection via other devices and connections.

[0021] A “visualization conduit” shall mean a medium through which visualization
takes place during use of an endoscope. The visualization conduit may be, for
example, a rod lens or an optical fiber bundle. The fact that the visualization conduit
can carry illumination to the viewing area shall not obviate the status as a visualization
conduit.

[0022] A “light fiber bundle” shall mean a plurality of optical fibers through which light
is carried to illuminate an area of visualization (the visualization through a separate
visualization conduit). The fact that each optical fiber can theoretically be used to
provide visualization, albeit of low resolution, shall not obviate the status a light fiber
bundle (individually or as a group) as a light fiber bundle.

[0023] “Blunt front” shall mean an endoscope or sheath whose distal tip has only a
single feature, and that single feature forms a plane perpendicular to a central axis of
the endoscope or sheath.

[0024] “Coplanar,” with respect to features of endoscopes, sheaths, or components
that are assembled to construct an endoscope, shall also include parallel planes
defined by the respective features where the perpendicular distance between the
planes is 0.5 millimeters or less.

[0025] “Fluid bearing” shall mean a layer of fluid flowing into a volume between an
outside surface of an endoscopic device (e.g., an endoscope and/or sheath) and an

inside surface of an aperture into which the endoscopic device is inserted. The fluid
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bearing reduces the force of insertion of the endoscopic device relative to insertion of
the endoscopic device without such fluid flowing.

[0026] “Endoscopic device” shall mean an endoscope alone, or a combination device
comprising an endoscope telescoped within a sheath.

[0027] “Above,” in relation to a fluid bag (e.g., saline bag) and a component, shall
mean the fluid bag has a higher elevation than the recited component measured with
respect to local gravity.

[0028] “Straight through-holes,” in relation to the perforations disposed on the distal
end of an endoscopic device, shall mean perforations where each perforation defines
a central axis and the central axis defined by each perforation is perpendicular to a
central axis of the endoscopic device.

[0029] “Angled through-holes,” in relation to the perforations disposed on the distal
end of an endoscopic device, shall mean perforations where each perforation defines
a central axis and the central axis defined by each perforation is non-perpendicular to
a central axis of the endoscopic device.

[0030] “Tapered through-holes,” in relation to the perforations disposed on the distal
end of an endoscopic device, shall mean perforations in the shape of conical frustums,
where each perforation defines a central axis, a first bore on the outside surface of a
sheath of the endoscopic device and a second bore on the inside surface of the
sheath, and the central axis defined by each perforation may be perpendicular to a
central axis of the endoscopic device or may be at an angle other than perpendicular
to the central axis, and the first bore comprising a larger diameter than the second

bore.

DETAILED DESCRIPTION
[0031] The following discussion is directed to various embodiments of the invention.
Although one or more of these embodiments may be preferred, the embodiments
disclosed should not be interpreted, or otherwise used, as limiting the scope of the
disclosure, including the claims. In addition, one skilled in the art will understand that
the following description has broad application, and the discussion of any embodiment
is meant only to be exemplary of that embodiment, and not intended to intimate that

the scope of the disclosure, including the claims, is limited to that embodiment.
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[0032] A number of solutions are currently employed in endoscope design to
decrease the insertion force. For example, an endoscopic device cross sectional
diameter may be reduced in a design to decrease insertion force and pain, however,
cross sectional diameter is practically limited by the endoscopic device’'s internal
functional components. In addition, a number of tip features may be employed to
decrease insertion force, including tapered or angled geometries to create a wedge
effect. Other dilation instruments may be used to stretch the orifice prior to
endoscopic device insertion, however a “blind entry” technique may result in
undetected internal injuries, and over-dilation may cause leakage around the
endoscopic device in procedures where distension media is employed. Biocompatible
lubricants are sometimes used to reduce sliding friction between the tissue and the
outer surface of the endoscopic device as it is advanced; lubricants can spread and
contaminate other surfaces within the operating field. Moreover, in scenarios where
the insertion force is relatively high, the lubricant may be ineffective.

