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ABSTRACT

An access port for sealing an opening of a natural orifice and supplying access to a
body cavity through the natural orifice including: a sealing unit; an unobstructed single lumen
cannula extending to the body cavity; a connector connecting the cannula to the sealing unit; an
access opening through the sealing unit to the single lumen; a cap including a plurality of cap
openings configured to seal between medical instruments inserted into the openings and the

access opening.
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TOOLS AND METHODS FOR VAGINAL ACCESS

RELATED APPLICATIONS

This application claims the benefit of priority of U.S. Provisional Patent Application No.
62/549,097 filed August 23, 2017; U.S. Provisional Patent Application No. 62/549,078 filed
August 23,2017; U.S. Provisional Patent Application No. 62/558,460 filed
September 14, 2017; and U.S. Provisional Patent Application No. 62/558,469 filed
September 14, 2017.

This application is also a part of a set of filings which are co-filed, co-pending and co-

assigned:

U.S. Patent Application entitled “TOOLS AND METHODS FOR VAGINAL
ACCESS” (Attorney Docket No. 74919);

PCT Patent Application entitled “TOOLS AND METHODS FOR VAGINAL
ACCESS” (Attorney Docket No. 74918) ;

Canadian Patent Application entitled “TOOLS AND METHODS FOR VAGINAL
ACCESS” (Attorney Docket No. 74920);

U.S. Patent Application entitled “TOOLS AND METHODS FOR VAGINAL
ACCESS” (Attorney Docket No. 74927);

U.S. Patent Application entitled “TOOLS AND METHODS FOR VAGINAL

ACCESS” (Attorney Docket No. 74926); and
U.S. Patent Application entitled “TOOLS AND METHODS FOR VAGINAL

ACCESS” (Attorney Docket No. 74924).

TECHNICAL FIELD

The present invention, in some embodiments thereof, relates to a minimally invasive
surgery and more particularly but not exclusively to tools and methods to access a body cavity
through a natural orifice and more particularly but not exclusively to culdoscopic access to the

Intraperitoneal space.
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BACKGROUND
U.S. patent 8608652 appears to disclose, “A surgical method, system, kit, and various

devices,” ... “for use in, among other things, vaginal entry during a natural orifice translumenal
endoscopic surgical procedure. A system and/or method provide for the rapid creation of a
conduit and/or multiple ports in a natural orifice, such as a patient's vagina, while

accommodating anatomical variation to reduce the need to excise additional tissue from the

patient.”

SUMMARY

Following are examples of some embodiments of the invention. Features of one example
may be combined with features of one or more other examples, unless expressly prohibited and
form additional examples of some embodiments of the invention.

Example 1. An access port for sealing an opening of a natural orifice and supplying
access to a body cavity through the natural orifice comprising:

a sealing unit;

an unobstructed single lumen cannula extending to said body cavity;

a connector connecting said cannula to said sealing unit;

an access opening through the sealing unit to said single lumen;

a cap including a plurality of cap openings configured to seal between medical
instruments inserted into the openings and said access opening.

Example 2. The access port of Example 1, wherein said connector comprises a
connector lumen which defines said access opening.

Example 3. The access port of Example 2, wherein said connector lumen comprises
proximal and distal openings, said proximal opening disposed proximal to a proximal face of
said sealing unit, said distal opening disposed distal of a distal face of said sealing unit.

Example 4. The access portion according to any one of Examples 1-3, wherein one or
both of proximal and distal openings of said connector has a flange.

Example 5. The access port according to any one of Examples 1-4, comprising an
opening through said sealing unit to the natural orifice.

Example 6. The access port according to any one of Examples 1-3, wherein said natural

orifice is a vagina.

CA 3015089 2018-08-23



10

15

20

25

30

GALS18-1CA

3

Example 7. The access port of according to any one of Examples 1-6, wherein said
cannula 1s open to an intraperitoneal cavity through said natural orifice. .

Example 8. The access port according to any one of Examples 1-7, comprising a sheath
extending from a proximal face of said sealing unit, through said sealing unit and through to
said cannula lumen and extending within at least a portion of a length of said cannula lumen.

Example 9. The access port according to any one of Examples 8, comprising a cannula
seal configured to seal one or both of a proximal opening of said cannula and a proximal opening
of said sheath.

Examplel0. The access port according to any one of Examples 1-8, comprising a port
element describing a channel through said sealing unit and opening to said cavity.

Examplel1.The access port according to any one of Examples 1-9, comprising a port
element describing a channel through said sealing unit and opening into said lumen of said
cannula.

Examplel2. The access port of Example 11, wherein said port element includes a sheath
extending from a proximal face of said sealing unit, through said cannula and extending within
a least a portion of said cannula.

Example 13. The access port according to any one of Examples 1-12, wherein a
transverse cross section of said single lumen has a long dimension and a short dimension; and

wherein each cap opening has a width smaller than said short dimension and the sum of
widths of said plurality of cap openings 1s greater than said short dimension and less than said
long dimension.

Example 14. The access port of Example 13, wherein said cross section of said single
lumen has, in at least one dimension, a width of at least 21 mm.

Example 15. The access port according to any one of Examples 1-14, wherein a
transverse cross section of said single lumen has long dimension and short dimension and at
least one of said openings has a width at least 90% the short dimension.

Example 16. A kit for providing access to a cannula leading to a body cavity through a
seal on a natural orifice comprising:

a connector comprising:

a channel with a distal opening and a proximal opening and configured to connect to

CA 3015089 2018-08-23
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configured to pass through said seal and attach to a cannula passing through the orifice
to the body cavity, said connector having a distal opening on an inner side of said seal and a
proximal opening to an outer side of said seal;

a cép comprising a plurality of openings and sized and shaped to seal a lumen of said
cannula.

Example 17. The kit of Example 16 comprising:

a sheath sized and shaped to pass through said connector and extend within at least a
portion of said cannula lumen.

Example 18. The kit of Example 17 comprising a sealing element sized and shaped to
fit to one or both of said sheath and said cannula and including elastically bendable f{lexible
portions which, when elastically rel'axed, close a lumen of said sealing element to seal one or
both of said sheath and said cannula.

Example 19. The kit according to any one of Examples 17-18, wherein said cap i1s sized
and shaped to attach to one or more of a proximal opening of said cannula, a proximal opening
of said sheath, and a proximal opening of said connector.

Example 20. The kit according to any one of Examples 16-19, wherein said distal
opening has a cross section with a long dimension and a short dimension and wherein said long

dimension i1s at least twice said short dimension.

Example 21. An access channel for access to a body cavity through a natural orifice
cComprising:

a variable length unobstructed channel including:

a rigid cannula having a distal opening configured to fit through an incision in a wall of
the orifice;

a rigid tubular extension for said cannula; a distal opening of said extension fitting to a
proximal opening of the cannula and joining a lumen of said cannula to a lumen of said extension
to form said variable length channel between said distal opening of said cannula and a proximal
opening of said extension;

said extension sliding longitudinally with respect to said cannula to extend and contract

a length of said variable length channel by at least 25% of a maximal length of the channel;
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wherein a cross section of the channel has a long dimension at least twice a short
dimension of said cross section.

Example 22. The access channel of Example 21, comprising:

a seal attached to said extension shaped and sized to limit communication of pressure
between said incision and an external opening of the orifice.

Example 23. The access channel according to any one of Examples 21-22, wherein said
extension is attached to said seal by passing through a channel 1n said seal.

Example 24. The access channel according to any one of Examples 21-23, comprising:

a handle rigidly joined to said cannula and extending proximally past said seal.

Example 25. The access channel of Example 24, wherein said handle passes through a
port 1n said seal.

Example 26. The access channel according to any one of Examples 21-25, comprising:

a handle rigidly joined to said distal opening of said cannula and extending proximally
past said proximal opening of said extension.

Example 27. The access channel according to any one of Examples 21-26, further
comprising:

a dilator including:

a tapered tip for enlarging said incision; and

a body at least as long as said cannula and fitting through said channel.

Example 28. The access channel of Example 27, wherein a cross section of an outer
contour of said dilator fills at least 80% of the area of the internal cross section of said cannula.

Example 29. An access channel to a body cavity through a natural orifice comprising:

a distal portion including a distal opening configured for insertion through an incision
into the body cavity;

a proximal portion disposed within said natural orifice and including a proximal opening
movable with respect to said distal portion;

a lumen joining said distal opening with said proximal opening; and

a handle rigidly attached to said distal portion and extending proximally past said
proximal opening.

Example 30. The access channel of Example 29, wherein a cross section of the channel

has a long dimension at least twice a short dimension of said cross section.

3015089 2018-08-23
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Example 31. The access channel of Example 30, comprising:

a seal attached to said proximal portion, said seal shaped and sized to limit
communication of pressure between said incision and an external opening of the orifice; and

wherein said handle passes through a port element 1n said seal.

Example 32. The access channel according to any one of Examples 29-31, comprising:

a seal attached to said proximal portion, said seal shaped and sized to limit
communication of pressure between incision and an external opening of the orifice.

Example 33. The access channel according to any one of Examples 29-32, comprising:

a dilator including a tapered tip for enlarging said incision and

a body at least as long as said distal portion and fitting through said channel.

Example 34. The access channel of Example 33, wherein a cross section of said dilator
fills at least 80% of the area of the internal cross sectional of said distal portion.

Example 35. A method for providing access to a body cavity through an orifice
comprising:

inserting a distal portion of a cannula including a distal opening through a tissue
separating said cavity from said orifice,

during said inserting, maintaining a position of a proximal portion of a cannula including
a proximal opening inside said orifice with respect to one or more of said orifice and said cavity;
and

inserting a tool through a lumen of said cannula, from said proximal opening to said

distal opening through said tissue into said body cavity.

Example 36. The method of Example 35, comprising:

joining said proximal opening of said cannula to a distal opening of a tubular extension,
a combined lumen said cannula and said extension providing communication between said distal
opening of the cannula and a proximal opening of said extension; and

wherein said proximal opening of said extension is movable with respect to said distal
opening of said cannula; and

wherein said inserting is through said proximal opening of said extension.

Example 37. The method of Example 36, comprising;

sealing an opening of the natural orifice around extension with a seal element.

Example 38. The method Example 37, comprising:

CA 3015089 2018-08-23
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providing a plurality of ports from outside said seal element to said lumen of said
extension.

Example 39. The method according to any one of Examples 36-37, comprising:

inserting multiple tools independently and simultaneously from outside said orifice
through said combined lumen into said cavity.

Example 40. The method according to any one of Examples 35-39, comprising:

stabilizing said cannula from outside the orifice.

