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DESCRIPTION

[0001] The present invention relates a tubular drape for covering an endoscopic camera and a
container for storage of and dispensing of such drape.

[0002] Modern surgical endoscopes can be connected to video cameras In order to generate
and display an mage. For this purpose, e.g., the International standard ISO/TS
18339:2015(en) "Endotherapy devices - Eyepiece cap and light guide connector” specifies the
design of the eyepiece cap and the light guide connector of an endoscope to enable the
combination of products from different manufacturers. The eyepiece cap Is the part of the
endoscope located at the proximal end of the endoscope to which a photographic or video
camera can be attached. As specified by said standard, the eyepiece has a generally conical
shape with a lumen for optical image transmission. There may be similar specifications in other
standards. This invention i1s not limited to endotherapy, but may be applied in all fields of
endoscopy.

[0003] VWhile the endoscope can be sterilized, a camera for use with the endoscope Is usually
not sterile. In order to maintain surgical sterility, the camera can be covered or enclosed by a
sterile drape or the like. One way of covering the camera I1s by attaching a drape, such as a
tubular plastic film to the eyepiece cap and enclosing the camera. Couplers may be used to
maintain the sterile barrier when changing the endoscope. With such a coupler, the endoscope
may be exchanged during an ongoing surgery while maintaining the sterile barrier.

[0004] Independent of the use of a coupler, the application of the drape In the surgical
environment may be challenging, considering the risk of breaking the sterile barrier or creating
a barrier which is not sterile in the first place. VWWhen covering a camera with an attached cable
with a tubular drape, this drape needs to be drawn over the camera while upholding sterility at
the required places.

[0005] A tubular drape comprising a sleeve and a ring-shaped former is known from US
6,123,080. A proximal region of the drape i1s mounted on a radial outer periphery of the tubular
former with a snug fit in multiple layers, wherein the drape (sleeve) can be retrieved from the
tubular former by pulling it off, layer for layer. This solution, however, has the disadvantages of
a complex and expensive multi-part tubular former, a complex and expensive assembly
procedure In order to wind the snug-fit onto the former. In use, this solution has the further
disadvantage of a fixed-geometry former, the diameter of which irreversibly defining the
devices compatibility with surgical equipment to be covered.

[0006] Another tubular drape Is known from US 5,078,483. This device has a substantial
drawback In that it needs to be removed In the direction of the endoscope because the
equipment covered by drape cannot be passed therethrough. A further disadvantage is the
complex mounting procedure involving subsequent withdrawal of both ends of a tubular drape
from a container. Furthermore, this drape is not compatible with camera coupler devices.
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[0007] JP 2017/074984 A relates to a storage container storing a cylindrical drape film for a
camera, which covers a camera connected with an endoscope. The container includes an
Inner container having an annular bottom part on which the drape film for the camera is placed
and an outer wall part and an inner wall part; and an outer container having an annular ceiling
part and a wall part extending downward from an outer peripheral end of the ceiling part. The
Inner container and the outer container are assembled so that an outer side surface of the
outer wall part and an inner side surface of the wall part contact with each other and the ceiling
part covers an upper end of the inner wall part. The outer wall part iIs moved relative to the wall
part to adjust a space of a drawer part which is formed between a tip of the inner wall part and
the celling part.

[0008] US 5,971,716 discloses process for manufacturing a video camera cover comprising
the steps of attaching one side of a sleeve-shaped cover means to a rigid case, inserting the
rigid case with one end of the cover means attached thereon to a pole mounted on a base, so
that the cover means can be inserted into the case, and gradually crushing said cover means
Into that case.

[0009] The present invention aims at overcoming or at least minimizing these problems. In
particular, it i1s an object of the present invention to provide a device for reliably creating a
sterile operation theatre and allowing easy and safe application of a tubular drape to cover
surgical equipment. This object I1s achieved with the device as recited In the Independent
device claim. Embodiments of the Iinvention are recited In the dependent claims. Further
embodiments are recited In the description. Furthermore, the present invention aims at
providing a method for manufacturing a device comprising a tubular drape and a container In
an economic and reliable manner. This object Is achieved with the method as recited in the
appended claims. Embodiments of the invention are recited in the dependent claims.

[0010] The present invention relates to a device comprising a tubular drape for covering
surgical equipment and a container adapted to accommodate a substantial portion of the
drape In an axially compressed state in a ring-shape, the container being radially inwardly
open. The present invention furthermore relates to a method for manufacturing a device
comprising a tubular drape and a container.

[0011] The device may be used for covering surgical equipment such as cameras for
endoscopic use and camera cables. When attaching a camera to a camera port of an
endoscope, the image signal transmission cables may extend from the camera to an image
display device, such as a computer with display. Therefore, surgical equipment comprising a
camera and camera cables may have a generally elongate geometry and may flex during use.
A tubular drape, especially an elongate tubular drape, of preferably a flexible material may
therefore be suited for covering such surgical equipment. In order to create a sterile barrier,
the drape may be connected or attached to an endoscope or an intermediate part such as a
coupler and may comprise a sterile barrier side (facing into the operating room) and a non-
sterile barrier side (facing towards the camera and/or cable(s)).



DK/EP 3607907 T3

[0012] When applying or mounting a tubular drape to the surgical equipment to be covered,
the tubular drape may be drawn or pulled over the equipment, starting at one end, in a relative
movement until the surgical equipment is covered Iin an appropriate way.

[0013] The device according to the invention comprises a container adapted to accommodate
a substantial portion of the drape In an axially compressed state. A substantial portion of the
drape 1s a portion of the drape extending along the tubular axis of the drape from a starting
point up to an end point. Typically, this is more than 50 %, more typically more than 70 %, and
preferable more than 90 % of the drape In an axial direction. Such substantial portion may or
may not comprise one or both ends of the tubular drape. Preferably, the container is adapted
to accommodate a substantial portion of the drape Including one drape end. When
accommodated, said portion of the drape Is positioned within the container geometry.