[0033] In procedures such as hysteroscopy, where endoscopy is enabled by a
distending fluid medium, a technique called “hydro-dilation” is employed to decrease
the insertion force. As the endoscopic device is inserted, pressurized fluid is ejected
from the distal tip of the endoscopic device, forcing the orifice to expand ahead of the
endoscopic device as it is advanced. The hydro-dilation technique is effective in
reducing the force employed to initially expand the orifice at the tip of the endoscopic
device. However once the tip has passed through the orifice, the tissue is free to
collapse around the outer surface of the endoscopic device and cause significant
sliding friction forces and resultant tissue trauma, which may result in increased
discomfort and healing time.

[0034] With the historical background in mind, the various example embodiments are
directed to utilizing a fluid pumped through the endoscopic device and discharged at
or near the insertion point, where the fluid acts as a linear bearing or a fluid bearing to
reduce insertion force. Consider, as an example, the introduction of a pressurized
fluid layer between the orifice and the outer surface of the endoscopic device as the
endoscopic device is advanced, effectively creating a fluid bearing between the orifice
and the endoscopic device. The fluid is introduced at a pressure great enough to
interrupt the sliding friction contact between the endoscopic device and the tissue.

The insertion force will therefore be governed instead by the shear forces induced in

6
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the fluid as the endoscopic device is advanced. At most fluid viscosities (except for
extremely high viscosity), the insertion force will be significantly lowered from the
insertion force used when the endoscopic device and tissue make sliding frictional
contact. The example embodiments discussed herein make use of fluid (e.g., isotonic
fluid like saline) which is already used for other reasons in various procedures. In
contrast to hydro-dilation, the various example embodiments of forming a fluid bearing
actively decrease the frictional force on the outer surface of the endoscopic device.
[0035] FIG. 1 shows a system 100 for creating a fluid bearing. In an embodiment,
the system 100 comprises an endoscopic device 104, the distal tip 224 of which is
inserted through an aperture 102; the endoscopic device 104 is connected to a fluid
pump 106 and a fluid reservoir 112 (such as a saline bag). In various embodiments,
the fluid pump 106 may comprise a rechargeable battery pack or may be coupled to a
battery pack or a wall socket (not shown). It is appreciated that, in various
embodiments, the fluid pump 106 may be fluidly coupled to a separate fluid reservoir
112, and in alternate embodiments the fluid pump 106 may comprise a fluid reservoir.
The fluid pump 106 may in some embodiments be a peristaltic pump (as shown). In
an embodiment where the fluid reservoir 112 is separate, it may be coupled to the
pump 106 and/or the fluid line 108, or may be in direct fluid communication with the
fluid port 206 and/or the fluid port 214.

[0036] In an embodiment, the pump 106 is coupled to the endoscopic device 104 by
way of an inflow port 206 and a fluid port 214. The inflow port 206 is in fluid
communication with a working channel (308 as shown in FIG. 3) and the pump 106
may supply fluid from the fluid reservoir to the working channel 308 by way of fluid line
108. For fluid inflow, fluid flows in a first direction from the proximal end 222 towards
the distal end 224 of the endoscopic device 104. In an embodiment, using the
buttons, switches, toggles, or other means on the pump 106, the user may control the
flow of fluid to the working channel 308 (FIG. 3).

