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(57) Abrege(suite)/Abstract(continued):
comprises an external seal housing having at least one working channel and that is coupled to a flexible and/or resilient retractor.

The retractor can include a resilient ring at its distal circumference configured to be deformed to faclilitate insertion through an
Incision and then to return to an undeformed state having a diameter greater than a diameter of the incision once within a body
cavity. Various means of coupling the retractor to the housing are disclosed, as are various types of seals that can be included
within the housing. "Low-profile” and "peel-away cannula” embodiments of the surgical access device are disclosed, along with

methods of accessing a body cavity using such devices.
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ABSTRACT:

Devices and methods are disclosed for accessing a body cavity or other surgical site while
providing optimal device length and improved tissue retraction, device retention and stability,
and seal integrity. A surgical access device 1s disclosed that generally comprises an external seal
housing having at least one working channel and that is coupled to a flexible and/or resilient
retractor. The retractor can include a resilient ring at its distal circumference configured to be
deformed to facilitate insertion through an incision and then to return to an undeformed state
having a diameter greater than a diameter of the incision once within a body cavity. Various
means of coupling the retractor to the housing are disclosed, as are various types of seals that can
be included within the housing. “Low-profile” and *“peel-away cannula” embodiments of the

surgical access device are disclosed, along with methods of accessing a body cavity using such

devices.
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RETRACTOR WITH FLEXIBLE SLEEVE
FIELD OF THE INVENTION

[0001] The present invention relates to methods and devices for performing surgical procedures,

and in particular to methods and devices for accessing a body cavity.
BACKGROUND OF THE INVENTION

[0002] In many surgical procedures, 1t is desirable to provide one or more working channels into
a body cavity through which various instruments can be passed to view, engage, and/or treat
tissue to achieve a diagnostic or therapeutic effect. In laparoscopic abdominal procedures for
example, the abdominal cavity is generally insufflated with CO, gas to a pressure of around 135
mm Hg. The abdominal wall is pierced and one or more tubular cannulas, each defining a
working channel, are inserted into the abdominal cavity. A laparoscopic telescope connected to
an operating room monitor can be used to visualize the operative field and can be placed through
one of the working channels. Other laparoscopic instruments such as graspers, dissectors,
scissors, retractors, etc. can also be placed through one or more of the working channels to

facilitate various manipulations by the surgeon and/or surgical assistant(s).

[0003] One problem with existing methods and devices 1s that the thickness of abdominal tissue
which must be traversed by the cannula varies from batient to patient. As a result, when working
with fixed length devices, a variety of different length cannulas are required to be on hand and
the surgeon must estimate the thickness of the abdominal tissue for the particular patient and
then select a cannula having the proper length. This process 1s cumbersome and can result in the
insertion of cannulas that have an excess length within the patient. When cannulas are placed in
close proximity to each other, such excess cannula length can cause interference between

working channels and the instruments passed therethrough. The excess length can potentially

cause damage to patient tissue if the excess length 1s significant.

[0004] Another drawback to existing access devices is that they do not retract tissue beyond the
1nitial incision to any appreciable degree. Instead, they generally have a rigid body with a
straight tubular shape that dramatically limits the range of angles at which surgical instruments

can be posttioned when passed therethrough. Angulation of such instruments thus requires
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angulation of the entire access device, which can cause these existing devices to suffer from
decreased retention and stability and from poor seal integrity between the access device and
adjacent tissue. Sutures, stability threads, deployment anchor mechanisms, and collars have been
developed in an attempt to address these concerns, however further improvements would be
desirable, particularly for smaller-diameter access devices or where extreme angulation is

required.

10005] Accordingly, there 1s a need for surgical access methods and devices that provide optimal

device length and improved tissue retraction, tissue wall retention, stability, and seal integrity.
SUMMARY OF THE INVENTION

[0006] The methods and devices disclosed herein can be useful to access a body cavity while
providing optimal device length, improved tissue retraction, improved retention and stability of

the device in tissue, and improved seal integrity.