[0014] In an axially compressed state, the tubular drape 1s compressed In the direction of the
tubular axis. In other words, a drape portion does not fully extend in axial direction when it is In
a compressed state, compared to an extended state. This compression may be realized by
folding, stuffing, cramming, crumpling or the like. This compression may be realized by a
concertina style folding. A portion of the drape In an axially compressed state in a ring shape
may have a geometry generally similar to a geometric torus, having an outer periphery and an
Inner periphery leaving an opening Inside the inner periphery. The ring-shape may have a
generally circular shape like a torus, or an elliptical shape, or a polygonal shape or a
combination thereof. A ring-shape may be realized by multiple folded layers of tubular drape
generally transverse or orthogonal to the tubular axis, wherein these layers are stacked on one
another in an axial direction. Instead or in combination therewith, a ring-shape may be realized
by multiple folded layers generally parallel to a drape tube perimeter wall, wherein these layers
are stacked on one another In a radial direction. A ring-shape may also be realized by
cramming the drape into a ring-shaped geometry. Thereby, a multitude of asymmetric layers or
wrinkles may form a ring-shape. The container may apply forces in an axial direction
corresponding to compression forces of the drape. The container may direct the forces from
one side to the opposite container side In an axial direction. An axial compression may
contribute to hold the drape within the container. Compression forces In axial direction may
result in frictional forces in a radial direction.

[0015] The container may be inwardly open. An inwardly open container is at least partly open
towards the inside of the container. There may be a free space between a portion inside the
container close to its outer periphery and the inner core of the container. This free space may
communicate with the outside of the container, preferably via a first container opening. If, for
example, the container has a generally cylindrical outer shape, there Is a space between the
Inside of the outer cylinder wall and the axis of the cylinder, and this space may allow
communication therebetween. If, however, this container with generally cylindrical outer shape
additionally has an inner geometry with a cylindrical wall extending fully along the axis of the
outer cylinder, then the inner cylindrical wall blocks communication between the inside of the
outer cylindrical wall and the axis of the cylinder. As a further example, a container with the
closed shape of a torus Is not Inwardly open, because the inner torus wall blocks



DK/EP 3607907 T3

communication between the inside of the outer torus wall and the torus axis and because it
does not allow communication with the outside of the container. A container with generally
cylindrical outer shape may have a mandrel extending along only a part of the axis of the
cylinder, leaving a space where it does not extend along the axis of the cylinder for the
container to be inwardly open. If, however, the mandrel extends along the axis up to or beyond
both cylinder ends, then this container may not be inwardly open.

[0016] The drape may be made of a film and/or textile material. A film material may be a
plastic film material such as, e.g., polyethylene or polyvinyl chloride. It may be a textile material
or flm and textile, such as a composite coated textile material. These materials may be
beneficial for the drape to be a sterile barrier and to allow movement of the surgical equipment

covered. A film and/or textile material may be suited for compression of the drape In axial
direction In a ring-shape.

[0017] The container comprises a first sheet and a second sheet, wherein the first sheet and
the second sheet are oppositely arranged, the first sheet having a first opening and the second
sheet having a second opening. A sheet may extend further Iin two dimensions (width and
length) than in a third dimension (height). A sheet may be flexible, thereby possibly taking on
different shapes. A sheet may also be of a solid and/or stiff material. It may flat in a planar
sense or it may be flexed, bent, molded or otherwise shaped In three dimensions. The first
sheet and the second sheet may be made of a film material and/or one or more thermoformed
sheets. Such film material may be a foil, a paper, a pasteboard, a cardboard or another
material. The first sheet and the second sheet may be individual parts, they may also be
portions of other parts or they may be integrally shaped, even with both sheets formed in one
Integral part. The first and the second sheet may be made from one sheet. The sheets may
form ends of the container In the two axial directions. The sheets may delmit an
accommodated drape portion In axial direction. The container may comprise one sheet made
of a thermoformed sheet and the second sheet made of a film material, the thermoformed
sheet being deep-drawn or otherwise thermoformed In an axial direction with respect to the
tubular axis of an accommodated drape. An opening may be an omission of sheet matenial,
such as a hole. Such opening may be circular, elliptical, polygonal or a combination thereof.

[0018] The first sheet and/or the second sheet may be made from a flexible material so that
the container Is adapted to compress an accommodated ring-shaped portion between the first
sheet and the second sheet. A flexible sheet may flexibly react to the accommodated drape
portion and adapt its shape. This shape may vary, depending on the degree and technique of
compression. At the same time, the compression may vary depending on the material and
shape of the container.

[0019] The first opening 1s configured for withdrawal of the drape from the container. When a
portion of the drape is accommodated within the container, the portion or a sub-portion thereof
may be withdrawn from the container by moving it through the first opening. A diameter of the
first opening may be smaller than a diameter of the tubular drape In a radially extended state.
In that case, the drape may be locally and temporarily radially compressed or tapered in order
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to pass through the first opening. The first opening may resemble a bottleneck in this case, the
drape to be threaded through the bottleneck. |If a sub-portion of the drape is withdrawn through
the first opening, the remainder may remain inside the container. A withdrawal may take place
In a discrete layer-by-layer manner or in a continuous manner. Withdrawal may be realized by
pulling a drape portion which Is not accommodated inside the container away from the
container in a direction similar or equal to the direction of the tubular axis. Withdrawal may be
imited by attaching the drape to the container or unlimited, allowing full withdrawal of the
drape. The same may apply to the second opening, in this case with withdrawal of the drape In
the opposite direction compared to the first opening. Frictional forces may apply between the
container and the drape. Specifically, frictional forces may apply between an accommodated
portion to be withdrawn and the first sheet. The accommodated drape portion may be In a
compressed state, with compression forces corresponding to forces between container and
drape In axial direction. Compression forces In axial direction may mechanically influence the
frictional forces of withdrawal. As the drape I1s withdrawn and as less drape sub-portions
remain accommodated within the container, the compression force may decrease.
Correspondingly, frictional forces may decrease.

[0020] The first and the second opening are configured for passing the surgical equipment to
be covered therethrough. When applying the tubular drape over an elongate surgical
equipment In the direction of the tubular axis, this may involve or require withdrawal of an
accommodated portion of the drape from the container. This may be realized by placing the
container at a position relative to the equipment, e.g. one end of the equipment, and then
withdrawing the drape In the direction of the equipment with an end of the drape first. Instead,
a drape end may be held relative to the equipment or attached to the equipment wherein the
container I1s pulled over the elongate equipment, thereby withdrawing drape sub-portions
continuously while pulling the container away from the drape end. For this purpose, the first
and the second opening may be configured for passing the surgical equipment to be covered
therethrough. The first and the second opening may be circular. They may have a diameter
larger than that of equipment to be covered. They may be configured for both the drape and
surgical equipment to pass therethrough. In particular, in case of a bottleneck configuration,
the drape may be between the opening and the surgical equipment in a radial direction. The
openings may be variable or flexible, adapting to cross sectional geometries of surgical
equipment passing therethrough.