[0037] The pump 106 may also be fluidly connected via a second fluid line 110 to
fluid port 214; the fluid port 214 may be in communication with a fluid path that may be
used as discussed herein to form a fluid bearing. The fluid bearing may be formed
when fluid is pumped via the second fluid line 110 by the pump 106 towards the distal
end 224 of the endoscopic device 104 and exits through the distal end of the fluid path

through apertures or other features as discussed more below. In some embodiments,
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the fluid flow may be toggled and reversed, for example, by way of one of a plurality of
valves 114. By operation of the valves 114, the second fluid line 110 may also be
coupled to a suction mechanism such as a suction wall pump 118, which may be a
stand-alone feature or which may be part of a unit that may include a plurality of other
controls for power, display, and adjustment of direction and rate of fluid flow. In an
embodiment, the pump 106, which may comprise a peristaltic pump, a positive
displacement pump, or a centrifugal pump, and the plurality of valves 114 may cause
fluid to flow via the fluid line 110 to form a fluid bearing at the distal end 224 between
the outer surface of the endoscopic device 104 and the inside surface of the aperture
102.

[0038] FIG. 2 shows a perspective view of the endoscopic device 104 comprising an
endoscope 202 telescoped in a sheath 204. FIG. 2 illustrates the endoscopic device
104 comprising a central axis 208, a proximal end 222, and a distal end 224 defined
by the distal tips 218 of the endoscope 202 and 220 of the sheath 204. FIG. 2 also
illustrates inflow port 206, and optics port 210 through which light may be provided to a
light fiber bundle. The endoscopic device 104 may also comprise a viewing port 212
that may form an angle a which may be about 40 angular degrees as measured from
the central axis 208 of the endoscopic device 104.

[0039] The viewing port 212 has disposed therein a visualization conduit (not shown)
that extends from the viewing port 212 to the distal end 224. The endoscopic
device 104 further comprises an elongated shaft 216 having a length 226 from a
proximal end 228 of the elongated shaft 216 to the distal end 224. In an embodiment,
the endoscope 204 and the sheath 202 may terminate at the distal end 224 along the
same plane perpendicular to the central axis, and, in alternate embodiments, the
sheath 204 may terminate a predetermined distance from the distal tip 218 of the
endoscope as discussed more below. While perforations 232 are shown in FIG. 2,
and are discussed in further detail below, depending upon the embodiment the
perforations may or may not be employed.

[0040] In an embodiment, the elongated shaft 216 is coupled to an insertion
valve 230, and in use various tools (e.g., shavers, ablation devices) may be
telescoped into the first or working channel (not shown) of the elongated shaft 216
through the insertion valve 230. The sheath 204 comprises fluid port 214 located near

the proximal end of the sheath 204. The fluid port 214, when the valve of the port is
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open, is in fluid communication with a fluid path, which may, in some embodiments, be
referred to as an annular space or channel. The fluid path may be defined by an
outside surface of the endoscope 202 and an inside surface of the sheath 204, as
further illustrated in FIGS. 8A-8D.

[0041] Thus, fluid (e.g., as pumped by the fluid pump 106 shown in FIG. 1) may flow
along the fluid path by way of the fluid port 214 and flow out distal end 224. In
operation in accordance with example methods and systems, the fluid path may be
used to introduce pressurized fluid during endoscopic device insertion; the fluid may
be ejected radially through the perforations 232 as discussed more below or by other
means. The fluid ejected creates a friction-reducing fluid film, referred to as a fluid
bearing, between the sheath 204 and the tissue of an aperture through which the
sheath 204 is inserted.

[0042] In some embodiments, the fluid may be ejected via the perforations 232 that
may be referred to as bores or through-holes. These perforations 232 may be
disposed radially along the outside surface of the sheath 204 and along a length of the
distal tip 220. The perforations 232 may comprise straight through-holes, angled
through-holes, and/or tapered through-holes, or combinations thereof, and enable fluid
flow through the fluid path either towards or away from the distal end 224. The
perforations may be formed as round, elliptical, polygonal, or other shapes or
combinations of various shapes, and may be approximately the same dimensions or
may vary in dimension, depending upon the embodiment.