10007] In one exemplary embodiment, a surgical access device is provided. The surgical access
device can include a housing having a proximal external portion and an elongate implantable
distal portion with at least one working channel extending therebetween, the housing being
configured to recelve at least one surgical instrument for passage into the working channel. The
device can further include a flexible elongate sleeve coaxial with the housing and matable to and
extending over a portion of the implantable distal portion such that the sleeve extends distally
from the implantable distal portion and a resilient and flexible annular ring at the distal
circumference of the sleeve, wherein the annular ring has a diameter in its undeformed state that
1s greater than a diameter of the sleeve and the implantable distal portion. The annular ring can

optionally include a resilient member disposed therein.

[0008] The implantable distal portion of the housing can be matable to the sleeve in a variety of
ways. In one embodiment, the implantable distal portion can have at least one surface feature on
an exterior thereof, such as a thread and/or a raised ridge, configured to engage the sleeve. The
device can further include at least one collar configured to be disposed around the sleeve and the
implantable distal portion to assist in mating the sleeve to the housing. The collar can take a

variety of forms, comprising for example an elastic o-ring and/or two matable halves. The shape
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and size of the elongate sleeve is not particularly limited, and in one embodiment the distal

portion of the elongate sleeve can be flared such that it has a diameter greater than a diameter of

a proximal portion thereof.

[0009] The housing can include at least one instrument port formed therein, the at least one
instrument port being in communication with the working channel and having at least one seal
element formed therein. The seal element can be effective to provide a Substantially fluid tight
seal with a surgical instrument when the surgical instrument is present in the instrument port. In
another embodiment, the seal element 1s configured to provide a substantially fluid tight seal

when the surgical instrument is not present in the instrument port.

[0010] In another embodiment, the surgical access device can comprise a semi-rigid cannula
having at least an implantable portion and a flexible and resilient retractor extending distally
from the cannula and coupled along a length of the implantable portion of the cannula at a seal
region. The seal region can be configured to form a seal with tissue along a sidewall of an
opening in a tissue layer, and the retractor can include a distal portion terminating in an annular
ring that is configured to expand radially within a body cavity beneath the tissue layer such that
the distal portion of the retractor has a diameter greater than the cannula and is configured to
abut the tissue layer. The seal region can optionally be configured to be positioned about
halfway through the tissue layer. The implantable portion can have at least one surface feature
formed on an exterior thereof configured to engage the retractor, such as a thread and/or a raised
ridge. The surgical access device can further include at least one collar configured to be

disposed around the retractor and the implantable portion to assist in mating the retractor to the

cannula.

[0011] The cannula can also include at least one instrument port formed therein, the instrument
port having at least one seal element formed therein that can be effective to provide a
substantially fluid tight seal with a surgical instrument when the surgical instrument is present in
the instrument port. In another embodiment, the seal is configured to provide a substantially

flmd tight seal when the surgical instrument is not present in the instrument port. The distal
potion of the retractor can be flared such that is has a diameter greater than a diameter of a

proximal portion thereof.
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[0012] In another exemplary embodiment, a method for providing access through tissue to a
body cavity is provided. The method can include providing a housing having an external
portion, an elongate implantable portioh, and a flexible and resilient retractor extending over a
length of the implantable portion at a seal region. The housing, implantable portion and retractor
can define a working channel that terminates in a resilient annular ring at a distal portion of the
flexible retractor, and the annular ring can have a diameter in an undeformed state that 1s greater
than the diameter of the implantable portion. The method can also include implanting the
housing by deforming the retractor such that it 1s able to pass through an opening in a tissue
layer, positioning the housing such that the implantable portion extends at least partially into the
opening in the tissue layer creating a seal between a tissue wall defining the opening and the seal
region, and allowing the annular ring to return to the undeformed state distal to the tissue layer.
In certain embodiments, the annular ring can abut a portion of the tissue layer. In addition, the

external portion of the housing can abut an exterior surface of the tissue layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The invention will be more fully understood from the following detailed description

taken 1n conjunction with the accompanying drawings, in which:

[0014] FIG. 1 1s a perspective view of one embodiment of a surgical access device with a

flexible retractor;

[0015] FIG. 2 1s a cross-sectional view of the surgical access device of FIG. 1;

[0016] FIG. 3 1s an exploded perspective view of one embodiment of an instrument seal;
[0017] FIG. 4 1s a perspective view of one embodiment of a zero-closure seal;

[0018] FIG. 5 1s a cross-sectional view of the surgical access device of FIG. 1 inserted into an

incision in a tissue layer;