According to an aspect of some embodiments of the invention, there 1s provided an access
channel for access to a body cavity through a natural orifice including: a variable length
unobstructed channel including a rigid cannula having a distal opening configured to fit through
an incision in a wall of the orifice; a rigid tubular extension for the cannula; a distal opening of
the extension fitting to a proximal opening of the cannula and joining a lumen of the cannula to
a lumen of the extension to form the variable length channel between the distal opening of the
cannula and a proximal opening of the extension; the extension sliding longitudinally with
respect to the cannula to extend and contract a length of the variable length channel by at least
25% of a maximal length of the channel wherein a cross section of the channel has a long
dimension at least twice a short dimension of the cross section.

According to some embodiments of the invention, the access channel further includes: a
seal attached to the extension shaped and sized to limit communication of pressure between

incision and an external opening of the orifice.

According to some embodiments of the invention, the access channel further includes: a
handle rigidly joined to the distal opening of the cannula and extending proximally past the seal.
According to some embodiments of the invention, the handle passes through a port in the

seal.

According to some embodiments of the invention, the access channel of any of any
further includes: a handle rigidly joined to the distal opening of the cannula and extending
proximally past the proximal opening of the extension.

According to some embodiments of the invention, the access channel of any of any
further includes: a dilator including a tapered tip for enlarging the incision and a body at least as

long as the cannula and fitting through the channel.
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According to some embodiments of the invention, a cross section of the dilator fills at
least 80% of the area of the internal cross sectional of the cannula.

According to an aspect of some embodiments of the invention, there 1s provided an access
channel to a body cavity through a natural orifice including: a distal portion including a distal
opening configured for insertion through an incision into the body cavity; a proximal portion
including a proximal opening movable with respect to the distal portion; a lumen joining the
distal opening with the proximal opening; and a handle rigidly attached to the distal portion and
extending proximally past the proximal opening.

According to some embodiments of the invention, a cross section of the channel has a
long dimension at least twice a short dimension of the cross section.

According to some embodiments of the invention, the access channel further includes: a
seal attached to the proximal portion, the seal shaped and sized to limit communication of
pressure between incision and an external opening of the orifice and wherein the handle passes
through a port in the seal.

According to some embodiments of the invention, the access channel further includes: a
seal attached to the proximal portion, the seal shaped and sized to limit communication of
pressure between incision and an external opening of the orifice.

According to some embodiments of the invention, the access channel of any of any
further includes: a dilator including a tapered tip for enlarging the incision and a body at least as
long as the distal portion and fitting through the channel.

According to some embodiments of the invention, a cross section of the dilator fills at

least 80% of the area of the internal cross sectional of the distal portion.

According to an aspect of some embodiments of the invention, there is provided a method
for providing access to a body cavity through an orifice, the orifice separated from including:
inserting a distal portion of a cannula including a distal opening through a membrane separating
the cavity from the orifice, maintaining a proximal portion of a cannula including a proximal
opening inside the orifice; and inserting a tool through a lumen of the cannula, from the proximal
opening to out the distal opening into the body cavity.

According to some embodiments of the invention, the method further includes: joining
the proximal opening of the cannula to a distal opening of a tubular extension, a combined lumen

the cannula and the extension providing communication between the distal opening of the

CA 3015089 2018-08-23
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cannula and a proximal opening of the extension and wherein the proximal opening of the
extension is movable with respect to the distal opening of the cannula and wherein the inserting
is through the proximal opening of the extension.

According to some embodiments of the invention, the method further includes: sealing
an opening of the natural orifice around extension.

According to some embodiments of the invention, the method further includes: closing
the proximal opening of the extension and providing a plurality of ports from outside the seal to
the lumen of the extension.

According to some embodiments of the invention, the method further includes: inserting
multiple tools independently and simultaneously from outside the orifice through the combined
lumen into the cavity.

According to some embodiments of the invention, the method further includes:
stabilizing the cannula from outside the orifice.

According to an aspect of some embodiments of the invention, there 1s provided a sealing
unit for sealing an opening of a natural orifice and supplying access to a body cavity through the
orifice including: a connector to an unobstructed single lumen trocar on a distal face of the
sealing unit a plurality of sealable access openings through the sealing unit to the single lumen;
wherein a cross section of the single lumen has long dimension and short dimension and each
opening has a width smaller than the small dimension and the sum of widths of the openings 1s

oreater than the short dimension and less than the long dimension.

According to some embodiments of the invention, a cross section of the single lumen has
long dimension and short dimension and at least one of the openings has a width at least 90%

the short dimension.

According to some embodiments of the invention, a cross section of the single lumen has

in at least one dimension a width of at least 21 mm.

According to some embodiments of the invention, the trocar is open to an intraperitoneal

cavity through a natural orifice, the sealing unit further including an opening to the orifice.

According to an aspect of some embodiments of the invention, there is provided an access
port for access to a body cavity through a natural orifice including: one or more ports opening to

the cavity and at least one port opening to the natural orifice outside of the cavity.

CA 3015089 2018-08-23
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According to some embodiments of the invention, the access port further includes: a seal

for preserving a positive pressure in the cavity.

According to some embodiments of the invention, the access port further includes: a seal

for preserving a positive pressure in the orifice.

According to some embodiments of the invention, the access port further includes: a
connector connecting the one or more ports to an unobstructed single lumen trocar passing and

wherein the one or more ports open to the single lumen.

According to some embodiments of the invention, a cross section of the single lumen has
long dimension and short dimension and wherein each of the one or more ports has a width
smaller than the small dimension and the sum of widths of the openings is greater than the short

dimension and less than the long dimension.

According to some embodiments of the invention, a cross section of the single lumen has
long dimension and short dimension and at least one of the one or more ports has a width at least

00% the short dimension.

According to some embodiments of the invention, a cross section of the single lumen has

in at least one dimension a width of at least 21 mm.

According to an aspect of some embodiments of the invention, there is provided a kit for
providing access to trocar leading to a body cavity through a seal on a natural orifice including;:

an adapter configured to pass through the seal and attach to a cannula passing through the oritice

to the body cavity, the adapter having a distal opening on an inner side of the seal and a proximal
opening to an outer side of the seal, an orifice access port configured to pass through the seal

and provide access to the natural orifice outside the trocar.

According to some embodiments of the invention, the kit further includes: a least two

cavity access ports separately sealable and opening through the adapter.

According to some embodiments of the invention, the kit further includes: a unitary cap

closing over the adapter and the second.

CA 3015089 2018-08-23
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According to some embodiments of the invention, the distal opening has a cross section

with a long dimension and a short dimension and wherein the long dimension is at least twice

the short dimension.
According to some embodiments of the invention, the long dimension 1s at least 21 mm.

Unless otherwise defined, all technical and/or scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which the invention
pertains. Although methods and materials similar or equivalent to those described herein can be
used in the practice or testing of embodiments of the invention, exemplary methods and/or
materials are described below. In case of conflict, the patent specification, including definitions,
will control. In addition, the materials, methods, and examples are illustrative only and are not

intended to be necessarily limiting.

Unless otherwise defined, all technical and/or scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which the invention
pertains. Although methods and materials similar or equivalent to those described herein can be
used in the practice or testing of embodiments of the invention, exemplary methods and/or
materials are described below. In case of conflict, the patent specification, including definitions,
will control. In addition, the materials, methods, and examples are illustrative only and are not

intended to be necessarily limiting.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S)

Some embodiments of the invention are herein described, by way of example only, with
reference to the accompanying drawings. With specific reference now to the drawings in detail,
it is stressed that the particulars shown are by way of example and for purposes of illustrative
discussion of embodiments of the invention. In this regard, the description taken with the
drawings makes apparent to those skilled in the art how embodiments of the invention may be

practiced.

[n the drawings:

FIG. 1 is a schematic illustration of a variable length channel inserted through a natural

orifice in accordance with embodiments of the current invention;

CA 3015089 2018-08-23
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FIG. 2 is a schematic illustratidn of an access channel inserted through a natural orifice
to a body cavity sealed to a natural orifice in accordance with embodiments of the current
invention;

FIG. 3 is a flow chart illustration of a method of accessing a body cavity through a natural
orifice in accordance with embodiments of the current invention;

FIG. 4 is a flow chart illustration of a method of sealing a natural orifice access channel
to body cavity in accordance with embodiments of the current invention;

FIG. 5 is a photograph of components of an access channel to a body cavity in
accordance with embodiments of the current invention;

FIG. 6A 1s a schematic illustration of inserting a cannula into a natural orifice in
accordance with embodiments of the current invention;

FIG. 6B 1s a schematic illustration sealing a channel to a natural orifice in accordance
with embodiments of the current invention;

FIG. 7 is a photograph of a variable length channel and orifice seal in accordance with
embodiments of the current invention;

FIG. 8A is a schematic illustration of preparing an orifice seal in accordance with
embodiments of the current invention;

FIG. 8B is a simplified schematic of an orifice seal and a port element, according to
some embodiments of the invention;

FIG. 9 is a photograph of a variable length channel and orifice seal connected to a
support in accordance with embodiments of the current invention;

FIG. 10 is a photograph of an orifice seal end cap in accordance with embodiments of
the current invention;

FIG. 11 is a schematic illustration of a channel inserted through a vagina into a pouch of
Douglas in accordance with embodiments of the current invention;

FIG. 12 is a flow chart illustration of a method of providing sealed access to body cavity
through a sealed natural orifice and/or sealed channel, according to some embodiments of the
invention; and

FIGs. 13A-] are simplified schematics illustrating access and/or sealing apparatus,

according to some embodiments of the invention.

CA 3015089 2018-08-23
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DETAILED DESCRIPTION
Overview

The present invention, in some embodiments thereof, relates to a minimally invasive
surgery and more particularly but not exclusively to tools and methods to access a body cavity
through a natural orifice and more particularly but not exclusively to culdoscopic access to the
intraperitoneal space.

An aspect of some embodiments of current invention relates to a variable length channel
through a natural orifice to a body cavity. In some embodiments, the channel may include a distal
cannula and/or a proximal extension of the cannula. Optionally the proximal extension may
move with respect to the cannula. For example, a distal opening of the cannula may be inserted
into the body cavity through an incision in a wall of the orifice. Optionally, the proximal
extension may be positioned to supply communication between a proximal opening of the
cannula and an opening of the orifice. The length and/or position of the extension is optionally
adjusted to account for the geometry of the orifice. In some embodiments, the cannula is a single
lumen cannula.

In some embodiments, the cannula may include a proximally extending handle. For
example, the handle may extend from the cannula out the opening of the orifice. Optionally, the
handle is longer than the proximal extension of the channel. Optionally the handle 1s rigidly
attached to the cannula. Optionally the handle may be graduated for example to indicate a depth
of insertion of the cannula. In some embodiments a support may be supplied with a mount

configured to hold the handle outside the subject.