[0043] FIG. 3A shows a magnified perspective view 300A of the distal end 224 of an
example endoscopic device 104. In particular, FIG. 3 shows an example alignment of
the sheath 204 and the endoscope 202 when the endoscope 202 is telescoped within
the sheath 204. In some embodiments, and as shown, the sheath 204 may terminate
near the distal end 224 of the endoscopic device 104. In an embodiment, a feature
which may be used to create a fluid bearing is defined at the distal end 224 of the
endoscopic device 104, an in the example shown the feature is the set of perforations
232. While an oblique tip is shown in FIG. 3A, the distal end 224 may comprise an
oblique tip, a blunt tip, or other distal tip configurations.

[0044] FIG. 3B shows a magnified perspective view 300B of the distal end 224 of an
example endoscopic device 104. In particular, FIG. 3B shows an example alignment

of the sheath 204 and the endoscope 202 when the endoscope 202 is telescoped
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within the sheath 204. In embodiments as illustrated in FIG. 3B, the sheath 204 may
comprise a discharge outlet or discharge port 306 located near the distal tip 220.
Features such as the discharge port 306 may be employed to form a fluid bearing in
example embodiments when the perforations are not employed. While a blunt tip is
shown in FIG. 3B, the distal end 224 may comprise an oblique tip, a blunt tip, or other
distal tip configurations. In embodiments shown in FIG. 3B the sheath 204 terminates
(at its distal end 218) a predetermined distance 316 before the distal end 220 of the
endoscope, as discussed more below.

[0045] FIG. 4 shows an exploded view of each of the endoscope 202 and the
sheath 204, separately with the central axis 208 along which both devices are aligned
when the endoscope 202 is telescoped within the sheath 204. As discussed at least in
the method in greater detail below, the endoscope 202 may be telescoped in the
sheath 202 to form the endoscopic device 104.

[0046] In various embodiments of the systems and methods discussed herein, a fluid
bearing may be formed by establishing fluid flow axially or radially with respect to a
central axis of the endoscopic device, and some of these embodiments are illustrated
below in FIGS. 5-7. Figure 5 shows an elevation view of the distal end of an
endoscopic device in relationship to a cross-sectional view of an orifice, all to show
use of a fluid-bearing. In particular, FIG. 5 shows an endoscopic device 500 being
inserted into an orifice, such as the cervix 502. The endoscopic device 500 has
perforations 504 out which fluid is pumped during insertion into the cervix 502. The
flow of fluid creates a fluid bearing 510 around the distal tip of the endoscopic device
500 such that the inside diameter of the cervix 502 “rests” upon the fluid as the
endoscopic device 500 is inserted. In the specific case of the uterus, the fluid bearing
created by the fluid flowing out of the perforations 504 may be used in conjunction with
hydro-dilation techniques (as illustrated by arrows 512). Fluid may be radially ejected
through the perforations 504 in the endoscopic device’s outer surface, as in the case
described above with reference to FIG. 5.  Although FIG. 5 shows the fluid being
introduced through a series of perforations radially distributed about the endoscopic
device, the fluid may be introduced by a number of different methods, components,
and features.

[0047] FIG. 6 illustrates an elevation view of the distal end of an endoscopic device

in relationship to a cross-sectional view of the cervix 502. In particular, FIG. 6 shows
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an endoscopic device 500 after insertion. After insertion, the fluid flow through
perforations 504 may be reversed such that the perforations and flow path to which
they fluid couple become the outflow channel for the surgical procedures. Thus,
during the surgical procedure fluid may flow into the operative region (as shown the
uterus) as shown by arrows 512, and fluid flows out through perforations and flow
coupled thereto as shown by arrows 600. Thus, the perforations 504 may serve dual
functions: first acting as a feature out which fluid flows during insertion to create the
fluid bearing; and as an outflow path during the operative procedures.