[0021] An accommodated ring-shaped portion may define an axis and an opening of the
accommodated ring-shaped portion may be configured for passing the surgical equipment
therethrough. The opening of the accommodated ring-shaped portion may be substantially
circular or elliptical. The opening shape may be influenced by a multitude of layers or wrinkles
of accommodated drape In a compressed state. A diameter of the opening In at least one
direction may be larger than that of equipment to be covered and passed therethrough.

[0022] The opening of the accommodated ring-shaped drape portion, the first opening and the
second opening may be substantially aligned relative to the axis. Their axes may be coaxial,
meaning parallel and positioned identically or substantially parallel and substantially close to



DK/EP 3607907 T3

each other with intersections at the device. Aligned axes may be beneficial for and facilitate
passage of surgical equipment therethrough. Aligning the opening of the ring-shaped drape
portion and the first opening may be beneficial for the withdrawal of the drape therethrough.
The first opening may be a bottleneck for the drape, and the drape may thread well
therethrough when aligned therewith.

[0023] The first sheet may comprise a dispensing lip at an edge region of the first opening.
The dispensing lip may be open or closed or may include multiple lips. It may be circular or
elliptical or polygonal. The lip may be flexible and may adapt when forces are applied, yet the
dispensing lip preferably does not tear, e.g., along any perforations or the like. It may be
closed and resist tensile forces. The dispensing lip may, when In a bottleneck configuration,
and a drape Is threaded therethrough, withstand forces applied in radial and/or axial directions.
In combination with a first sheet and a second sheet the dispensing lip may both uphold
compression forces In axial direction and at the same time allow retrieval of the drape. The
dispensing lip may be adapted to provide friction when in contact with another material, e.g.,
the drape. The dispensing lip may be of an elastic or non-elastic material. The first sheet may
comprise an attachment portion located radially outside of or away from the dispensing lip,
wherein the attachment portion may connect the first sheet with the second sheet. The second
sheet may have a corresponding attachment portion. The container may comprise a cylinder
member, the cylinder member being generally cylindrical and connecting the first sheet and the
second sheet. Instead, the attachment portion may directly connect the first and the second
sheet, the first and the second sheet may together form the body of the container. The
attachment portion may circumferentially surround the dispensing lip.

[0024] A first end of the drape Is attached to the container and/or a first end of the drape Is
Inside the container and the other end of the drape is free to be coupled with surgical
equipment or attached to a coupler for coupling surgical equipment to a camera. The first end
may be part of a portion of the drape accommodated in the container. The other end is be free
to be coupled with surgical equipment, meaning not accommodated inside the container and
therefore not withdrawn. The withdrawal of drape from the container may be realized by pulling
the other end away from the container until a part of or the entire drape 1s withdrawn. VWhen
the drape Is (almost) fully withdrawn from the container, an attachment between the two may
prevent separation. Such separation may be undesirable during operation because such an
event could hinder the process of reliably constructing a sterile barrier between camera and
surgical environment. When the first end of the drape Is inside the container and attached to
the container, it may be attached to a place inside the container and/or between the first and
the second sheet. The drape may be threaded from inside the container through the second
opening (e.g.,. a second bottleneck) for attachment to the outside of the container. In the latter
case, the first end is attached to the container but not inside the container. The first end of the
drape may not be tubular, deviating from its otherwise geometry. The first end of the drape
may comprise one or more joining flanges, which may be attached to the container. The joining
flanges may be formed from the tubular drape by cutting or otherwise forming one or more
slots In the first end of the tubular drape. The other end of the drape may be attached to a
camera coupler or other surgical equipment.
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[0025] The device may comprise a handling portion. A handling portion may be a portion of the
container configured for manual grasp. It may also be separate part connected to the
container. The handling portion may be formed by the container, preferably by the first sheet
and/or the second sheet. The first and second sheets may be attached radially outside of an
accommodated ring-shaped drape. The first and the second sheets may attached in a parallel
or coplanar way. The first and the second sheets may extend radially beyond their attachment
portion to form one or more handling portions radially outside of an accommodated ring-
shaped drape. The handling portions may be two handling portions arranged oppositely, suited
for grasp with one hand each.

[0026] The handling portion may comprise a non-sterile portion. A non-sterile portion may be a
portion to be grasped by non-sterile surgical staff. In the surgical context, creating a sterile
barrier may require differentiation between sterile and non-sterile areas. In the example of
elongate covering surgical equipment with a tubular drape, a relative movement between the
equipment and the drape may be required. If, for example, surgical equipment to be covered is
not sterile but needs to be grasped and handled, then these non-sterile hands must not touch
sterile parts of the drape, specifically the outside of the tubular cover. Non-sterile areas on the
device may aid In clearly and safely creating the sterile barrier by clearly indicating where
which hand may grasp. A non-sterile area may, e.g., be indicated by a color deviating from
sterile areas.

[0027] The device may also comprise a mandrel. A mandrel may have a cylindrical shape and
may be radially inside of an accommodated ring-shaped drape portion. The mandrel may
delimit the ring-shaped drape In radially inward direction, defining the opening at that position.
It may be of a flexible or rigid material. The mandrel may leave an opening between the
mandrel and the first opening for drape to pass when withdrawn. For the container to be
iInwardly open, the mandrel may not extend axially up to or beyond both ends of the container
or up to or beyond both the first sheet and the second sheet without leaving an opening. The

Invention does not necessarily and generally require a mandrel. It may, however, be useful In
the above-described context.

[0028] The container may have a ring-shaped dispensing opening. The ring-shaped
dispensing opening may be formed between an outside of an inner core of the container and
an inner circumference of a dispensing lip of an outer container part. An inner core of the
container may be radially inward with respect to an outer container part. The inner core may
have a ring-shape. The inner core may be a container mandrel. An axis of the inner core and
an axis of an outer container part may be aligned. An outer container part may be formed by a
first sheet and/or a second sheet. A dispensing opening may be ring-shaped when an inner
core limits on the inside and an outer container part Iimits it on the outside with respect to a
ring axis. A ring-shaped opening may be a ring-shaped gap between an outer container part
and an inner core of the container. An outside of an inner core may be the outer circumference
of an inner core of the container.
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[0029] A ring-shaped dispensing opening may correspond to a first opening In a first sheet. A
dispensing lip of an outer container part may correspond to a dispensing lip at an edge region
of the first opening. An inner core may be integrally formed with a second sheet. An inner core
may extend In a direction of a container axis within the limits of a first sheet and a second
sheet, It may also extend beyond a first sheet and/or beyond a second sheet in an axial
direction.