[0019] FIG. 6 1s a cross-sectional view of a distal portion of one embodiment of a surgical access

device having a tapered cannula;
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[0020] FIG. 7A is a cross-sectional view of a distal portion of one embodiment of a surgical

access device having a cannula with a helical thread formed on an exterior surface thereof;

[0021] FIG. 7B is a cross-sectional view of a distal portion of one embodiment of a surgical

access device having a cannula with a plurality of raised ridges formed on an exterior surface
thereof;

[0022] FIG. 8A is a plan view of one embodiment of a collar comprising an elastic o-ring;
[0023] FIG. 8B is a plan view of one embodiment of a collar comprising two matable halves;

10024] FIG. 8C 1s an exploded plan view of one embodiment of a collar comprising two halves

matable by screws;

[0025] FIG. 8D 1s a cross-sectional view of the surgical access device of FIG. 1 having a collar

disposed around the flexible retractor and a cannula;

[0026] FIG. 8E 1s a cross-sectional view of the distal portion of the surgical access device of

FIG. 7B having multiple collars disposed around a retractor and the cannula;

[0027] FIG. 9A 1s a cross-sectional view of an incised tissue layer and the surgical access device

of FIG. 1 with a retractor in a deformed state;

[0028] FIG. 9B 1s a cross-sectional view of the surgical access device of FIG. 9A partially

inserted into the incised tissue layer;

[0029] FIG. 9C is a cross-sectional view of the surgical access device of FIG. 9A with the

retractor in an undeformed state beneath the incised tissue layer of FIG. 9A;

[0030] FIG. 10 is a cross-sectional view of the surgical access device of FIG. 1 having been

angulated within an incision in a tissue layer;

[0031}] FIG. 11A 1s a partial cross-sectional view of one embodiment of a surgical access device

having peel-away cannulas inserted into an incised tissue layer;
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[0032] FIG. 11B is a partial cross-sectional view of the surgical access device of FIG. 11A

having been angulated within the incised tissue layer;

[0033] FIG. 11C is a cross-sectional view of the surgical access device of FIG. 11A with an

instrument inserted therethrough;

[0034] FIG. 12A i1s a partial cross-sectional view of one embodiment of a surgical access device

having a low-profile external housing inserted into an incised tissue layer;
[0035] FIG. 12B 1s a perspective view of the surgical access device of FIG. 12A;

[0036] FIG. 13A 1s a cross-sectional view of one embodiment of a flat-port surgical access

device;

[0037] FIG. 13B is a cross-sectional view of one embodiment of a funnel-port surgical access

device;

[0038] FIG. 14A 1s a perspective view of one embodiment of an obround-port surgical access

device;

[0039] FIG. 14B is a cross-sectional view of the surgical access device of FIG. 14A;

[0040] FIG. 14C is a cross-sectional view of another embodiment of a surgical access device;
[0041] FIG. 14D 1s a cross-sectional view of another embodiment of a surgical access device;

[0042] FIG. 15A 1s a partial cross-sectional view of one embodiment of a surgical access device

with a tapered threaded cannula inserted through a tissue layer;

10043] FIG. 15B is a partial cross-sectional view of one embodiment of a surgical access device

with a cylindrical threaded cannula inserted through a tissue layer;

10044] FIG. 15C 1s a partial cross-sectional view of one embodiment of a surgical access device

with a cylindrical smooth cannula inserted through a tissue layer; and
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[0045] FIG. 15D is a partial cross-sectional view of one embodiment of a surgical access device
with a funnel-shaped threaded cannula having been implanted and angulated within a tissue

layer.

DETAILED DESCRIPTION OF THE INVENTION

[0046] Certain exemplary embodiments will now be descnibed to provide an overall
understanding of the principles of the structure, function, manufacture, and use of the devices
and methods disclosed herein. One or more examples of these embodiments are illustrated in the
accompanying drawings. Those skilled in the art will understand that the devices and methods
specifically described herein and illustrated in the accompanying drawings are non-limiting
exemplary embodiments and that the scope of the present invention is defined solely by the
claims. The features 1llustrated or described in connection with one exemplary embodiment may
be combined with the features of other embodiments. Such modifications and variations are

intended to be included within the scope of the present invention.