In some embodiments, each section (for example the cannula and/or the extension) of the
channel may be rigid. Alternatively or additionally, a cross section of each section may be fixed.
For example, the outer cross section may be shaped to fit through the orifice. Optionally, the
inner lumen of the channel may be adjusted to fit one or more tools, for example including a
catheter and/or an endoscope. Optionally a track may be included in the channel. For example,
the track may separate between tools inside the channel and/or the track may guide a tool from
a proximal opening of the channel (e.g. a proximal opening of the extension) to a distal opening
of the channel (e.g. a distal opening of the cannula). Altemative'ly or additionally one or more

section of the channel may be flexible.
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In some embodiments, a proximal portion of the channel moves with respect to the distal
portion. In some embodiments, sections move telescopically with respect to each other. For
example, relative movement may lengthen and/or shorten the channel to fit between the opening
of the orifice and the incision between the orifice and the body cavity. For example, a proximal
portion of the cannula may slide within a distal opening of the extension and/or a distal portion
of the extension may slide within a proximal opening of the cannula. Optionally an opening of
the proximal portion or the channel (e.g. the extension) is accessible from outside the orifice
and/or through the opening of the orifice. For example, each section of the channel may be
shorter than the orifice.

In some embodiments, the proximal extension of the channel may be configured for
sealing the orifice. For example, the proximal extension may include an adapter (for example a
flange) configured far attaching to a seal of an access channel (for example a GelPOINT® cap
available from Applied Medical 22872 Avenida Empresa, Rancho Santa Margarita, CA 926883).
Optionally, the proximal extension may be stabilized in the orifice by connection to the subject,
for example by connection to a seal of the orifice and/or a wound retractor. Alternatively or
additionally, the extender may include a handle and/or be attached to a stabilizer outside the
subject.

[n some embodiments the channel may be configured for use in a vagina. For example
the channel may be configured to fit through an opening of the vagina and/or to reach a Pouch
of Douglas. In some embodiments, the channel is configured for use in an anus (e.g. cavity is the
abdominal cavity), esophagus (e.g. cavity is a portion of the digestive tract e.g. cavity is the
abdominal cavity), trachea (e.g. cavity is the lung/s, e.g. cavity is the thoracic cavity). In some
embodiments, there is no membrane between the natural orifice and the cavity, in which case, in
some embodiments, a seal is introduced between the orifice and the cavity.

Although adjustable length cannulas are described in detail within this application it is to
be understood that apparatus and/or methods described are, in some embodiments, used with a
cannula of fixed length (e.g. without an extension). Where, for example, in some embodiments,
a kit includes a plurality of different length cannulas and a cannula is selected based on patient
anatomy dimension/s and/or the procedure to be performed.

An aspect of some embodiments of current invention relates to a method of providing

access to a body cavity, for example, via a natural orifice. In some embodiments, access 1s
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provided to a body cavity through an outer skin incision e.g. laparoscopic surgery. For example,
a cannula (e.g. a single lumen cannula) may be inserted entirely into the orifice and/or a distal
end of the cannula may be inserted through an incision in a wall of the orifice into the body
cavity.

Optionally, where the apparatus includes a cannula extension, a proximal extension to
the cannula may be inserted into the orifice where a distal end of the extension 1s connected to
the proximal end of the cannula. Additionally or alternatively, in some embodiments, a proximal
end of the extension is accessible from outside the orifice. Optionally the orifice may be sealed
around the proximal extension and/or the channel may be sealed.

[n some embodiments, an incision may be supplied in a wall of an orifice, providing
access to a body cavity. Optionally, the incision may be made by a surgical procedure.
Optionally, the incision may be dilated to a desired shape and size. For example, the incision
may be dilated to have dimensions similar to the distal cross section of the cannula.

In some embodiments, a cannula may have cross section similar to a cross section of a
portion of the orifice (for example, at one or more dimensions of the maximum outer cross
section of the cannula may range between 90 to 100 percent and/or 70 to 90 percent and/or 40 to
70 percent of corresponding dimensions of the smallest cross section of the orifice between the
outer opening of the orifice and the incision). For example, the ratio of a large dimension to a
small dimension of cannula may range between 90 to 110 percent and/or between 70 to 130

percent and/or between 50 to 150 percent the ratio of the long dimension to the short dimension

of a smallest cross section of the orifice between the outer opening to the incision in the wall to

the body cavity. Optionally, a dilator may have a cross section and/or a ratio of long cross section
dimension to short cross sectional dimension similar to the cannula. For example, ratio of long
and short dimensions of the dilator and/or the cannula (and/or lumen/s of the dilator and/or
cannula) cross section may range between 1.1 to 1.5 and/or between 1.5 to 3 and/or between 3
to 5. In some embodiments, a cross sectional dimension (e.g. width) of a lumen of the cannula
(and/or sheath) is, in at least one dimension, a width of at least 21 mm or about 21mm or a width
of 5-50mm, or 10-30mm, or 15-25mm, or lower or higher or intermediate dimensions or ranges.

In some embodiments, a cannula may be inserted through the orifice and/or into the

cavity. Optionally, the cannula may be inserted entirely into the orifice. For example, a distal
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opening of the cannula may be inserted through the incision in the wall of the orifice into the
cavity. For example, a proximal opening of the cannula may be positioned inside the orifice.

In some embodiments, the cannula may be stabilized inside the orifice. For example, the
cannula may include a handle. The handle is optionally positioned protruding out of the orifice.
For example stabilizing the cannula may include holding the handle and/or by mounting the
handie to a support outside the orifice.

Additionally or alternatively, in some embodiments, the cannula is stabilized by
connection to a connector where, in some embodiments, the connector includes a handle located
outside the orifice. For example stabilizing the cannula may include holding the connector handle
and/or by mounting the handle to a support outside the orifice. In some embodiments, the
connector is coupled to a seal (e.g. including a GelPOINT® cap) sealing the orifice.

In some embodiments, a cutting device may be used to open an incision in a wall of the
orifice and/or the cannula may be guided along the cutting device through the incision.
Alternatively or additionally, a distal opening of cannula may be placed next to an incision
location in the wall of the orifice and/or a cutting device may be inserted through the cannula to
the incision site. For example the cutting device may include a needle and/or a laser and/or a
blade and/or a dilator. Optionally the cutting device may be used to open an incision in the wall
and then a distal portion of the cannula may be inserted through the incision.

In some embodiments, the cannula may be retained in the incision using the handle (e.g.
cannula handle and/or connector handle). For example, there may be no other objects between

the cannula and the sides of the incision. For example, there may no retainer inside the cavity

(for example a retainer may include a ring and/or a widened lip of the cannula and/or a retractor).
Alternatively or additionally, a retainer may be inserted into the incision. For example, the
incision may not be sealed around the cannula. Alternatively or additionally, the incision may be
sealed around the cannulia.

In some embodiments, a proximal extension may be joined to a cannula. Optionally, a
distal opening the extension may be joined to proximal opening of the cannula and/or a proximal
opening of the extension may be in communication with an external opening of the orifice. For
example, a proximal portion of the cannula may be inserted into a distal opening of the extension

and/or a distal portion of the extension may be inserted into a proximal opening of the cannula.
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Alternatively or additionally a linking tube and/or a locking link and/or a flexible link may be
used to join a proximal opening of the cannula to a distal opening of the extension.

[n some embodiments, the length of a channel may be adjusted. For example, the
extension may be inserted into the orifice until a proximal opening of the extension reaches a
desired location. For example the proximal opening of the extension may be positioned
approximately flush with an outer opening of the orifice. Alternatively or additionally, the
proximal opening of the extension may be positioned protruding out of the orifice by a distance
ranging between 1 to 5 cm and/or between 5 to 10 cm and/or between 10 to 50 cm. Alternatively
or additionally, the proximal opening of the extension may be positioned inside the opening of
the orifice by a distance ranging between 1 to 2 cm and/or between 2 to 5 cm and/or between 5
to 10 cm. Optionally the length may be adjusted while the lumen of the cannula remains 1n
communication with the lumen of the extension. For example, the length of the channel may be
adjusted be telescopic sliding of the extension with respect to the cannula.

In some embodiments, the orifice may be sealed around the channel. Optionally, the
extension (or cannula in the case of apparatus with a fixed length cannula, or in the case of a
telescoping cannula where the extension is part of the cannula) may be configured for sealing an
opening of the orifice. For example, a sealing apparatus may be attached to the extension (or
cannula). For example, in some embodiments, the sealing apparatus may include a sleeve and/or
an access cap. Optionally the seal will preserve positive pressure in the orifice and/or the body
cavity. For example, the pressure in the cavity may be greater than the external atmospheric
pressure. Pressure in the orifice may be maintained at a positive pressure differential with respect
to the external atmosphere by between 90 to 100 percent and/or between 70 to 90 percent and/or
40 to 70 percent and/or 10 to 40 percent as large as the pressure differential between the body
cavity and the external atmosphere.

In some embodiments the seal on the orifice may allow access to the channel (and/or by
means of the channel to the body cavity) and/or to the orifice. For example, a seal may include
one or more ports to the channel and/or a seal may include one or more ports to the orifice (e.g.
the space between an outer wall of the channel and an inner wall of the orifice). Optionally some

or all of the ports may be sealable e.g. by a sealing element e.g. by a cap fitted to a proximal end

of the port/s.
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For example, using a port, an instrument may be inserted into the orifice and/or into the
channel and/or through the channel into the cavity. In some embodiments, the sealing element
(e.g. cap) forms a seal between the instrument and the port.

Alternatively or additionally, a gas and/or liquid may be introduced via a port into the
orifice and/or into the channel and/or through the channel into the cavity.

In some embodiments, a handle of the cannula may pass through a port into the orifice.
For example a proximal end of the handle may be passed through the seal and/or the seal may
be positioned onto an opening of the orifice. Optionally, the seal (and/or a sealing element
coupled to a port through which the handle passes) may provide a pressure seal around the handle
and/or allow manipulation of the cannula.

An aspect of some embodiments of the current invention relates to supplying a pressure
seal for a natural orifice and a channel through the orifice, where the channel provides access to
a body cavity. In some embodiments, the channel includes a lumen of a cannula, e.g. a single
lumen cannula. Optionally, the pressure seal will preserve a pressure differential between the
orifice and/or channel and an outer atmosphere. In some embodiments there may be pressure
communication between the cavity and the orifice and/or the cavity and the channel. Optionally
the seal may preserve pressure in the orifice and/or the channel and/or the body cavity.