[0030] The first sheet and the second sheet and/or further container parts may be adhesively
connected or welded together. This may be done, for example, by thermo welding or ultrasonic
welding. An adhesive connection may apply glue or other means of adhesion like an adhesive
film. This connection may be established by means of a closed seam, preferably a seam
circumferentially surrounding an accommodated ring-shaped drape. A seam (preferably
closely) surrounding an accommodated drape may have the advantage of limiting lateral
movement of the drape and defining the ring-shape and/or its compression. Instead, the seam
may be open or split into multiple seams. The sheets may form handling portions which may
comprise further seams. Further container parts may also be connected. The drape, preferably
a drape end, may also be connected. One or more joining flanges of the drape may be
connected, e.g. welded Iin between the first and the second sheet.

[0031] The accommodated ring-shaped drape portion may have a mechanical stiffness
substantially contributing to the overall stiffness of the device. Depending on the degree of the
compression and its construction of layers, an accommodated ring-shaped drape portion may
In itself or with its surrounding container provide a noteworthy stiffness. Thus, while the
container i1s otherwise flexible, e.g. because it comprises flexible sheets, the stiffness of the
ring-shaped accommodated drape portion may substantially contribute to the overall stiffness
of the device. In particular, the ring-shaped accommodated drape portion may be the stiffest
component of the overall device. For example, the stiffness of the ring-shaped drape portion
as such i1s at least so that it does not deform substantially or not at all when held at one
arbitrary part of the ring, 1.e., the opposite side from where it i1s held does not deform
downwardly due to the influence of gravity, and preferably also not when an additional mass of
50 g, more preferably 100 g 1s applied to said opposite portion. This feature may reduce the
mechanical requirements and thus the complexity and the costs of the container and allows for
the use of, for example, flexible materials as container parts.

[0032] The shape of the tubular drape Is not restricted to a tube In the sense of a cylinder with
circular cross section. Moreover, the tubular drape may have an elliptical, a polygonal cross
section or a combination thereof. The drape may also be a "layflat”" tubular drape. Such layflat
tubular drapes are typically between 120 mm and 170 mm wide. Accordingly, the
accommodated ring-shaped drape portion, the first and the second opening are not restricted

to strictly circular cross-sections. A combination of geometries between the parts may have
additional advantages with respect to the withdrawal mechanism, the compression and

accommodation, and multiple functions of the devices.

[0033] The ratio between the height of the accommodated ring-shaped drape portion and the
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corresponding length of the extended drape portion in an axial direction may be between 1/50
and 1/150, preferably between 1/75 and 1/125. The drape may have a length between 1800
mm and 3000 mm. The drape may be made of a film material with a thickness between 0.02
mm and 0.06 mm. The first opening, the second opening and/or the opening of an
accommodated ring-shaped drape portion may have at least one diameter of more than 50
mm, preferably more than /0 mm.

[0034] Furthermore, the present invention relates to a method for manufacturing a device
comprising a tubular drape and a container, the method comprising the steps of arranging or
threading a bottom container part on a mandrel, arranging or threading the drape on the
mandrel, arranging or threading an upper container part on the mandrel and on a portion of
the drape, wherein a substantial portion of the drape i1s between the upper container part and
the lower container part and at least one end portion of the drape Is outside of the container
parts. Further steps are compressing the drape In an axial direction between the upper
container part and the lower container part, closing the container, and separating the device
and mandrel. These steps may be performed In the above-given order. However, the order
may also be altered.

[0035] A tubular drape may be of a flexible material, preferably a film material. An upper and
bottom container part may each be of a sheet material, either of a stiff or solid or of a flexible,
e.g., filim-like material. Both container parts may have openings allowing to arrange or thread
them on a mandrel.

[0036] A mandrel may be a cylindrical manufacturing tool. It may be attached to a work desk or
the like. It may be variable in height, also for variation during device manufacturing.

[0037] Arranging or threading a bottom container part on the mandrel may involve threading
the opening of the bottom container part on the tip of the mandrel and then sliding it over at

least a portion of the mandrel, preferably until an end position or end stopper, e.g., onto a work
desk.

[0038] The tubular drape may have a length greater than that of the mandrel. Threading the
drape onto the mandrel may involve threading one end of the drape on the mandrel, sliding
this end along the mandrel. This end first threaded on the mandrel may be called the bottom
end. It may involve threading parts or all of the drape onto the mandrel. It may involve
compressing the drape In its axial direction and/or In the direction of the mandrel axis.
Compressing the drape may be realized by folding or cramming the drape. Cramming may be
realized by moving a tool and/or a hand in an axial direction, thereby sliding a top end In
direction of a bottom end of the drape.

[0039] Arranging or threading an upper container part on the mandrel and on a portion of the
drape may be realized by threading an opening of the upper container part on the mandrel and
on a portion of the drape. This drape portion may comprise the upper end of the drape, which
IS the opposite end of the drape compared to the lower bottom end, which was threaded onto
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the mandrel first. This drape portion may be around the mandrel at the given point. A
substantial portion may be between the upper and the lower container part. This portion of the
drape may be compressed In an axial direction between the upper container part and the lower
container part.

[0040] The container may then be closed. This step may comprise welding or adhesively
connecting the upper and the lower container part while the drape Is compressed Iin an axial
direction. This may involve ultrasonic welding. Ultrasonic weld tools may also be used for drape
compression.

[0041] The device and the mandrel may be separated by removing the device from the
mandrel. Alternatively or in combination, the mandrel may be removed, e.g., mechanically
and/or automatically.

[0042] The drape may be attached to the container. The method may comprise the step of
forming one or more joining flanges of drape material, before or after arranging or threading
the drape on the mandrel. Such joining flanges may be formed by cutting one or more slots
Into the tubular drape. The one or more joining flanges may be attached to the lower and/or
the upper container part. They may be attached inside and/or between the two. They may be
threaded through the lower container part and connected to an outer face of the lower
container part.