[0047] A person skilled in the art will appreciate that, while methods and devices are described
herein 1n connection with minimally invasive laparoscopic procedures in the abdominal cavity,
the methods and devices can be used in almost any part of a human or animal body and in
various other types of surgical procedures. By way of non-limiting example, the devices and
methods disclosed herein can be used in the thoracic cavity, pelvic cavity, cranial cavity and/or
any of the body’s natural orifices and can be used in endoscopic procedures and/or in open

surgical procedures.

10048] In general, devices and methods are provided for accessing a body cavity while providing
optimal device length, improved tissue retraction, improved retention and stability of the device
In tissue, and improved seal integrity. In one embodiment, a seal housing with one or more
working channels defined therein is provided with an implantable rigid or semi-rigid cannula at
its distal end. A flexible and elastic sleeve extends distally from the cannula and terminates in an
annular ring at the sleeve’s distal circumference. The annular ring can be deformable, allowing
it to be inserted into a small opening or incision in a patient’s abdominal wall and resilient,
allowing 1t to return back to its undeformed state, or a state approaching its undeformed state,

once 1nside the abdominal wall and distal to the peritoneum. The annular ring can be sized such

-
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that its diameter in an undeformed state is greater than the diameter of the tissue opening and the
sleeve can be sized to have a length that approximates the thickness of the abdominal wall.
When so sized, the strain and/or tension applied to the elastic sleeve by the resilient ring causes
the sleeve to be stretched against the inner wall of the tissue opening, thereby significantly
improving the retention and stability of the access device. The force exerted by the stretched
sleeve against the surrounding tissue can obviate the need for traditional stability devices such as
suturing or other tie-down features on the external portion of the housing. In addition, the
stretching and contraction of the sleeve and annular ring accommodates a broad spectrum of
abdominal wall thicknesses and leaves no excess cannula length extending into the abdominal
cavity, and can thereby optimize device length for almost any application. The strain of the
sleeve against the adjacent tissue also provides improved retraction, opening the distal portion of
the incision to a greater volume and giving the surgeon more room to manipulate instruments
and, in particular, a greater ability to angulate instruments with respect to the abdominal wall.
Thas strain also provides improved seal integrity between the exterior of the cannula and/or
sleeve and the surrounding tissue by maintaining tight contact even when the access device is

angulated or flexed significantly with respect to the patient.

[0049] FIGS. 1 and 2 illustrate one exemplary embodiment of a surgical access device 2. As
shown, the surgical access device 2 1s generally in the form of a housing having an external
proximal portion 4 (also referred to herein as a proximal housing) that can house one or more
sealing elements, an intermediate cannula 6 extending distally from the proximal housing 4 and
configured to be implanted in tissue, and a distal retractor 8 extending distally from the cannula.
The surgical access device 2 defines a working channel 10 extending completely therethrough
for introducing various instruments into a body cavity. While the illustrated embodiment
includes only one working channel, the surgical access device can also be a multi-port device

having a plurality of working channels.

[0050] A number of configurations are available for the proximal housing 4. In the embodiment
1llustrated in FIGS. 1 and 2, the proximal housing 4 has a generally cylindrical shape. An
opening 12 can be formed in the proximal end of the housing 4 such that the opening 12 is
coaxial with the working channel 10 extending through the housing 4, the cannula 6, and the

retractor 8. The housing 4 can also include other features, such as a luer connector 14 and a
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stop-cock valve 16 for allowing and preventing the passage of an insufflation fluid, e.g. carbon
dioxide, through the surgical access device 2 and into a body cavity. The cannula 6 can also
have various configurations, and can include various features known in the art. In the illustrated
embodiment, the cannula 6 has a generally elongate cylindrical shape. One skilled in the art will
appreciate that the housing 4 and the cannula 6 can be formed as a unitary structure or as two
separate components that are mated to one another. Where the housing 4 and cannula 6 are a
unitary structure, the cannula 6 can be considered as a distal portion of the housing 4 or the
housing 4 can be considered a proximal portion of the cannula 6. The cannula and/or housing
can be formed from a vaniety of materials known in the art, including but not limited to various
polymers, including polycarbonates and polyetheretherketone (PEEK), metals such as titanium
or stainless steel, composites such as carbon-fiber reinforced PEEK, various ceramic materials,
and/or any combination thereof. The cannula and/or housing can also be formed of various
semi-ngid/flexible materials, including polyurethanes such as Pellethane (available from The
Dow Chemical Company of Midland, MI, USA), thermoplastic elastomers such as Santoprene
(available from ExxonMobil Chemical of Houston, TX, USA), polyisoprene elastomers, medium
to high durometer silicone elastomers, and/or any combination thereof. In one embodiment, the
proximal housing can have a length of about 15-20mm. The cannula can have a diameter of
about 5-12mm and a length that varies depending upon the requirements of a surgical procedure
and the s1ze of the patient. In one embodiment the length of the cannula is in the range of about