In some embodiments, there may be pressure and/or fluid (e.g. liquid and/or gas)
communication between the channel and the orifice and/or between the orifice and the cavity
and/or between the cavity and the channel. For example, an incision may allow communication

between the body cavity and the ortfice and/or between the body cavity and the channel. For

example, the channel may include openings to the oritice and/or space between parts of the
channel may allow communication between the channel and the orifice.
In some embodiments, there may be no active preservation of pressure differential

between the channel and the body cavity. For example, there may be no active preservation of

pressure differential between the channel and the orifice. For example, there may be no active
preservation of pressure differential between the orifice and the body cavity. For example, there
may not be a seal on the incision. For example, there may not be a seal between the cannula and
the incision. For example, the walls of the channel may not be sealed against the orifice.
Optionally, the pressure seal may preserve approximately equal pressure in the channel, the

orifice outside the channel and/or the body cavity. For example, the pressure differential between
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the cavity and the outer atmosphere may be between 90 to 110 percent and/or between 80 to 120
percent and/or between 60 to 140 percent and/or between 30 to 200 percent the pressure
differential between the orifice and the outer atmosphere. For example, the pressure differential
between the cavity and the outer atmosphere may be between 90 to 110 percent and/or between
80 to 120 percent and/or between 60 to 140 percent and/or between 30 to 200 percent the pressure
differential between the channel and the outer atmosphere. For example, the pressure differential
between the channel and the outer atmosphere may be between 90 to 110 percent and/or between
80 to 120 percent and/or between 60 to 140 percent and/or between 30 to 200 percent the pressure
differential between the orifice and the outer atmosphere. Optionally the pressure differential
between the cavity and the outer atmosphere may range between 2 to 4 mm Hg and/or between
4 to 8 mm Hg and/or between 8 to 12 mm Hg and/or between 12 to 16 mm Hg and/or between
16 to 30 mm Hg. For example the pressure differential between the cavity and the outer
atmosphere may be maintained via insufflation. For example, insufflation may be achieved by
applying pressurized gas, for example air and/or Carbon Dioxide and/or Nitrogen.

Optionally in some embodiments a seal for an orifice (the seal, in some embodiments
including a GelPOINT® cap) may include a port providing access from outside the orifice to the
body cavity. For example a portion of a channel (e.g. extending from a distal face of the seal to
the cavity) may pass through the seal. For example, a proximal opening of the channel may be
exposed to an external atmosphere outside the seal (e.g. at a proximal face of the seal). Optionally
there may be a cap for closing and/or limiting communication between the channel and the outer
atmosphere.

In some embodiments, access to the body cavity 1s supplied through the channel passing
through the orifice. Optionally the channel includes a proximal opening outside of a sealed
portion of the orifice. Optionally a cap 1s supplied to the proximal opening of the channel. For
example, the cap may preserve pressure in the orifice and/or in the channel and/or 1n the body
cavity. In some embodiments, the cap may include one or more openings (also herein termed
“ports”) e.g. providing access to the channel. The ports are optionally sized and shaped to allow
entrance and/or seal around a tool, for example a catheter and/or endoscope and/or surgical
mechanical arm (e.g. cylindrical surgical mechanical arm for example, including one or more
feature of surgical arms described and/or illustrated in US Patent No. 10,022,197). In an

exemplary embodiment, the cap includes one or more opening sized and/or shaped to allow
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entrance and/or seal around a cylindrical element of 1-20mm, or 5-10mm, or about 8mm
diameter, or lower or higher or intermediate ranges or diameters. Optionally multiple ports in the
cap allow insertion of multiple tools into the channel for example as illustrated in FIGs. 2 and/or
68 and/or 8B and/or 13H-J.

Optionally, the channel may include one or more guides to guide a tool along the channel.

In some embodiments, a port across the seal to the channel will be used for fluid communication.

In some embodiments, the cannula cross section has a long dimension and a short
dimension where maximum widths (e.g. elastically relaxed widths) ot the openings are smaller
than the short dimension and a sum of the maximum widths (e.g. elastically relaxed widths) of
the openings is smaller than the long dimension. Potentially, this means that surgical instruments
which are inserted through the openings are suitably sized for insertion into the cannula. In some
embodiments, this sizing of the openings and cannula potentially controls orientation of
insertion of coupled surgical instruments. For example, in some embodiments, surgical arms
coupled proximally (e.g. at motor units) 1n a linear configuration (e.g. in a row) are inserted
through the openings where the orientation of the linear configuration through the cannula is
controlled by the sizing of the openings.

In some embodiments, the seal includes one or more ports allowing access to the orifice.
For example, a handle may pass through the seal between the orifice and the external atmosphere.
For example, the handle may be used for stabilizing a portion of the channel and/or a distal
opening of the channel and/or the incision. In some embodiments the port in the seal may supply
access to the orifice outside the channel (for example for an instrument and/or for fluid
communication).

In some embodiments, a port extends through most of the channel. For example, in some
embodiments, a sheath including at least one lumen (e.g. a single lumen) extends through the
sealing element through a portion of a length of the channel. Where the portion of the channel
length 1s 50-99%, or 70-99%, or lower or higher or intermediate percentages or ranges. For
example, in some embodiments, a long axis length of the sheath (and/or a portion of the sheath
configured to extend distally from a distal face of the sealing element) 1s 50-99%, or 70-99%, or
lower or higher or intermediate percentages or ranges of a long axis of the cannula (and/or a

portion of the cannula configured to extend distally from the distal face of the sealing element).
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In some embodiments, an access opening to the orifice e.g. through the seal is self-
sealing, for example, closed when an instrument is not inserted through the opening. A potential
benefit being that a pressure differential may be maintained by the seal when instrument/s are
not inserted into the sea. For example, one or more port 1s self-sealing and/or sealable e.g.
includes portions which elastically deform to allow insertion of an instrument e.g. include a
duckbill seal e.g. a cannula seal e.g. one or more opening of a cap.

Before explaining at least one embodiment of the invention in detail, it is to be understood
that the invention is not necessarily limited in its application to the details of construction and
the arrangement of the components and/or methods set forth in the following description and/or
illustrated in the drawings and/or the Examples. The invention is capable of other embodiments

or of being practiced or carried out in various ways.

Variable length channel and access seal

FIG. 1 1s a schematic illustration of a variable length channel inserted through a natural
orifice in accordance with embodiments of the current invention.

In some embodiments, the channel may include multiple sections. Optionally, a distal
section is open to a body cavity, for example through an incision in the wall of the orifice.
Optionally an external opening of the orifice 1s sealed around a proximal portion of the channel.
In some embodiments, the distal section of the channel is stabilized from outside the orifice.

[n some embodiments, a channel 114 with proximal opening to outside a subject, passes

through a natural orifice 100 and/or includes a distal opening 109 to a body cavity 102 of the

subject. Optionally, a distal cannula 108 includes a distal opening 109 inserted through an
incision 107 in the wall of orifice 100 to the body cavity 102. For example incision 107 may be
made in tissue (e.g. a natural membrane) 106 (for example a rectovaginal septum separating the
vagina from the recto uterine pouch. Optionally a proximal opening 105 of cannula 108 is
positioned inside the orifice 100. Optionally, proximal opening 105 is in communication with a
distal opening 115 of a proximal extension 110 of the channel 114. For example, the distal
opening 115 of the extension 110 and the proximal opening 105 of the cannula may overlap. For
example, the cannula 108 may slide telescopically inside the extension 110. Alternatively or
additionally, the extension 110 may slide telescopically inside the cannula 108. Optionally,

cannula 108 and/or extension 110 are rigid. Alternatively or additionally one or both of a cannula
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and/or an extension may be flexible with a fixed cross section. Alternatively or additionally one
or both of a cannula and/or an extension may have a variable cross section. In some
embodiments, a distal portion of cannula may be flexible while handle remain rigidly connected
to the distal opening of the cannula.

In some embodiments, cannula 108 is stabilized from outside the orifice. For example,
cannula 108 may include a handle 116 that projects proximally beyond proximal opening 105.
For example, handle 116 may project out beyond a seal 112 on the opening of the orifice 100.
Optionally, handle 116 may be rigidly connected to cannula 108. Optionally, an external and/or
proximal and/or protruding portion of handle 116 may be held by an operator and/or connected
to an instrument holder (for example as illustrated in FIG. 9). For example, using handle 116 the
distal opening 109 of cannula 108 may be held inside of cavity 102. Optionally, the cannula may
not include a retaining mechanism (such as a retaining ring, a suture, a balloon and the like) to
keep the distal opening of the cannula 108 inside cavity 102.

In some embodiments there may be fluid and/or pressure communication between the
cavity and the orifice. For example, the cannula may be inserted directly through incision 107
and/or may not include a sealing mechanism separating cavity 102 from orifice 100. For
example, the system may allow leakage of fluid and/or pressure between cavity 102 and oritice
100. Alternatively or additionally, the connection between cannula 108 and extension 110 may
allow leakage of fluid and/or pressure between channel 114 and orifice 100.

In some embodiments, proximal section 110 of a channel 114 may include a seal 112.

For example, seal 112 may be sized and shaped to seal orifice 100 around channel 114. For

example, seal 112 may include a cap and/or a sleeve, for example as illustrated in FIG. 64, 68
and/or 9. Optionally, the seal may include one or more channels allowing access to the orifice,
for example as illustrated in FIGs. 2 and/or 6B. For example, seal 112 may limit pressure and/or
fluid communication between orifice 100 and an outer atmosphere. Optionally, a proximal
opening 113 of channel 114 (which optionally includes a proximal opening of extension 110)
may be exposed outside seal 112 and/or may supply access to channel 114 from outside the
subject. Optionally, opening 113 may include a cap for example as illustrated in FIGs. 6B, 7
and/ora‘ 10. For example the cap may limits pressure communication and/or fluid between orifice

channel 114 and an outer atmosphere.
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In some embodiments, extension 110 1s stabilized. For example, extension 110 may be
stabilized by its connection to orifice 100, for example by seal 112. Alternatively or additionally,
an extension may be connected to an external body part of the subject (for example skin 104).
Alternatively or additionally, extension 110 may include a handle and/or be held by an operator
and/or be connected to an instrument holder.

In some embodiments, orifice 100 may include a lumen e.g. a vagina. Optionally, cavity

102 may include a pouch of Douglas and/or an abdominal cavity (for example as 1llustrated in

FIG. 1]).

FI1G. 2 1s a schematic illustration of an access channel inserted through a natural orifice
to a body cavity and/or sealed to a natural orifice in accordance with embodiments of the current
Invention.