[0043] The invention will be further explained by referring to the figures. It is noted that the
figures serve to explain certain features that may be optional to the invention. The figures are
not to be Interpreted In a Iimiting way and any of the features discussed by referring to the
figures may occur, alone or In combination with one or more other features, In other
embodiments.

Fig. 1
shows a schematic perspective view of a device according to an embodiment of the
Invention;

Fig. 2
shows a schematic cross-sectional view of an embodiment of the device according to the
Invention;

Fig. 3
shows the device of Fig. 2 in a top view;

Figs. 4A - 4C

show different geometries of polygon-shaped seams and accommodated drape portions
of embodiments according to the invention;

Fig. 5A
shows a schematic half cross section of an embodiment of the device according to the
Invention;

Fig. 5B
shows a schematic half cross section of a further embodiment of the device according to
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the Invention;

Fig. 5C
shows a schematic half cross section of a further embodiment of the device according to
the Invention;

Fig. 5D
shows a half schematic cross section of a further embodiment of the device according to
the Invention;

Fig. 5E
shows a schematic half cross section of a further embodiment of the device according to
the Invention;

Fig. 6
shows a device according to an embodiment of the invention In the context of an
endoscope, a camera coupler, a camera and a camera cable;

Figs. 7/A-7C
show steps of a method of manufacturing according to the invention;

Fig. 8A
shows a set-up for measuring radial stiffness of a ring-shaped drape portion;

Figs. 8B, 8C
show a set-up for measuring bending stiffness of a ring-shaped drape portion.

[0044] Fig. 1 shows a device 2 according to an embodiment of the invention In a perspective
view. The tubular drape 4 may extend beyond what is shown In the Figure. The second end 32
of the tubular drape 4 may be attached to a camera coupler (not shown). A drape portion 8 of
drape 4 1s accommodated in the container 6. An external drape portion 42 may be outside of
the container 6. The accommodated drape portion 8 Is In an axially compressed state in a ring-
shape. The container may be radially inwardly open. The container comprises a first sheet 14
and a second sheet 16. The first sheet 14 has a first opening 18. The first sheet 14 may

comprise a dispensing lip 24 at an edge region 26 of the first opening 18. The first sheet 14
and the second sheet 16 may be connected with a weld seam 36. The device 2 may comprise
a handling portion 12, which may be formed by container 6 and which may comprise two
handles located on opposite sides of the container 6. The drape 4 may be threaded through
the first opening 18, forming a drape bottleneck 44. The drape bottleneck 44 may have a
diameter smaller than the diameter of the tubular drape 4 In a radially expanded state. The first
sheet 14 may surround an accommodated ring-shaped drape portion 8.

[0045] Fig. 2 shows a cross section of a slightly modified embodiment of the device 2
according to the invention. The container 6 comprises a first sheet 14 and a second sheet 16.
The first sheet 14 has a first opening 18. The second sheet 16 has a second opening 20. The
first sheet 14 may comprise a dispensing lip 24 at an edge region 26 of the first opening 18. In
this embodiment, the first sheet 14 may have a first side portion 46, the second sheet 16 may
have a second side portion 48. The first side portion 46 and/or the second side portion 48 may
have a cylindrical or conical shape. Otherwise, this embodiment largely corresponds to the
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embodiment shown In Fig. 1.

[0046] The first sheet 14 may comprise an attachment portion 30. The second sheet 16 may
comprise an attachment portion 56. The first sheet 14 and the second sheet 16 may be
attached to one another. A weld seam 36 may connect the two sheets. The drape 4 may be
attached to the container 6. For this purpose, one or more joining flanges 38 or another part of
the drape 4 may be connected the first sheet 14 and/or the second sheet 16. Preferably, two or
more joining flanges 38 of the tubular drape 4 are welded to the first sheet 14 and the second
sheet 16 with weld seam 36 at the attachment portion 30, 56. The joining flanges may
correspond to the first end of the drape 28. The device may comprise a handling portion 12.
The container 6 may form the handling portion 12. The handling portion 12 may comprise two
handles at opposite sides of the container. One or more handling portion weld seams 60 may
connect the first sheet and the second sheet. The one or more weld seams 60 may be located
at an outer edge 62 of the container. The device 2 may comprise one or more non-sterile
areas 64. The handling portion 12 may be a non-sterile area 64. The term "non-sterile area”
does not necessarily mean that the area i1s not sterile, but that the area i1s to be used In
combination with a non-sterile environment, e.g., it may be intended for contact with a non-
sterile camera or the like or non-sterile surgical staff. Preferably, the entire device Is sterile
before use.

[0047] A substantial portion 8 of the drape 4 1s accommodated inside the container 6 In an
axially compressed state in a ring-shape. The accommodated portion 8 may comprise layers
40 of drape 4. These layers 40 may be symmetrical or asymmetrical and/or wrinkled. The
accommodated portion 8 may alternatively or additionally be crammed. Multiple layers 40 of
drape 4 may be arranged or stacked In an axial direction and/or in a radial direction. The
compression of the accommodated drape portion 8 may result iIn compression forces Iin an
axial direction. Such forces may correspond to forces applied to the container 6 In an axial
direction. The shape of the accommodated drape portion 8 may correspond to the shape of
the container 6. The first sheet 14 and/or the second sheet 16 may be of flexible material.

[0048] The drape 4 may be threaded through the first opening 18, a drape bottleneck 44
portion being between an external drape portion 42 and an accommodated drape portion 8. At
the drape bottleneck 44, the drape 4 may have a bottleneck clearance 54. The drape
bottleneck 44 may be an opening with a diameter of the bottleneck clearance 54, allowing for
surgical equipment to be passed therethrough. The first sheet 14 may comprise a first sheet
external face 50 and a first sheet internal face 52. In a compressed state in an axial direction,
an accommodated drape portion may be in contact with the internal face 52. Forces, such as
frictional forces, may occur between the internal face 52 and the drape. Such frictional forces
may prevent drape from moving through the first opening 18. When pulling the second end 32
of drape 4 In direction D1 away from the container 6, an accommodated sub-portion of drape 4
may be withdrawn from the container 6.

[0049] The tubular drape 4 may have an axis 22. An axis of the first opening 18, an axis of the
second opening 20, an axis of weld seam 36, and axis of a first side portion 46 and/or an axis
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of a second side portion 48 may be aligned. They may also be considered aligned, e.g., If they
Intersect at the device and are substantially parallel.