15-20mm (for abdominal walls less than 4cm) and a length of about 20-30mm (for abdominal

walls 4-7cmm).

[0051] Typically, during surgical procedures in a body cavity such as the abdomen, insufflation
1s provided through the surgical access device 2 to expand the body cavity to facilitate the
surgical procedure. In order to maintain insufflation within the body cavity, the housing 4 and or
cannula 6 can include at least one seal disposed therein to prevent fluid from escaping. Various
seal configurations are known in the art, but typically the surgical access device includes an
instrument seal that forms a seal around an instrument inserted therethrough, but otherwise does
not form a seal when no instrument is inserted therethrough, a trocar seal or zero-closure seal
that seals the working channel when no instrument is inserted therethrough, or a combination
instrument seal and trocar seal that is effective to both form a seal around an instrument inserted

therethrough and to form a seal in the working channel when no instrument is inserted

0.
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therethrough. In the embodiment shown m FIGS. 1 and 2, the surgical access device 2 includes
an instrument seal 18 and a separate trocar or zero-closure seal 20. A person skilled in the art
will appreciate, however, that various other seals known in the art can be used including for

example, flapper valves, gel seals, diaphragm seals, etc.

10052] The instrument seal 18 is shown 1n more detail in FIG. 3. As shown, the instrument seal
18 1s generally 1n the form of a multi-layer protective member 24 disposed on a proximal surface
26 of a multi-layer conical seal 22. The multi-layer conical seal 22 can include a series of
overlapping seal segments 28 that are assembled in a woven arrangement to provide a complete
seal body. The seal segments 28 can be stacked on top of one another or woven together in an
overlapping fashion to form the multi-layer seal 22 having a central opening 30 therein. The seal
segments 28 can be made from any number of materials known to those skilled in the art, but in
an exemplary embodiment the seal segments 28 are formed from an elastomeric material. The
seal segments 28 can also be molded such that they have a varying thickness across the profile of
the seal 22. Varying the thickness across the profile of the seal 22 can be effective to minimize
leakage and reduce drag forces on instruments passed therethrough. The multi-layer protective
member 24 can similarly be formed from a series of overlapping segments 32 that are disposed
proximal to the overlapping seal segments 28 and that are configured to protect the seal segments
28 from damage caused by surgical instruments inserted through the opening 30 in the seal 22.
The protective member 24 can also be formed from various materials, but in certain exemplary
embodiments the protective member 24 is formed from a molded thermoplastic elastomer. The
segments 28, 32 that form the seal 22 and the protective member 24 can be held together using
various techniques known in the art. As shown in FIG. 3, the segments 28, 32 are held together
by several ring members that mate to engage the segments 28, 32 therebetween. In particular,
the protective member 24 is engaged between a crown 34 and a gasket ring 36, and the seal 22 is
engaged between the gasket ring 36 and a retainer ring 38. Pins 40 are used to mate the ring

members 34, 36, 38 and to extend through and engage the segments of the seal 22 and the

protective member 24.