In some embodiments a seal 112 controls pressure and/or fluid exchanges between an
external atmosphere and internal portions of a subject, for example channel 114, orifice 100
and/or cavity 102. In some embodiments, there may be free pressure and/or fluid communication
between channel 114 and orifice 100. Alternatively, pressure and/or fluild communication
between channel 114 and orifice 100 may be limited. In some embodiments, there may be free
pressure and/or fluid communication between cavity 102 and orifice 100. Alternatively, pressure
and/or fluid communication between cavity 102 and orifice 100 may be limited. In some
embodiments channel 114 runs through a cannula 208. Optionally cannula 208 may have a
variable length. For example, cannula 208 could include two telescoping parts (for example
cannula 108 and/or extension 110 of FIG. 1). Alternatively or additionally, cannula 208 may
include a single part with variable length, for example a bellows. Alternatively or additionally,
cannula 208 may be flexible. Alternatively or additionally, cannula 208 may be rigid.

In some embodiments, an operator may keep a positive pressure in cavity 102. Optionally
the pressure in cavity 102 will approximately equalize with the pressure in channel 114 and/or
orifice 100.

In some embodiments, seal 112 may include one or more ports. Optionally, there may be
one or more ports from outside the subject to orifice 100, for example port 1 19. Optionally, there
may be one or more ports from outside the subject to channel 1 14, for example ports 118a and/or

118b. For example, ports 118a and/or 118b may allow insertion of multiple tools simultaneously
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into channel 114 and/or through channel 114 into cavity 102. Each port may include a cap and/or
a seal. For example, each opening may be completely open and/or sealed around a tool and/or

each opening may be completely sealed. Optionally a marker may show a length of channel 114.

Method of accessing a body cavity through an orifice

FIG. 3 1s a flow chart illustration of a method of accessing a body cavity through a
natural orifice in accordance with embodiments of the current invention. In some embodiments
a variable length channel is inserted through a natural orifice to a body cavity. Optionally, the
orifice is sealed around the channel.

In some embodiments, the cavity may be insufflated. Optionally, insufflation may be
achieved via a route other than orifice 110. Alternatively or additionally, insufiflation may be
achieved via orifice 110. Alternatively or additionally, cavity 102 may not be insufflated.

In some embodiments, an incision is made 307 between a natural orifice and a body
cavity. For example, the incision may be made 307 in a wall of the orifice, for example in a
membrane in the wall of the orifice. For example, the incision may be made 307 by first
puncturing the wall and then expanding the puncture with one or more dilators. Alternatively or
additionally, another method may be used to produce the incision. Alternatively or additionally,
an opening between the orifice and the cavity be naturally occurring and/or have resulted from
a pathological condition and/or remain from a previous procedure.

In some embodiments, a cannula may be inserted 308 into the orifice. For example, the

cannula may include a distal portion of a channel that will supply access through the orifice to

the cavity. Optionally, the cannula may be inserted 308 after making 307 the incision. For
example, the cannula may be inserted 308 into the orifice until a distal portion of the cannula
passes through the incision and/or until a distal opening of the cannula 1s positioned inside the
cavity. Optionally a guide may be used to guide the cannula to the incision. For example, the
cannula may fit around a dilator and/or the dilator may be used as a guide the cannula to the
incision. Alternatively or additionally, the cannula may be inserted into the orifice before making
307 the incision. For example, the cannula may be positioned with a distal opening at an incision

location and/or a needle and/or a dilator may be inserted through the cannula to make the

iNCISIOn.
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In some embodiments, after insertion 308 of the cannula into the orifice, the length of the
channel is adjusted 310. For example, the cannula may be shorted than the orifice. For example,
the proximal end of the cannula may be located inside the orifice. Optionally, an extension is
joined to a proximal opening of the cannula. For example, a lumen of the extension may be
placed in communication with a lumen of the cannula. For existence, a distal opening of the
extension may be joined to a proximal opening of the cannula. Optionally, the cannula and
extension may move relative to one another to adjust 310 the length of the channel. For example,
the cannula and extension may be connected telescopically for example as illustrated in FIG. 1.
Alternatively or additionally, the channel may include an extendable element, for example a
bellows. In some embodiments, the cannula may be extended to form a channel of the desired
length. For example, with the distal opening of the channel inserted 308 through the incision, a
proximal opening may reach an opening of the orifice (for example the length of the channel
may be adjusted to be approximately equal to the length of the orifice). Alternatively or
additionally, the cannula may be longer than necessary and/or the cannula may be contracted to
the desired length. In some embodiments a length of the channel may be indicated, for example
as illustrated in FIG. 7.

In embodiments, the orifice may be sealed 312. Optionally, a seal may be attached to the
channel for example as illustrated in FIGs. 1, 2, 5, 7 and/or 9. For example, the orifice may be
sealed around the channel and/or the channel may be closed with a cap. Optionally one or more
ports may be supplied to the orifice and/or to the channel, for example as illustrated in FIGs. 2,

4, 5 and/or 7. Optionally, the seal may control leakage of pressure from the cavity within the

orifice. For example, the pressure between the cavity and/or the orifice and/or the channel may
be equilibrated and/or a pressure difference between the cavity and/or the orifice and/or the
channel and/or external atmosphere may be preserved.

[n some embodiments, the cannula may be supported 316 from outside the orifice. For

example, the cannula may include a handle that projects out from the orifice, for example as
tlustrated in FIGs. 1, 5, 64 and/or 6B. For example the handle may be supported 316 on an
instrument holder, for example as illustrated in FIG. 9. Alternatively or additionally, the handle
may be held by an operator. Optionally a seal may control communication of fluid and/or
pressure around the handle. In some embodiments, the distal opening of the cannula may be

stabilized inside the cavity by supporting 316 the cannula on an external support. Alternatively
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or additionally, there may be a retainer in the cavity for stabilizing the distal opening of the
cannula inside the cavity. For example, one the cannula and/or the orifice seal is in place, the
instrument holder may be aligned to the handle of the cannula. The handle 1s optionally then

locked 1n place to the instrument holder.

Method of sealing a channel and/or an orifice

FIG. 4 is a flow chart illustration of a method of sealing a natural orifice access channel
to body cavity in accordance with embodiments of the current invention. In some embodiments,
a channel may be supplied through a sealed orifice to a body cavity. Optionally one or more
ports may supply access to the orifice and/or to the channel.

In some embodiments, an incision may be made 307 between the orifice and the cavity
and/or a cannula inserted 308 into the orifice and/or an opening of the orifice may be sealed 312,
for example as illustrated in FIG. 3.

In some embodiments one or more ports may be supplied 418, 419 through a seal to an
orifice and/or to the channel. Optionally each port may seal independently to an instrument
and/or may be separated sealable without an instrument. For example, a seal may include a gel
closure. The ports may be cut into the closure. For example, a preshaped introducer may form
ports in the closure, for example by puncturing the closure. Optionally an opening may be made
with a non-circular shape. For example, the opening may be sized and shaped to fit the cross '

section of extension 510 for example as illustrated in F/G. 5 of extension 710 for example as

ilfustrated in FIGs. 7 and/or 9.

In some embodiments, one or more ports may be supplied 418 to the channel. For
example, a cross section of the cannel may include a long dimension and a short dimension.
Multiple ports may be arranged along long dimension of the channel. For example, each tool
may take up at substantially all off the short dimension of the channel cross section. For example,
two instruments may fit side by side along the long le dimension of the cross section, but may
not fit side by side along the short dimension.

[n some embodiments, one or more access ports may be supplied 419 to the orifice. For
example, a port through the seal to the orifice may include a port sized and shaped to fit a handle
of a uterine manipulator. For example, a port through the seal to the orifice may include a port

sized and shaped to fit the handle of the cannula, for example as illustrated if FIGs. 5, 6B, 7
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and/or 10. FIG. 5 1s a photograph of components of an access channel to body cavity in
accordance with embodiments of the current invention. In some embodiments, a cannula 1s
shaped to fit into a natural orifice. Optionally, a dilator 1s shaped to fit through the cannula and/or
to open an incision shaped and sized to fit a distal portion of the cannula. Optionally, a distal
portion of an extension of the channel is made to fit a proximal portion of the cannula. Optionally,
the extension includes a seal configured to limit pressure and/fluid communication between the
orifice and an external atmosphere.

In some embodiments, a cannula 508 1s shaped to fit through a natural orifice. For
example, cannula 508 has a wide flat cross section that fits a vagina. For example, cannula 508
has a cross section with a long dimension that is approximately twice its short dimension.
Alternatively or additionally, the ratio of the long dimension to the short dimension may range
between 1.1 to 1.6 and/or between 1.6 to 2.4 and/or between 2.4 to 3.0 and/or between 3.0 to 5.0.
For example, for vaginal entry the long dimension of the cross section may range between 2 to
> cm.

In some embodiments, cannula 508 includes a handle 516. Optionally, handle 516
extends proximally beyond a proximal opening 505 of the cannula. For example, handle 516
may extend proximally to proximal opening 505 a distance ranging between 0.5 to 1 and/or 1 to
2 times and/or 2 to 5 times the distance from proximal opening 505 to a distal opening 509 of
the cannula. For example, handle 516 may be used to support cannula 508, for example as

illustrated in FIG. 3 and/or 9.

[n some embodiments, a set of a first dilator 526a and/or a second dilator 526b are shaped

to pass through cannula 508. For example, second dilator 526b may have dimensions that fit
snugly through cannula 508. For example, the outer cross section of dilator 526b may range
between 0.99 to 0.8 times and/or between 0.8 to 0.6 times the inner cross section of cannula 508.
Optionally, first dilator 526a fits snugly into second dilator 526b. Optionally, a needle 527 and/or
a needle holder 531 are supplied. For example, needle 527 fits through dilator 526a. For example,

needle 527 may be used to puncture an initial incision in a wall of the orifice. Dilators 526a
and/or 526b may be used successively to open the initial incision large enough to fit the distal

portion of cannula 508 through the incision into a body cavity of a subject.
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[n some embodiments an extender 510 may be joined to cannula 508. For example, a
distal opening 515 of extender 510 may be joined to proximal opening 505 of cannula 508 for
example as illustrated in FIG. I and/or FIG. 3.

In some embodiments, extender 510 may be connected to a seal 512. For example, seal
512 may be shaped and sized to seal the orifice, for example as illustrated in FIGs. 1, 2, 3 and/or
4. Optionally, seal 512 may include ports opening to extender 510 and/or the orifice, for example
as illustrated in FIGs. 1, 2, 3, 4 and/or 7. For example, multiple tools may fit side by side along
the long dimension of the cross section of extension 510 and/or cannula 508.FIG. 64 is a
schematic illustration of inserting a cannula into a natural orifice in accordance with
embodiments of the current invention. In some embodiments, a sleeve may be inserted into an
opening of an orifice. Tools are optionally inserted through the opening to make an incision in a
wall of the orifice. For example, the cannula may be inserted as illustrated in FIGs. 1, 3 and/or
9.