[0050] The container 6 may be radially inwardly open. The cross-sectional shape of the
container may be described as two opposing, mirror-symmetrical "C" shapes. There are no
mandrels, cores or axial walls which inwardly close the container.

[0051] Fig. 3 shows the device of Fig. 2 In a top view, comprising container 6 and tubular
drape 4. From a top view, the first sheet 14 is visible wherein the underlying second sheet 16 Is
not visible In Fig. 3. Weld seams 36 and 60 may not be visible as they may be underneath the
first sheet 14 In a top view. The weld seams 36 and 60 may be positioned as indicated by the
dashed lines. The weld seam 36 may connect the first sheet 14 with the second sheet 16. The
weld seam 36 may delimit the ring-shape 10 of an accommodated drape portion 8 in a radially
outward direction. The second end 32 of the drape 4 may be outside of the container and may
be part of an external drape portion 42. The drape bottleneck 44 may be between an
accommodated drape portion 8 and an external drape portion 42. The bottleneck clearance 54
may define the opening of the ring-shaped accommodated drape portion 8 and/or of the
device at the first opening 18. The first sheet may comprise a dispensing lip 24 at an edge
region of the first opening 18. The first sheet 14 and/or the second sheet 16 may comprise an
outer sheet edge 62. The device 2 may comprise a handling portion 12, which may comprise
two handles symmetrically arranged oppositely. The device may comprise a non-sterile area
64. The non-sterile area 64 may be the handling portion 12. The first sheet 14 and the second
sheet 16 may form the handling portion 12. The handling portion weld seam 60 may connect
these two sheets at the handling portion 12. The handling portion 12 may comprise one or
more material omissions such as holes, forming handles.

[0052] Figs. 4A-4C show different geometries of polygon-shaped seams and accommodated
drape portions of embodiments according to the invention. A polygon-shaped seam 66 may
connect a first sheet 14 (not shown) with a second sheet 16 (not shown). The seam 66 may
have a polygonal shape. The accommodated drape portion 8 may have a circular ring-shape

10.

[0053] Fig. SA shows a half cross section of an embodiment of the device according to the
Invention. The container 6 may be integrally formed as one part including the first sheet 14 and
the second sheet 16. In other words, the first and second sheets 14, 16 are integral and form
an envelope-like configuration before closing the container. A drape portion 8 may be
accommodated therein while another drape portion 42 is external with respect to the container.

[0054] Fig. 5B shows a half-cross section of another embodiment of the device according to
the invention. The container 6 may comprise a fist sheet 14, a second sheet 16, a weld seam
36 therebetween and a container mandrel 34. A drape potion 8 may be accommodated in the
container 6. The container mandrel 34 may extend from the second sheet 16 In an axial
direction. The container mandrel 34 may delimit the ring-shape 10 inwardly. From its ring-
shaped accommodation within the container 6, the drape 4 may thread inwardly and axially
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away from the container to an external drape portion 42. The container mandrel 34 may
extend beyond the first sheet 14. The second sheet 16 and the container mandrel 34 may be
made from the same material and may be formed by one integral part. This integral part may
be a thermoformed sheet. Said integral part may have an L-shape in a half cross section. A
container mandrel 34 may correspond to an inner core 106 of the container. An outer
container part 108 may be formed by the first sheet 14. Aring-shaped dispensing opening 110
may be formed between an outside of the Inner core 106 of the container and an inner
circumference of the dispensing lip 24 of an outer container part 108.

[0055] Fig. 5C shows a half cross section of another embodiment of the device according to
the invention. In this embodiment, the second sheet 16 Is a solid or rigid sheet or at least it Is
less flexible than the first sheet 14, i.e., the first sheet 14 may be more flexible. For example,
the first sheet 14 may be made of a film material while the second sheet 16 may be made of a
thermoformed sheet. Although Fig. 5C shows the first sheet 14 to extend more In axial
direction than second sheet 16, this may be vice-versa or both may be formed with
substantially symmetrical extensions. The first sheet 14, the second sheet 16 and/or joining
flanges 38 of drape 4 may be connected by a weld seam 36.

[0056] Fig 5D shows a half cross section of another embodiment of the device according to
the invention. In some aspects, it is similar to Fig. 5C. In this case, however, the first sheet 14
IS a solid or rigid sheet or less flexible sheet, wherein the second sheet 16 may be more
flexible. For example, the second sheet 16 may be made of a film material while the first sheet
14 may be made of a thermoformed sheet. Although Fig. $C shows the first sheet 14 to extend
more In axial direction than second sheet 16, this may be vice-versa or both may be formed
with substantially symmetrical extensions.

[0057] Fig. SE shows a half cross section of another embodiment of the device according to
the Invention. The container 6 may comprise a first sheet 14, a second sheet 16 and a
container mandrel 34. A drape portion 8 may be accommodated in the container 6. The
container mandrel 34 may extend from the second sheet 16 in an axial direction. The container
mandrel 34 may delimit the ring-shape 10 inwardly. The container 6 may be inwardly open.
From its ring-shaped accommodation within the container 6, the drape 4 may thread inwardly
and axially away from the container to an external drape portion 42. The container mandrel 34
does not extend up to or beyond both the first sheet 14 and the second sheet 16, hence
leaving a space to open it inwardly.

[0058] Fig. 6 shows a device according to an embodiment of the invention In the context of an
endoscope /72 (partly shown), a camera coupler 58, a camera 68 and a camera cable 70
(partly shown). The camera coupler 58 may be attached to the second end 32 of the drape 4.
The camera coupler 58 may be detachably connected to the endoscope 72 on an outer side
and detachably connected to the camera 68 on an inner side. Fig. 6 shows the device In a
state where the camera 68 and a part of the camera cable 70 are covered by the external
portion 42 of the drape 4. The container may contain a further portion 8 (not shown) of the
drape 4, accommodated within the container 6. By pulling container 6 in direction D2 away
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from the endoscope 72, with the second end of the drape 32 connected to the endoscope 72
via the coupler 58, further sub-portions of accommodated drape are withdrawn from the
container 6. The side of the container 6 and the Inside of the drape portion 42 facing the
camera 68 and cable 70 may be or become non-sterile area(s) 64. The outside of the coupler
58 and the outside of the external portion 42 of the tubular drape 4 may be sterile areas. The
camera 68 and the camera cable 70 may be non-sterile. Thus, the drape forms a barrier
between sterile and non-sterile components.