[0048] FIG. 7 shows an alternate embodiment for creation of the fluid bearing using
the example system as shown in FIG. 3B. In particular, FIG. 7 shows an elevation
view of the distal end of an endoscopic device in relationship to a cross-sectional view
of an orifice, all to show use of a fluid-bearing. In FIG. 7 fluid is introduced by a feature
of the endoscopic device that ejects or directs the fluid flow axially along the
endoscopic device. In particular, the sheath 204 terminates prior to the termination of
the endoscope, creating discharge port 306 (not visible in FIG. 7). The fluid flowing
along the outside diameter of the endoscope 202 creates a fluid bearing 710 around a
length of the distal tip of the device 700 such that the inside diameter of the cervix 702
“rests” upon the fluid of the fluid bearing as the endoscopic device 700 is inserted.
[0049] FIGS. 8A-8C are magnified partial cross-sectional views of a distal tip of an
endoscopic device taken along the center axis and illustrate various embodiments that
may be employed to form a fluid bearing as discussed herein. Elements such as
working channels, optics and visualization channels, and related components are not
illustrated in FIGS. 8A-8C so as not to unduly complicate the figures, but may be
present in the endoscopic device discussed herein. FIGS. 8A-8B are cross-sections
along a plane A-A that is perpendicular to the central axis 208, as discussed above
with respect to FIG. 3A. FIG. 8A illustrates a partial cross-section 800A of a distal tip
of an endoscopic device 104, taken along the central axis 208, that may be similar to
the device 104 in FIG. 2. The fluid path 802, as also illustrated in FIGS. 8B-8D, is
formed between an inside surface 808 of the sheath 204 and an outside surface 810
of the endoscope 202.

[0050] FIG. 8A illustrates a fluid path 802 that extends along the endoscopic device
104, as well as perforations 232A disposed radially around the sheath 204 along a
predetermined portion of the length of the distal tip 220 of the sheath 204. The

11
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embodiment shown in FIG. 8A illustrates a plurality of straight through-holes, where
the walls 806 of each through-hole (perforation 232) are parallel to each other and
perpendicular to the central axis 208. In an embodiment, each perforation 232A
defines a central axis 812 and the central axis 812 defined by each perforation is
perpendicular to a central axis 208 of the endoscopic device 104. In an embodiment,
fluid exits through the perforations 232B as indicated by the outflow arrows 804 in
order to create the fluid bearing.

[0051] FIG. 8B illustrates a fluid path 802 that includes perforations 232A disposed
radially around the sheath 204 along a predetermined portion of the length of the distal
tip 220 of the sheath 204. In an embodiment, fluid exits through the perforations 232B
as indicated by the outflow arrows 804 in order to create the fluid bearing. The
embodiment shown in FIG. 8B illustrates a plurality of angled through-holes, where the
walls 806 of each through-hole (perforation 232) are parallel to each other and each
perforation 232B defines a central axis 814 which is at an angle 3 with respect to the
central axis 208. The angle B may assist in fluid outflow 804 and the creation of the
fluid bearing discussed herein. In an embodiment, fluid exits through the perforations
232B as indicated by the outflow arrows 804 in order to create the fluid bearing.

[0052] FIG. 8C Illustrates a fluid path 802 including tapered through-hole
perforations 232C disposed radially around the sheath 204 along a predetermined
portion of the length of the distal tip 220 of the sheath 204. In an embodiment, fluid
exits through the perforations 232C as indicated by the outflow arrows 804 in order to
create the fluid bearing. Each tapered through-hole of the perforations 232C is
shaped like a conical frustum and defines a central axis 816, a first bore 822 on the
outside surface 818 of a sheath 204 of the endoscopic device and a second bore 820
on the inside surface 808 of the sheath, as well as a smooth transition (e.g., the walls
806) between the first bore 822 and the second bore 820. In an embodiment, each
perforation 232C may define a central axis 816, which is shown as being
perpendicular to the central axis 208 in FIG. 8C, but which may be at angles other
than 90 degrees in various embodiments.