In some embodiments a sleeve 620 may be inserted into an orifice 100. For example,
sleeve 620 may include a retractor and/or an anal port and/or a speculum. Optionally a cannula
608 may be inserted entirely (e.g. both a proximal opening and distal opening of cannula 608
may be inserted) into orifice 100. Optionally, a handle 616 may protrude out of the orifice 100
and/or be used to support the cannula 608. Optionally, a distal opening of the cannula 608 may
be inserted into a body cavity 102 through an incision in a wall of the orifice. Optionally another

tool 622, for example a tenaculum and/or a uterine manipulator may be inserted into orifice 100.

FIG. 6B is a schematic illustration of sealing a channel to a natural orifice in accordance
with embodiments of the current invention. In some embodiments, a seal 612 may be fit to
sleeve 620. Optionally seal 612 may limit pressure and/or fluid communication between orifice
100 and an outer atmosphere (for example as illustrated in FIGs. 1, 2 and/or 3). Optionally, seal
612 may include ports opening access to orifice 100 and/or cannula 608. For example a cap 666
may include two ports 618a and/or 618b inCluding proximal openings 614 to a channel leading
to cannula 608 and/or an incision and/or a body cavity 102. Using ports 618a and/or 618b two
tools can independently be inserted through a single channel (e.g. cannula 608) and/or a single
incision through orifice 100 and/or into cavity 102. Alternatively or additionally, cap 666

contains another port to orifice 100. For example handle 616 may protrude through the
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additional port. Optionally, a second cap 624 covers another port 619. For example, port 619
may serve for inserting tool 622 into orifice 100.FIG. 7 is a photograph of a variable length
channel and orifice seal in accordance with embodiments of the current invention. In some
embodiments, a cannula is joined to extender to form a channel through an orifice. Optionally,
the extender is connected to a seal for an opening of the orifice. A handle connected to the
cannula optionally passes through the seal to support the cannula from outside the orifice for
example as illustrated in FIGs. 1, 2, 3 and/or 4. Optionally, the handle i1s graduated. For
example, the system of FIGs. 1, 2, 3, 4 and/or 7 may be used for transorifice laparoscopy.

In some embodiments, a cannula 708 1s joined to an extender 710. For example together,
the cannula and extender may form an access channel for transvaginal Culdoscopy. Optionally
the extender 710 includes a seal 712. For example seal 712 limits pressure and/or fluid
communication between the orifice and an outer atmosphere. For example seal 712 may be
attached to extension 710, for example on a proximal portion thereof.

In some embodiments, extender 710 slides over cannula 708. Shiding of extender 710
over cannula 708 optionally telescopes (for example to extend or contract) a transvaginal access
channel.

[n some embodiments a handle 716 1s connected to cannula 708. For example handle 716
extends proximally from cannula 708. Optionally, during use, handle 716 protrudes out seal 712
and/or 1s used to support cannula 708. In some embodiments, as cannula 708 slides with respect
to extension 710, handle 716 slides with respect to seal 712.

In some embodiments, an indicator informs an operator of the length of the channel. For

example, graduations are marked on handle 716. The graduations, for example, indicate the
length of the access channel. For example, knowing the length of the access channel may assist
an operator know how far to insert tools and/or dilators and/or may assist determine the proper
placement of the cannula 708.

Optionally seal 712 includes one or more ports. Optionally, one or more ports are open
to the orifice and/or the channel. For example, a port 719 may be open through seal 712 to the
orifice. For example for culdoscopy, the orifice includes a vagina. For example port 719 may be
used to control a uterine manipulator. Optionally a cap 724 limits pressure and/or fluid
communication -through port 719. Optionally multiple ports 714 may open to extension 710

and/or a channel through the orifice and/or a body cavity. Ports 714 are optionally used for
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independent access of multiple tools to a body cavity, for example a recto uterine pouch. In some
embodiments, a cap 766 limits pressure and/or fluid communication between an outer
atmosphere and/or the orifice and/or the channel. Optionally, seal 712 includes a further port to
the orifice. For example, handle 716 passes through the port between the orifice and an external
5  space. Optionally, cap 766 includes a slit through which handle 716 passes. For example the slit

may limit pressure and/or fluid communication through the port and/or around handle 716.

FIG. 84 1s a schematic illustration of preparing an orifice seal in accordance with
embodiments of the current invention. For example, an introducer including dilators 826 may
be used to poke one or more holes in a seal 812 and/or dilate and/or open existing hole/s. For

10 example, the holes may include ports 618a and 618b and/or a third port into a seal 812. In some
embodiments, a plurality of holes in seal 812 and/or two or more ports (e.g. two or more of ports
618a, 618b and the third port) are provided by a single port element. In some embodiments, a
port element includes a single channel extending from a proximal face of the seal to a distal face
of the seal (the channel 1s also termed “port”). In some embodiments, a port element includes a

15 plurality of such channels or “ports”.

For example ports 618a and 618b may provide access to a cross orifice channel. The
third port may supply access to the orifice, for example for a handle of a cannula. In some
embodiments, an introducer may include multiple dilators 826 and/or a handle 828. Optionally,
the introducer may make multiple holes in a predefined pattern. For example, as illustrated in

20  the figure, the introducer makes a set of three holes in a seal in a geometry suited for ports 714

to the trans orifice channel and/or the orifice and/or to form ports in a geometry that fit cap 766
and/or extender 710 and/or handle 716.

FIG. 8B is a simplified schematic of an orifice seal 812 and a port element 891, according

to some embodiments of the invention. In some embodiments, port element 899 provides a

25  plurality of channels through seal 812. For example, in some embodiments, port element

includes ports 618a, 618b, 618c (port 618c also termed “the third port). In some embodiments,

port element 891 is a single piece. In some embodiments, port element 891 includes a base 893

which is configured (e.g. sized and/or shaped) to prevent ports from passing through seal 812.

In some embodiments, base 893 connects one or more of ports 618a, 618b, 618c. In some

30 embodiments, base 893 has at least one dimension perpendicular to an axis of a lumen of one or
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more of the ports which is larger than all cross sectional dimensions of one or more of the ports
e.g. potentially preventing the port/s and/or port element from passing through seal 812.In some
embodiments, the port element provides support and/or guidance to instrument/s inserted
through the port element. In some embodiments, a handle connected to a cannula (e.g. handle
116 FIG. 1) extends through the third port, the port element thereby providing support to
instrument/s 1nserted through one or more of ports 618a, 618b which is stabilized by the handle.

FIG. 9 1s a photograph of a variable length channel and orifice seal connected to a
support in accordance with embodiments of the current invention. Optionally, during use of an
access system including a variable length channel, a distal portion of the channel may be held
by a support.

In some embodiments, the channel and/or the orifice seal may be held by a support.
Optionally, support 932 may be outside the subject. For example, handle 716 of cannula 708 1s
held by a support 932. Optionally, the subject 1s immobilized. For example, support 932
maintains a distal opening of cannula 708 inside a body cavity of the subject. For exampie, while
held in the subject, the channel may be used for access to the cavity, for example for surgery.

In some embodiments, a sleeve 930 may be positioned 1n an entrance to an orifice, for
example a vagina. Optionally sleeve 930 1s attached to seal 712. For example, sleeve 930 may
include a retractor, (for example an Alexis® wound retractor*). Seal 712 optionally includes an
access cap (for example a GelPOINT® cap*) [* both available from Applied Medical 22872
Avenida Empresa, Rancho Santa Margarita, CA 92688]. In some embodiments, a distal end of
sleeve 930 includes a base portion. In some embodiments the base portion 1s configured to anchor
the sleeve inside the orifice. For example, in some embodiments, the base portion is sized and/or
shaped to remain in position within the orifice e.g. elasticity of the orifice tissue holding the base
portion in place. Alternatively or additionally, in some embodiments, the base portion includes
a portion which 1s elastic, the portion being elastically compressed, positioned within the orifice
and released, elastic forces of the base portion against the orifice tissue holding the base portion
in place. In some embodiments, the base portion includes a reinforced ring which is, in some
embodiments, elastic e.g. including silicone rubber. A potential advantage of the base portion is
that it, in some embodiments, holds the sleeve in position and/or holds the sleeve open potentially
preventing interference of the sleeve with other elements and/or provides sealing at the natural

orifice.
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In some embodiments, the channel i1s longer than sleeve 930. For example, a distal
portion of cannula 708 may project longitudinally, past (and/or through) sleeve 930. For
example, a distal portion of cannula 708 may project into a body cavity, for example through an
incision in a wall of the orifice, for example into a recto urinary pouch.

5 FIG. 10 is a photograph of an orifice seal end cap in accordance with embodiments of
the current invention. For example two caps 724 and 766 are illustrated in a package 938
Optionally, cap 766 includes a slit 914. For example, slit 914 is sized and shaped fit to handle
716. For example, handle 716 may slide through slit 914. Additionally or alternatively, slit 914
may fit snugly to handle 716 and/or limit communication of pressure and/or fluid between the

10 orifice and the outer atmosphere. Optionally the material of cap 766 (and/or cap 1325 FIGs. 13H-
J) provides a pressure seal but has low friction to allow the sliding movement. In some
embodiments, cap 766 (and/or cap 1325 FIGs. 13H-J) may be made of silicon or silicon with a

friction reducing agent for example a coating of parylen.

FIG. 11 is a schematic illustration of a distal portion of a channel inserted through a

15  vagina into a pouch of Douglas in accordance with embodiments of the current invention. In the

exemplary embodiment, the channel passes through a natural orifice (e.g. a vagina 17) to provide
access to a body cavity (e.g. a rectouterine pouch 19).

Reference is now made to F/G. 11, which schematically represents the positioning of

cannula 1108 relative to anatomical structures of a female lower abdomen/pelvic region,
20 according to some embodiments of the present disclosure. Among the anatomical structures

shown are the uterus 15, vagina 17, bladder 15, rectum 11, and rectouterine pouch 19. Not shown

are the handle (for example handle 116) of cannula 1108, and optional associated devices such

as insufflation sealing which may be provided for, e.g., at the vaginal orifice, and/or a proximal

extension (for example extension 110) which may be telescopically fitted to extend the length
25  of cannula 1108.