[0059] Figs. 7A - 7C show steps of a method for manufacturing a device, e.g., as described
above with reference to Figs. 1-5, according to the invention. Fig. 7A shows a manufacturing
mandrel 100 and a tubular drape 4. The drape 4 i1s arranged or threaded onto the
manufacturing mandrel 100 in direction M1. The drape i1s compressed In this direction.

[0060] Fig. 7B shows a manufacturing mandrel 100, a tubular drape 4, a bottom container
part 102 and an upper container part 104. The drape 4 is be compressed In an axial direction
between bottom container part 102 and upper container part 104. A portion of the drape which
IS compressed In an axial direction I1s between the upper container part 104 and the lower
container part 102.

[0061] Fig. 7C shows a manufactured device comprising a drape 4, a camera coupler 58, an
upper container part 104 and a lower container part 102. The device may be retrieved or
separated from a manufacturing mandrel. The container parts 102 and 104 may be connected.
They may form one container. The camera coupler 58 may be attached to the drape 4.

[0062] Fig. 8A shows a set-up for measuring radial stiffness of a ring-shaped drape portion 8.
Figs. 8B and 8C show a set-up for measuring bending stiffness of a ring-shaped drape portion

8. These set-ups are not necessarily specific to the above-mentioned embodiments of the
iInvention.

[0063] The tested ring-shaped drape portion 8 was made of a tubular drape section of a PE

film (density 0.92 g/cm?) with a length of 2.5 m and a thickness of about 0.04 mm (layflat width
of about 205 mm). The diameter of the tubular drape (before converting it into a ring) was
about 130 mm. The tubular drape was converted as described above In the context of Fig. 7A-
7C by sliding the tubular drape over a manufacturing mandrel and cramming it down to a ring
with a height of about 25 mm. The ring had an outer diameter of about 140 mm and an inner
diameter of about 90 mm. The ring-shaped drape portion 8 was held in this configuration by
the use of four cable ties, each at every 90 degrees, and four adhesive strips, also each every
90 degrees. The cable ties and adhesive strips were offset from each other by 45 degrees so
that there was a cable tie in the middle between two adhesive strips.

[0064] The thus prepared ring-shaped drape portion 8, 1.e., a "naked" ring-shaped drape
portion considered without a surrounding container 6, was tested for radial and bending
stiffness quantified as follows.
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[0065] The radial stiffness was measured as shown Iin Fig. 8A by applying a linear force Fg

between two opposite sides of the "naked"” ring-shaped portion 8 In an outward radial direction.
The following results were observed:

0.6 mm 1.8 mm 2.5 mm
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[0066] Accordingly, when applying a force Fr of 4 N, the elongation or deformation distance Lg

of the ring-shaped drape portion remains at a maximum of about 2.5 mm, more preferably at a
maximum of about 1.5 mm, even more preferably at a maximum of about 1 mm. When

applying a force Fr of 10 N, the elongation or deformation distance Lr of the ring-shaped

drape portion remains at a maximum of about 9 mm, more preferably at a maximum of about 7
mm, even more preferably at a maximum of about 5 mm.

[0067] A bending stiffness may be measured as shown In Fig. 8B and Fig. 8C. A linear force
Fr I1s applied in a direction perpendicular to a plane of the ring-shape 10 to two opposite points

of the ring-shaped drape-portion. These points are lying on a line through the center of the
ring-shape, wherein the counter-forces are applied by arranging the ring on two round
supporting bars being spaced at about 105 mm from each other. Thereby, the force Fg bends

the opposite points downwards, while the outside points remain stationary. The following
results were observed:

- .“
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[0068] Thus, when applying a downward force Fg of 3 N to the opposite points, said points
move by a distance Lg of about 2.5 mm or less, more preferably by about 1.5 mm or less,
even more preferably 1.2 mm or less. WWhen applying a downward force Fg of 6 N to the
opposite points, said points move by a distance Lg of about 8 mm or less, more preferably by

about 6 mm or less, even more preferably 4 mm or less.

[0069] Preferably, these aforementioned values apply to any two opposite points of the ring-
shaped portion, even If it Is not of circular or exactly circular geometry:.

[0070] The radial and/or bending stiffnesses of the container without an accommodated ring-
shaped drape portion or with just a very short drape portion In ring-shape accommodated
therein may be significantly lower than the radial and/or bending stiffnesses of the ring-shaped
drape portion as quantified above.
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List of reference signs

[0071]
2
device
4
tubular drape
6
container
3
accommodated drape portion
10
ring-shape
12
handling portion
14
first sheet
16
second sheet
18
first opening
20
second opening
22
axis
24
dispensing lip
26
edge region of the first opening
30
attachment portion of first sheet
28
first end of the drape
32
second end of the drape
34
container mandrel
36
weld seam
38

joining flange
40
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44

46
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50

52

54

o6

58

60

62

64

66
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70
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100

102

104

106

108

110

layer

external drape portion

drape bottleneck

first side portion

second side portion

first sheet external face

first sheet internal face

bottleneck clearance

attachment portion of second sheet

camera coupler

handling portion weld seam

outer sheet edge

non-sterile area

polygon-shaped seam

camera

camera cable

endoscope

manufacturing mandrel

bottom container part

upper container part

INnner core

outer container part
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P AT ENTIKRAYVY
1. Anordning (2) omfattende:

en rgrformet drapering (4) til at deekke Kirurgisk udstyr (72); og

en beholder (6) indrettet til at huse en vaesentlig andel af draperingen (4) i en ak-
sialt komprimeret tilstand i en ringform;

hvor beholderen (6) omfatter et fgrste lag (14) og et andet lag (16), hvor det fgrste
lag (14) og det andet lag (16) er arrangeret modstaende til hinanden, hvor det forste lag
(14) har en fgrste abning (18) og det andet lag (16) har en anden abning (20), hvor den
farste abning (18) er konfigureret til tilbagetraekning af draperingen (4) fra beholderen (6),
hvor den fgrste og den anden abning (18, 20) er konfigureret til at lade det kirurgiske ud-
styr (72) passere derigennem for at blive tildeekket, hvor en fgrste ende (28) af draperin-
gen er fastgjort til og/eller inden i beholderen (6), og hvor den anden ende (32) af draper-
ingen (4) er fri til at blive koblet sammen med det kirurgiske udstyr (72) eller fastgjort til
en kobling (58) for at koble det kirurgiske udstyr (72) til et kamera (68); og

hvor den husede ringformede draperingsandel (8) har en mekanisk stivhed som i
det vaesentlige bidrager til den overordnede stivhed af anordningen.