[0053] The embodiment shown in FIG. 8C illustrates a plurality of tapered through-
holes, where the walls 806 of each through-hole (perforation 232C) are angled (not
parallel) to each other, a first wall 806A may be at an angle p with respect to the

central axis 208, and a second wall 806B may be at an angle y with respect to the
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central axis 208. In an embodiment, angles B and y may be equal, and, in other
embodiments, the respective angles may be different. The angles 3 and y may assist
in fluid outflow 804 and the creation of the fluid bearing discussed herein.

[0054] FIG. 8D is a magnified partial view of a distal tip of an endoscopic device
taken along the center axis and illustrates an embodiment that may be employed to
form a fluid bearing as discussed herein. Elements such as working channels, optics
and visualization channels, and related components are not illustrated in FIG. 8D so
as not to unduly complicate the drawing, but may be present in the endoscopic device
discussed herein. FIG. 8D illustrates a fluid path 802, as well as the endoscope 202
extending beyond the sheath 204 at the distal end 224. In embodiment shown, fluid
exits through the distal end 224 by way of the discharge port 306 as indicated by the
outflow arrows 804 in order to create the fluid bearing (e.g., as illustrated in FIG. 7).
[00565] FIG. 9 illustrates a method 900 of performing a surgical procedure using a
fluid bearing. At block 902 of the method 900, a distal tip of an endoscopic device
such as that described in FIGS. 1- 8D is positioned to abut an aperture into an
operative cavity such as a patient's body. At block 904, a fluid bearing is formed
between an inside surface of the aperture and an outside surface of the distal end of
the endoscopic device. The fluid bearing may be formed at block 904 when a fluid flow
is established at block 904a in a first direction. The distal tip is inserted at block 904b
through the aperture during the fluid flow. In an embodiment, the fluid flow is
established at block 904a in a first direction from a proximal end of the endoscopic
device. The fluid flow may be established through a fluid path including the
perforations that may be disposed radially along a length of a first portion of a distal
end of the endoscopic device. The perforations are in fluid communication with the
fluid path within the endoscopic device.

[0056] In an embodiment, forming the fluid bearing at block 904 further comprises
pumping fluid from a fluid source through the outflow (fluid) path, the fluid flowing
radially outward through the perforations. In an alternate embodiment, forming the
fluid bearing at block 904 further comprises pumping fluid through the fluid path and
the perforations, the fluid flow through the perforations having an axial component
relative to a central axis of the endoscopic device. In another embodiment, forming
the fluid bearing at block 904 bearing further comprises pumping fluid through the

fluid path and then axially along the outside surface of the endoscopic device relative
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to a central axis of the endoscopic device. In various embodiments, the perforations
further comprise at least one selected from the group consisting of: straight through-
holes, angled through-holes, and tapered through-holes, as discussed at least in
FIGS. 8A-8C. In an embodiment, positioning the endoscopic device at block 902
further comprises positioning the endoscopic device comprising an endoscope
telescoped within a sheath, and where the perforations reside at the distal end of the
sheath.

[0057] In an embodiment, the method 900 may comprise, at block 902, positioning
the distal tip of a endoscopic device to abut an aperture into an operative cavity, and,
in this embodiment, the endoscopic device comprises an endoscope telescoped within
a sheath, the endoscope and sheath define a fluid path along a fluid path between an
interior surface of the sheath and an exterior surface of the endoscope, and the
endoscope and sheath define a discharge outlet circumscribing the endoscope at a
distal tip of the sheath. At block 904, a fluid bearing is formed between an inside
surface of the aperture and an outside surface of the endoscopic device by
establishing a fluid flow along the fluid (outflow) path and out through the discharge
outlet; at block 904a and inserting at least a first portion of the distal end of the
endoscopic device through the aperture as the fluid flows through the discharge outlet
at block 904b. It is appreciated that, in some embodiments, the first direction
discussed at block 904a may be from a proximal end of the endoscopic device to the
distal end, and that, in alternate embodiments, the first direction may be from a distal
end of the endoscopic device towards the proximal end.