In some embodiments, distal aperture 1109 of cannula 1108 is slanted at an angle
between a leading distal-most edge portion 1111a, and a following, more proximal edge portion
I111b. The longitudinal distance between distal-most edge portion 1111a and proximal-most
edge portion 1111b, in some embodiments, 1s about 15 mm. In some embodiments, the distance

30 is about 10 mm, 12 mm, 14 mm, 16 mm, 18 mm, or another longer, shorter, or intermediate
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distance. A potential advantage of the slanting of distal aperture 1109 1s to allow the cannula
edge to be relatively retracted on an unprotected side of the cannula which could otherwise be
accidentally positioned to scrape the rectum 11. As for the more-protruding leading-edge side
of the aperture 1111b: (1) upon insuftlation, tissue 1s generally lifted away from the rectum,
reducing contact risk posed by this side, and (2) the robotic arms, where they exit the cannula,
will generally be curved across the plane of the leading edge as they reach deeper into the
peritoneal space. This potentially prevents contact of the leading edge with delicate internal

tiIssues.

Additional exemplary embodiments

FIG. 12 is a flow chart illustration of a method of providing sealed access to body cavity
through a sealed natural orifice and/or sealed channel, according to some embodiments of the
invention.

At 1200, in some embodiments, a sealing unit connector (e.g. connector 1318 FIGs.
13A-]) is coupled to a sealing element, also termed in this document “seal”, (e.g. seal 1312
FIGs. 13A-)) which is sized and/or shaped to seal a natural orifice. In some embodiments, the
sealing element includes a GelPOINT® cap. In some embodiments, coupling 1s by inserting at
least a portion of the sealing unit connector into and/or through the seal, for example, by creating
and/or opening and/or enlarging an opening in the seal and inserting at least a portion of the
connector into and/or through the opening. In some embodiments, the seal includes flexible
and/or elastic material which is configured to seal around the inserted connector.

Optionally, in some embodiments, insertion of the connector is using an introducer (e.g.
introducer 1301 FIGs. 13A-J)). Where, in some embodiments, force applied to the introducer 1s
transferred to the seal to create and/or open and/or enlarge the opening in the seal and/or to insert
one or more portion of the connector into and/or through the seal.

At 1202, optionally, in some embodiments the introducer is removed from the connector.

At 1204, in some embodiments a cannula (e.g. cannula 1310 FIGs. 13D, E, I and J) 1s
inserted into the orifice and into the body cavity. In some embodiments, insertion is through the

sealing element e.g. through a lumen 1n the connector coupled to the sealing element.
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At 1206, in some embodiments, a cannula seal (e.g. cannula seal 1311 FIGs. 13E-G) 1s
coupled to the cannula e.g. to a proximal end of the cannula which proximal end, in some
embodiments, extends from a proximal face of the sealing element. In some embodiments, the
cannula seal is coupled to a proximal end of the connector, sealing the connector lumen,
connection between the connector lumen and the cannula being sufficiently close and/or
including addition seal/s (e.g. an O-ring between the cannula and connector) so that the seal
established between the connector and the cannula seal also seals the cannula.

At 1208, in some embodiments, a sheath (e.g. sheath 1323 FIGs. 13H-I) 1s inserted into
the cannula through the cannula seal. In some embodiments, the sheath

At 1210, in some embodiments, sheath seal, also termed *“sheath cap” (e.g. sheath seal.
1325 FIGs. 13H-J) is attached to a proximal opening of the sheath.

At 1212, in some embodiments, surgical instrument/s are inserted into the cavity through
opening/s in the sheath cap. In some embodiments, a single surgical instrument is inserted into
one or more sheath cap opening.

In some embodiments, the sheath cap provides a seal around the surgical instrument/s
potentially maintaining a pressure differential between the cannula and pressure external to the
cannula. In some embodiments, the presence of the cannula seal in addition to the sheath cap
means that when there are no instruments and/or less instruments than sheath cap openings
inserted through the cap, a pressure differential between the cannula lumen and entrance to the
openings is maintained. For example, allowing removal and/or insertion and/or exchange of
instruments during a procedure without losing pressure of the insuftlated cavity.

FIGs. 13A-] are simplified schematics illustrating access and/or sealing apparatus,
according to some embodiments of the invention.

FIG. 13A shows an introducer 1301 and a sealing unit connector 1318, according to
some embodiments of the invention.

In some embodiments, introducer 1301 includes a distal portion 1328 sized and/or
shaped to fit into a lumen 1303 of sealing unit connector 1318. In some embodiments, distal
portion 1328 of introducer 1301 includes a tapered dilator portion e.g. at a distal end of the
introducer.

In some embodiments, introducer 1301 includes a handle 1326 e.g. at a proximal end of

introducer 1310. In some embodiments, handle 1326 includes a portion which includes at least
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one cross sectional dimension which is larger than an entrance to sealing unit connector lumen
1303. Potentially, this enables force applied to handle to be transferred to connector 1318 e.g.
so that a user applying force to the handle is able to push connector 1318 into and/or through a
seal.

In some embodiments, connector 1318 includes a lumen 1303. In some embodiments,
connector 1318 includes a rim (which 1s, for example, a flange) 1307 at a distal end of the
connector lumen. In some embodiments, connector 1318 includes a rim (which is, for example,
a flange) 1305 at a proximal end of the connector lumen 1303. In some embodiments, one or
both of rims 1305, 1307 have a larger cross sectional dimension that a central portion of the
connector. Potentially preventing movement of the connector out of the seal and/or through the
seal.

In some embodiments, connector 1318 includes a support 1309 which, in some
embodiments, is coupled to additional element/s e.g. to prevent movement of the connector e.g.

with respect to other apparatus and/or a patient.

FIG. 13B shows introducer 1301 coupled to sealing unit connector 1318 and positioned
in preparation for coupling to a seal 1312, according to some embodiments of the invention.
Where coupling is, e.g. by insertion of a distal portion of the introducer into the lumen of
connector 1318.

In some embodiments, FIG. 13C shows sealing unit connector 1318 coupled to seal

1312, achieved, for example, by application of pressure to handle 1301 until distal portion 1328

of the introducer pushes a distal portion of connector 1301 through into seal 1312 and/or a
portion of connector 1310 through seal 1312. In some embodiments, introducer 1391 pierces a
hole through seal 1312. Alternatively, in some embodiments, introducer 1391 enlarges an

existing hole within seal 1312.

In some embodiments, FIG. 13D shows a cannula 1310 positioned for entrance into
connector lumen 1303 which lumen forms a channel through seal 1312 (introducer 1301 has
been removed from lumen 1303). In some embodiments, cannula 1310 has a single lumen 1315.
In some embodiments, cannula 1310 has a rim (which is, for example, a flange) 1317 which, in
some embodiments, 1s sized and/or shaped to be held by connector 1310 e.g. potentially

preventing the cannula from passing entirely through lumen 1303 of connector 1318. In some
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embodiments, a cross section of rim 1317 includes one or more dimension which is larger than

a cross sectional dimension of lumen 1303.

In some embodiments, cannula 1310 includes one or more features as described and/or
illustrated regarding one or more of cannula 208 FIG. 2, 508 FIG. 5, 608 FIGs. 6A-B, 708 FIGs.
7, 9.

In some embodiments, FIG. 13E shows sealing unit connector 1318 and seal 1312 after
cannula 1310 has been inserted through sealing unit lumen 1303 and a cannula seal 1311
orientated ready for attachment to proximal opening/s of the sealing unit and/or cannula. In
some embodiments, a lumen cannula 1310, when connected to seal 1312 by connector lumen
1303 forms a lumen passing through a natural orifice (e.g. as described elsewhere in this
document).

In some embodiments, FIG. 13F shows cannula seal 1311 and FIG. 13G shows a cross
section of cannula seal 1311, according to some embodiments of the invention. In some
embodiments, cannula seal 1311 includes a flexible portion 1313 sized and/or shaped to seal
against a sheath (e.g. sheath 1315 FIGs. 13H-I). In an exemplary embodiment, flexible portion
1313 is a duckbill gasket with a direction of protrusion of the duckbill into lumen/s of the
connector and/or cannula. In some embodiments, cannula seal 1311 includes a frame 1319. In
some embodiments, frame 1319 is rigid. In some embodiments, cannula seal connects to the
connector and/or cannula at the frame, which, in some embodiments, 1s sized and/or shaped to
be held by a step 1321 between connector and cannula. Where, in some embodiments, step 1321

is present as a proximal end of the cannula is held recessed within connector lumen, a difference

in size between the cannula and the connector generating the step. For example, as illustrated 1n
FIG.13E.

In some embodiments, cannula seal 1311 and/or connector 1305 include a connection
geometry e.g. mating protrusion/s and/or indentations e.g. a snap-fit connection. In an
exemplary embodiment, cannula seal 1311 includes a protrusion 1351 sized and/or shaped to fit
into a notch 1353 in connector 1305. Potentially, such connection between the cannula seal 1311
and connector increases robustness of the connection e.g. potentially preventing loss in sealing
provided by the cannula seal under use forces e.g. associated with insertion and/or removal of

instruments e.g. associated with movement of the patient and/or of patient tissue.
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In some embodiments, FIG. 13H shows a sheath 1323 and a sheath seal 1325, also herein
termed “sheath cap”. In some embodiments, sheath seal includes a plurality of openings which,
in some embodiments, are configured to each seal around a surgical tool. For example, in some
embodiments, one or more sheath seal opening i1s configured to seal against a surgical
mechanical arm. In some embodiments, the sheath lumen and/or sheath seal and/or cannula seal
and/or cannula lumen is sized and/or shaped to receive (e.g. simultaneously) two cylindrical
elements (e.g. surgical mechanical arms) of 1-20mm or 5-10mm, or about 8mm diameter or
lower or higher or intermediate ranges or diameters. Where, in some embodiments, a space
between the cylindrical elements is 0.5-20mm or 0.5-10mm or 1-5mm, or about Smm, or less
than Smm or lower or higher or intermediate distances or ranges. In some embodiments, a cross
section of said single lumen (and/or of a lumen of the sheath) has a long dimension and a short
dimension and each cap opening has a width smaller than the short dimension and the sum of
the cap opening widths is greater than the short dimension and less than the long dimension, e.g.
potentially controlling an angle of insertion of coupled surgical instruments.

In some embodiments sheath seal is formed of flexible material e.g. silicone rubber. In
some embodiments, sheath seal 1325 includes one or more feature as described elsewhere 1n
this document regarding cap/s, e.g. caps 624, 666 in F1G. 6B, caps 724, 766 in FlIGs. 7, 9, and
10.

In some embodiments, FIG. 131 shows sheath seal 1325 coupled to sheath 1323 (e.g. a
proximal end of sheath 1323) and sheath 1323 being inserted into cannula 1310. Where the

sheath forms a channel through seal 1312 and, in some embodiments, to cannula 1310. In some

embodiments, cannula seal 1311 is configured to make a seal between sheath 1323 and cannula
1311 and/or the lumen of connector 1305.