2. Anordning ifglge krav 1, hvor beholderen (6) er aben radialt indad.

3. Anordning ifglge krav 1 eller 2, hvor beholderen (6) har en ringformet dispense-
ringsabning (110).

4. Anordning ifglge krav 3, hvor den ringformede dispenseringsabning (110) er dan-
net mellem en yderside af en indre kerne (106) af beholderen og en indre omkreds af en
dispenseringsrand (24) af en ydre beholderdel (108).

5. Anordning ifglge et hvilket som helst af de foregaende krav, hvor draperingen (4)
er lavet af et film- og/eller tekstilmateriale, og hvor en huset draperingsandel (8) er foldet
| en aksial retning og/eller en huset draperingsandel (8) er presset sammen for at danne
ringformen.

6. Anordning ifglge et hvilket som helst af de foregaende krav, hvor en huset ring-
formet draperingsandel (8) definerer en akse (22), hvor en abning af den husede ringfor-
mede draperingsandel (8) er konfigureret til at lade det kirurgiske udstyr (72) passere
derigennem, og abningen af den husede ringformede draperingsandel (8), den fgrste ab-
ning (18) og den anden abning (20) er i det vaesentlige pa linje i forhold til aksen (22).

7. Anordning ifglge et hvilket som helst af de foregaende krav, hvor det fgrste lag
(14) omfatter en dispenseringsrand (24) ved et kantomrade (26) af den fgrste abning (18)
0g en fastggrelsesandel (30) som er placeret radialt uden for dispenseringsranden (24), og
hvor det fgrste lag (14) er forbundet til det andet lag (16) ved fastggrelsesandelen (30).

8. Anordning ifglge et hvilket som helst af de foregaende krav, yderligere omfattende
en handteringsandel (12) og/eller en dorn.

9. Anordning ifglge krav 8, hvor handteringsandelen (12) er dannet af beholderen
(6), fortrinsvis ved det forste lag (14) og/eller det andet lag (16).

10. Anordning ifglge et hvilket som helst af de foregaende krav, hvor det fgrste lag
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(14) og/eller det andet lag (16) er lavet af et filmmateriale og/eller ét eller flere termodan-
nede lag.

11. Anordning ifglge et hvilket som helst af de foregaende krav, hvor det fgrste lag
(14) og det andet lag (16) og/eller yderligere beholderdele er kleebemaassigt forbundet
eller svejset sammen og danner en lukket samling, en aben samling og/eller flere samlin-
ger.

12. Anordning ifglge et hvilket som helst af de foregaende krav, hvor det fgrste lag
(14) og/eller det andet lag (16) er lavet af et fleksibelt materiale saledes at beholderen (6)
er tilpasset til at komprimere en huset ringformet draperingsandel (8) mellem det fgrste
lag (14) og det andet lag (16).

13. Anordning ifglge et hvilket som helst af de foregaende krav, hvor tveersnitsgeo-
metrierne af den rgrformede drapering (4), den husede ringformede draperingsandel (8),
den fgrste abning (18) og den anden abning (20) er cirkulzere, elliptiske eller polygonale
eller en kombination deraf.

14. Anordning ifglge et hvilket som helst af de foregaende krav, hvor forholdet mel-
lem hgjden af den husede ringformede draperingsandel (8) og den tilsvarende laengde af
den udstrakte draperingsandel i en aksial retning er mellem 1/50 og 1/150, fortrinsvis mel-
lem 1/75 og 1/125.

15. Anordning ifglge et hvilket som helst af de foregaende krav, hvor draperingen
(4) har en leengde mellem 1800 mm og 3000 mm og/eller hvor draperingen (4) er lavet af
et filmmateriale med en tykkelse pa mellem 0,02 mm og 0,06 mm.

16. Anordning ifglge et hvilket som helst af de foregaende krav, hvor det fgrste
og/eller det andet lag er i det vaesentlige fri(e) for perforeringer omkring sin/deres ab-
ning(er), isaer fri(e) for radialt streekkende perforeringer som straekker sig radialt udad fra
abningen/-erne af det fgrste og/eller det andet lag.

17. Fremgangsmade til at fremstille en anordning (2) omfattende en rgrformet dra-
pering (4) og en beholder (6), hvor anordningen er en anordning ifglge et hvilket som helst
af krav 1 — 16, hvilken fremgangsmade omfatter trinnene:

a) at arrangere en bundbeholderdel (102) pa en dorn (100),

b) at arrangere draperingen (4) pa dornen (100),

¢) at arrangere en gvre beholderdel (104) pa dornen (100) og pa en andel af dra-
peringen (4), hvor en vasentlig andel af draperingen (4) er mellem den @gvre beholderdel
(104) og bundbeholderdelen (102) og mindst eén endeandel af draperingen (4) er uden for
beholderdelene (102, 104),

d) at komprimere draperingen (4) i en aksial retning mellem den gvre beholderdel
(104) og bundbeholderdelen (102),

e) at lukke beholderen (6), og

f) at adskille anordningen (2) og dornen (100),

hvor den gvre beholderdel (104) er det fgrste lag (14) og bundbeholderdelen (102)
er det andet lag.
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18. Fremgangsmade ifglge krav 17, hvor dorndiameteren er mindre end diameteren
af draperingen (4) og mindre end eller tilsvarende en abning i den gvre beholderdel (104)
og mindre end eller tilsvarende en abning i bundbeholderdelen (102) som er konfigureret
til at lade dornen (100) passere derigennem, hvor trinnet med at lukke beholderen (6)
omfatter trinnet med at sammensvejse eller kleebemaessigt forbinde den gvre beholderdel
0og bundbeholderdelen (102, 104) mens draperingen (4) er komprimeret i en aksial ret-
ning.
19. Fremgangsmade ifglge krav 18, yderligere omfattende trinnene:
a) at danne én eller flere samlingsflanger af draperingsmateriale, for eller efter at
draperingen (4) arrangeres pa dornen (100), og
b) at samle ikke kun den gvre beholderdel (104) og bundbeholderdelen (102), men
ogsa én eller flere samlingsflanger af draperingen (4), hvor den ene eller flere samlings-
flanger er derimellem eller alternativt arrangeret gennem abningen i bundbeholderdelen
(102) og forbundet til en ydre flade af bundbeholderdelen (102).
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