[0058] In some embodiments, at block 906, after insertion at block 904b, the
method may further comprise reversing the flow of fluid along the fluid path during at
least a portion of the surgical procedure. At block 908, the distal tip may be removed
through the aperture while the fluid bearing is maintained, and at block 910, the fluid
flow may be terminated. In some embodiments, at block 904a, establishing the fluid
flow along the fluid path further comprises providing fluid to the fluid path by way of
at least one selected from the group consisting of. a peristaltic pump, a positive
displacement pump, a fluid bag disposed above the fluid port, and a centrifugal
pump. In various embodiments, the working inflow and outflow channels discussed
herein may be used in conjunction with the fluid path via which the fluid bearing is

created.
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[0059] The above discussion is meant to be illustrative of the principles and various
embodiments of the present invention. Numerous variations and modifications will
become apparent to those skilled in the art once the above disclosure is fully
appreciated. For example, various combinations of perforations types, number,
geometry, and size may be employed in different embodiments and may be employed
along varying lengths of the endoscopic device. It is intended that the following claims

be interpreted to embrace all such variations and modifications.
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CLAIMS
What is claimed is:
1. A method of performing a surgical procedure, comprising:
positioning a distal tip of a endoscopic device to abut an aperture into an
operative cavity, the endoscopic device defines perforations disposed
along a length of a first portion of a distal end of the endoscopic device,
and the perforations in fluid communication with a fluid path within the
endoscopic device;
forming a fluid bearing between an inside surface of the aperture and an
outside surface of the distal end of the endoscopic device by:
establishing a fluid flow along the fluid path and through the
perforations; and
inserting at least the first portion of the distal tip of the endoscopic
device through the aperture as the fluid flows through the

perforations.

2. The method of claim 1 wherein positioning the endoscopic device further
comprises positioning the endoscopic device comprising an endoscope telescoped

within a sheath, and where the perforations reside at a distal end of the sheath.

3. The method of claim 1, wherein forming the fluid bearing further comprises
pumping fluid from a fluid source through the fluid path and the perforations, the fluid

flowing radially outward through the perforations.

4. The method of claim 1, wherein forming the fluid bearing further comprises
pumping fluid through the fluid path and the perforations, the fluid flow through the
perforations having an axial component relative to a central axis of the endoscopic

device.

. The method of claim 1, wherein forming the fluid bearing further comprises
pumping fluid through the fluid path and then axially along the outside surface of the

endoscopic device relative to a central axis of the endoscopic device.
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6. The method of claim 1, wherein the fluid path is defined by an annular space
between an interior surface of a sheath and an exterior surface of an endoscope

telescoped in the sheath.

7. The method of claim 6, further comprising, after insertion, reversing the flow of

fluid along the annular space for the surgical procedure.

8. The method of claim 1, wherein the perforations further comprises at least one
selected from the group consisting of: straight through-holes; angled through-holes;

and tapered through-holes.

9. A system comprising:

a sheath comprising an elongate shaft that defines a central axis, a proximal
end, a distal end;

an endoscope telescoped at least partially within the sheath to form an
endoscope-sheath combination, the endoscope defines a working
channel and an optical channel along a length of the endoscope;

a view port defined on a proximal end of the endoscope;

a visualization conduit that extends through the optical channel and into the
view port;

a fluid path defined by an annular space between an interior surface of the
sheath and an exterior surface of the endoscope telescoped within the
sheath;

a fluid port defined on the proximal end of the sheath, the fluid port in fluid
communication with the fluid path, and the fluid port fluidly coupled to a
discharge port of a fluid pump; and

a means for establishing a fluid bearing during insertion of the endoscope-
sheath combination into an aperture, the means for establishing the fluid

bearing defined on the distal end of the endoscope-sheath combination.
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10. The system of claim 9, wherein the means for establishing a fluid bearing
further comprises perforations extending through a portion of the distal end of the

elongate shaft of the sheath.

11. The system of claim 10, wherein the perforations are disposed radially around a
circumference at the distal end of the elongate shaft and along a predetermined axial

length of the elongate shaft.