In some embodiments, FIG. 13] shows the sheath fully inserted into cannula 1310. In
some embodiments, an opening in the sheath (e.g. at the distal end of the sheath) is disposed
within cannula, for example, within a distal portion having 5%, or 10%, or 20% or 50% of a
long axis length of the cannula. For example, in some embodiments, a long axis length of sheath
is shorter than a long axis length of the cannula. For example, in some embodiments, a long axis
length of the sheath is 50-99%, or 80-99% or 80-99% of a long axis length of the cannula. In
some embodiments, the sheath and the cannula have substantially the same long axis length e.g.

within 1 mm, or 10 mm, or 20 mm of a distal end and/or opening of the cannula.
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General
The terms “comprises”, “comprising”, “includes”, “including”, “has”, “having” and
their conjugates mean “including but not limited to”.

The term “consisting of”” means “including and limited to”.

The term “consisting essentially of” means that the composition, method or structure
may include additional ingredients, steps and/or parts, but only if the additional ingredients,
steps and/or parts do not materially alter the basic and novel characteristics of the claimed
composition, method or structure.

As used herein, the singular forms “a”, “an” and “the” include plural references unless
the context clearly dictates otherwise.

Whenever a numerical range is indicated herein (for example “10-157, *10 to 15”, or
any pair of numbers linked by these another such range indication), it 1s meant to include any
number (fractional or integral) within the indicated range limits, including the range limits,
unless the context clearly dictates otherwise. The phrases “range/ranging/ranges between” a first
indicate number and a second indicate number and “range/ranging/ranges from™ a first indicate

> B 14 b B 14

number “to”, “up to”, “until” or “through” (or another such range-indicating term) a second
indicate number are used herein interchangeably and are meant to include the first and second
indicated numbers and all the fractional and integral numbers therebetween.

Unless otherwise indicated, numbers used herein and any number ranges based thereon

are approximations within the accuracy of reasonable measurement and rounding errors as

understood by persons skilled in the art.

[t i1s appreciated that certain features of the invention, which are, for clarity, described
in the context of separate embodiments, may also be provided in combination in a single
embodiment. Conversely, various features of the invention, which are, for brevity, described in
the context of a-single embodiment, may also be provided separately or in any suitable sub
combination or as suitable in any other described embodiment of the invention. Certain features
described 1n the context of various.embodiments are not to be considered essential features of
those embodiments, unless the embodiment is inoperative without those elements.

Although the invention has been described in conjunction with specific embodiments

thereof, it 1s evident that many alternatives, modifications and variations will be apparent to

CA 3015089 2018-08-23



GALSI18-1CA

39

those skilled in the art. Accordingly, it 1s intended to embrace all such alternatives, modifications

and variations that fall within the spirit and broad scope of the appended claims.

Citation or 1dentification of any reference in this application shall not be construed as

an admission that such reference is available as prior art to the present invention. To the extent

5  that section headings are used, they should not be construed as necessarily limiting.
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WHAT IS CLAIMED I5:

. An access port for sealing an opening of a natural orifice and supplying access to a body

cavity through the natural orifice comprising;:
a sealing unit;
an unobstructed single lumen cannula extending to said body cavity;
a connector connecting said cannula to said sealing unit;
an access opening through the sealing unit to said single lumen; and

a cap including a plurality of cap openings configured to seal between medical

instruments inserted into the openings and said access opening.

2. The access port of claim 1, wherein said connector comprises a connector lumen which

defines said access opening.

3. The access port of claim 2, wherein said connector lumen comprises proximal and distal
openings, said proximal opening disposed proximal to a proximal face of said sealing unit, said

distal opening disposed distal of a distal face of said sealing unit.

4. The access port according to any one of claims | to 3, wherein one or both of proximal and

distal openings of said connector has a flange.

5. The access port according to any one of claims 1 to 4, comprising an opening through said

sealing unit to the natural orifice.

6. The access port according to any one of claims 1 to 5, wherein said natural orifice 1s a vagina.

7. The access port of according to any one of claims 1 to 6, wherein said cannula 1s open to an

intraperitoneal cavity through said natural orifice.
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8. The access port according to any one of claims 1 to 7, comprising a sheath extending from a
proximal face of said sealing unit, through said sealing unit and through to said cannula lumen

and extending within at least a portion of a length of said cannula lumen.

9. The access port according to claim 8, comprising a cannula seal configured to seal one or

both of a proximal opening of said cannula and a proximal opening of said sheath.

10. The access port according to any one of claims 1 to 8, comprising a port element

describing a channel through said sealing unit and opening to said cavity.

11. The access port according to any one of claims 1 to 9, comprising a port element

describing a channel through said sealing unit and opening into said lumen of said cannula.

12. The access port of claim 11, wherein said port element includes a sheath extending from
a proximal face of said sealing unit, through said cannula and extending within a least a portion

of said cannula.

13.  The access port according to any one of claims 1 to 12, wherein a transverse cross section

of said single lumen has a long dimension and a short dimension; and

wherein each cap opening has a width smaller than said short dimension and the sum of
widths of said plurality of cap openings is greater than said short dimension and less than said

long dimension.

14. The access port of claim 13, wherein said cross section of said single lumen has, 1n at least

one dimension, a width of at least 21 mm.

15. The access port according to any one of claims 1 to 14, wherein a transverse cross section
of said single lumen has long dimension and short dimension and at least one of said openings

has a width at least 90% the short dimension.
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16. A Kkit for providing access to a cannula leading to a body cavity through a seal on a natural

orifice comprising:
a connector comprising:

a channel with a distal opening and a proximal opening and configured to pass
through said seal and attach to a cannula passing through the orifice to the body cavity,
said connector having a distal opening on an inner side of said seal and a proximal opening

to an outer side of said seal; and

a cap comprising a plurality of openings and sized and shaped to seal a lumen of

said cannula.

17. The kit of claim 16 comprising;:

a sheath sized and shaped to pass through said connector and extend within at least a

portion of said cannula lumen.

18. The kit of claim 17 comprising a sealing element sized and shaped to fit to one or both of
said sheath and said cannula and including elastically bendable flexible portions which, when
elastically relaxed, close a lumen of said sealing element to seal one or both of said sheath and

sald cannula.

19. The kit according to claim 17 or claim 18, wherein said cap is sized and shaped to attach

to one or more of a proximal opening of said cannula, a proximal opening of said sheath, and a

proximal opening of said connector.

20. The kit according to any one of claims 16 to 19, wherein said distal opening has a cross
section with a long dimension and a short dimension and wherein said long dimension is at least

twice said short dimension.

21.  An access channel for access to a body cavity through a natural orifice comprising:

a variable length unobstructed channel including:
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a rigid cannula having a distal opening configured to fit through an incision in a

wall of the orifice; and

a rigid tubular extension for said cannula; a distal opening of said extension fitting
to a proximal opening of the cannula and joining a lumen of said cannula to a lumen of
said extension to form said variable length channel between said distal opening of said
cannula and a proximal opening of said extension, said extension sliding longitudinally
with respect to said cannula to extend and contract a length of said variable length channel

by at least 25% of a maximal length of the channel,

wherein a cross section of the channel has a long dimension at least twice a short

dimension of said cross section.

22. The access channel of claim 21, comprising:

a seal attached to said extension shaped and sized to limit communication of pressure

between said incision and an external opening of the orifice.

23. The access channel according to claim 21 or claim 22, wherein said extension is attached to

said seal by passing through a channel in said seal.

24. The access channel according to any one of claims 21 to 23, comprising:

a handle rigidly joined to said cannula and extending proximally past said seal.

25.  The access channel of claim 24, wherein said handle passes through a port in said seal.

26. The access channel according to any one of claims 21 to 25, comprising:

a handle rigidly joined to said distal opening of said cannula and extending proximally

past said proximal opening of said extension.

27. The access channel according to any one of claims 21 to 26, further comprising:

a dilator including:
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a tapered tip for enlarging said incision; and

a body at least as long as said cannula and fitting through said channel.

28. The access channel of claim 27, wherein a cross section of an outer contour of said dilator

fills at least 80% of the area of the internal cross section of said cannula.

29. An access channel to a body cavity through a natural orifice comprising:

a distal portion including a distal opening configured for insertion through an incision

into the body cavity;

a proximal portion disposed within said natural orifice and including a proximal opening

movable with respect to said distal portion;
a lumen joining said distal opening with said proximal opening; and

a handle rigidly attached to said distal portion and extending proximally past said

proximal opening.

30. The access channel of claim 29, wherein a cross section of the channel has a long

dimension at least twice a short dimension of said cross section.

31. The access channel of claim 30, comprising:

a seal attached to said proximal portion, said seal shaped and sized to limit

communication of pressure between said incision and an external opening of the orifice,

wherein said handle passes through a port element in said seal.

32. The access channel according to any one of claims 29 to 31, comprising;:

a seal attached to said proximal portion, said seal shaped and sized to limit

communication of pressure between incision and an external opening of the orifice.

33. The access channel according to any one of claims 29 to 32, comprising:

a dilator including a tapered tip for enlarging said incision and
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a body at least as long as said distal portion and fitting through said channel.

34. The access channel of claim 33, wherein a cross section of said dilator fills at least 80%

of the area of the internal cross sectional of said distal portion.

35. A method for providing access to a body cavity through an orifice comprising:

inserting a distal portion of a cannula including a distal opening through a tissue

separating said cavity from said orifice;

during said inserting, maintaining a position of a proximal portion of a cannula including
a proximal opening inside said orifice with respect to one or more of said orifice and said cavity;

and

inserting a tool through a lumen of said cannula, from said proximal opening to said

distal opening through said tissue into said body cavity.

36. The method of claim 35, comprising:

joining said proximal opening of said cannula to a distal opening of a tubular extension,
a combined lumen said cannula and said extension providing communication between satd distal

opening of the cannula and a proximal opening of said extension,

wherein said proximal opening of said extension is movable with respect to said distal

opening of said cannula; and

wherein said inserting is through said proximal opening of said extension.

37. The method of claim 36, comprising;:

sealing an opening of the natural orifice around extension with a seal element.

38. The method of claim 37, comprising:

providing a plurality of ports from outside said seal element to said lumen of said

extension.

CA 3015089 2018-08-23



GALSI8-1CA

46

39. The method according to claim 36 or claim 37, comprising;:

inserting multiple tools independently and simultaneously from outside said orifice

through said combined lumen into said cavity.

40. The method according to any one of claims 35 to 39, comprising;:

stabilizing said cannula from outside the orifice.
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