12. The system of claim 10, wherein the perforations further comprises at least one
selected from the group consisting of: straight through-holes, angled through-holes,

and tapered through-holes.

13.  The system of claim 9 wherein the means for establishing a fluid bearing further
comprises a distal portion of the endoscope extending beyond a distal tip of the
sheath, and a discharge outlet from the fluid path circumscribing an outside diameter

of the endoscope.

14. The system of claim 9, further comprising a means for decoupling the
discharge port of the fluid pump from the fluid port of the sheath, and thereafter

coupling a suction port of the fluid pump to the fluid port.

15.  The system of claim 9 wherein the fluid pump is at least one selected from the
group consisting of. a peristaltic pump; a positive displacement pump; a fluid bag

disposed above the fluid port; and a centrifugal pump.

16. A method of performing a surgical procedure, comprising:
positioning a distal tip of a endoscopic device to abut an aperture into a
patient's body, the endoscopic device defines perforations disposed
along a length of a first portion of a distal end of the endoscopic device,
and the perforations in fluid communication with a fluid path within the
endoscopic device;
forming a fluid bearing between an inside surface of the aperture and an

outside surface of the distal end of the endoscopic device, the forming

by:
18



WO 2016/191422 PCT/US2016/033921

establishing a fluid flow along the fluid path and through the
perforations; and

inserting at least the first portion of the distal tip of the endoscopic
device through the aperture as the fluid flows through the

perforations.

17.  The method of claim 16 wherein positioning the endoscopic device further
comprises positioning the endoscopic device comprising an endoscope telescoped

within a sheath, and where the perforations reside at the distal end of the sheath.

18. The method of claim 16, wherein forming the fluid bearing further comprises
pumping fluid from a fluid source through the fluid path and the perforations, the fluid

flowing radially outward through the perforations.

19.  The method of claim 16, wherein forming the fluid bearing further comprises
pumping fluid through the fluid path and the perforations, the fluid flow through the
perforations having an axial component relative to a central axis of the endoscopic

device.

20.  The method of claim 16, wherein forming the fluid bearing further comprises
pumping fluid through the fluid path and then axially along the outside surface of the

endoscopic device relative to a central axis of the endoscopic device.

21.  The method of claim 16, wherein the fluid path is defined by an annular space
between an interior surface of a sheath and an exterior surface of an endoscope

telescoped in the sheath.

22.  The method of claim 21, further comprising, after insertion, reversing the flow

of fluid along the annular space for the surgical procedure.

23. The method of claim 16, wherein the perforations further comprises at least one
selected from the group consisting of: straight through-holes; angled through-holes;

and tapered through-holes.
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24. A method comprising:
positioning a distal tip of a endoscopic device to abut an aperture into an
operative cavity, the endoscopic device comprises an endoscope
telescoped within a sheath, the endoscope and sheath define a fluid
path along an annular space between an interior surface of the sheath
and an exterior surface of the endoscope, and the endoscope and
sheath define a discharge outlet circumscribing the endoscope at a
distal tip of the sheath;
forming a fluid bearing between an inside surface of the aperture and an
outside surface of the endoscopic device by:
establishing a fluid flow along the fluid path and out through the
discharge outlet; and
inserting at least a first portion of the distal end of the endoscopic
device through the aperture as the fluid flows through the

discharge outlet.

25. The method of claim 24, wherein forming the fluid bearing further comprises
pumping fluid through the fluid path and then axially along the outside surface of the

endoscopic device.

26. The method of claim 24, further comprising, after inserting, reversing the flow

of fluid along the annular space for an operative procedure.

27. The method of claim 24, wherein establishing the fluid flow along the fluid
path further comprises providing fluid to the fluid path by way of at least one selected
from the group consisting of. a peristaltic pump; a positive displacement pump; a

fluid bag disposed above the fluid port; and a centrifugal pump.
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