[0053] When fully assembled, the instrument seal 18 can be disposed at various locations within
the surgical access device 2. In the embodiment illustrated in FIG. 2, the instrument seal 18 is

disposed in the proximal housing 4 of the surgical access device 2 at a location just distal of the

-10-
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proximal opening 12 and proximal of a trocar seal 20. Alternatively, or in addition, one or more
seals can be positioned in the cannula 6. In use, an instrument can be inserted into the center of
the seal assembly and the seal segments 28, 32 can engage and form a seal around an outer
surface of the instrument to thereby prevent the passage of fluids through the seal 18. When no
instrument is inserted therethrough, the opening will not form a seal in the working channel 10,
however other configurations in which a seal is formed when no instrument is inserted
therethrough are also conceivable. Exemplary instrument seal configurations are described in
more detail in U.S. Publication No. 2004/0230161 entitled “Trocar Seal Assembly,” filed on
March 31, 2004, and U.S. Application Serial No. 10/687,502 entitled “Conical Trocar Seal,”

filed on October 15, 2003, which are hereby incorporated by reference in their entireties.

10054] The trocar or zero-closure seal 20 in the illustrated embodiment is shown in more detail
in FIG. 4, and as shown the illustrated zero-closure seal is in the form of a duckbill seal 42. The
seal 42 1s configured to form a seal in the working channel 10 when no instrument is inserted
therethrough to thus prevent the leakage of insufflation gases delivered through the surgical
access device 2 to the body cavity. As shown, the duckbill seal 42 has a generally circular flange
44 with a sidewall 46 extending distally therefrom. The shape of the sidewall 46 can vary, but in
the 1ltustrated embodiment, the sidewall 46 includes opposed flaps 48 that extend at an angle
toward one another in a distal direction and that come together at a distal end to form a seal face
50. The opposed flaps 48 are movable relative to one another to allow the seal face 50 to move
between a closed position, in which no instrument is inserted therethrough and the seal face 50
seals the working channel 10 of the surgical access device 2, and an open position in which an
instrument is inserted therethrough. The seal can include various other features, as described in
more detail in U.S. Application No. 11/771,263, entitled “Duckbill Seal with Fluid Drainage
Feature,” filed on June 29, 2007, which is hereby incorporated by reference in its entirety. A

variety of other duckbill-type seals are known to those skilled in the art.

[0055] In accordance with the present disclosure the general structure of the seals as well as the

proximal housing do not generally form part of the present invention. As such, a person skilled
in the art will certainly appreciate that various seal configurations, as well as various housings or

other surgical access devices, can be used without departing from the spirit of the invention

disclosed herein.

-11-
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[0056] In use, as shown for example in FIG. 5, the intermediate cannula 6 and the distal retractor
8 can be inserted partially through an incision or opening 52 in a tissue layer 54 to position a
distal-most end of the retractor 8 within a body cavity 56. The proximal housing 4 can remain
external to the body cavity, and various instruments can be inserted through the working channel

10 and into the body cavity 56.

{0057] In the embodiment illustrated in FIG. 5, the distal retractor 8 1s generally in the form of
an elongate, flexible, and/or elastic sleeve 58 with an annular ring 60 at its distal circumference.
The annular nng 60 itself can be formed of a flexible and/or resilient material or the ring 60 can
include a flexible and/or resilient member disposed therein. In the illustrated embodiment, the
annular rning 60 includes a resilient and flexible member 62 in the form of a wire disposed
therein. The wire can be formed from a superelastic material such as a shape memory alloy (e.g.,
Nitinol) or any other material known in the art having suitable flexibility and/or resiliency. One
having ordinary skill in the art will appreciate that a variety of techniques can be employed for
mating the resilient member 62 to the distal circumference of the sleeve 58. For example, the
sleeve can be inserted within the wire, molded around the wire, or bonded thereto with an

adhesive.

|0058] The elongate sleeve 58 can have a variety of shapes and sizes. In one embodiment, the
sleeve 1s of a generally tubular shape that flares into a frustoconical shape at its distal portion.
The elongate sleeve 58 can have a diameter at its proximal end in a resting state that is slightly
smaller than the diameter of the distal end of the intermediate cannula 6. This allows the sleeve
58 to be stretched over the cannula 6 during manufacturing or assembly of the device and for the
sleeve’s elastic properties to subsequently assist in retaining the sleeve 58 in position over the
cannula 6. In contrast, the elongate sleeve 58 preferably has a diameter at its distal end that is
larger than the diameter of both the distal end of the cannula 6 and the proximal portion of the
sleeve 58. In an exemplary embodiment, the sleeve can have a diameter at its proximal end of
about 5-12mm. The outside diameter of the distal end of the sleeve can be proportionate to the
Incision or puncture made in the tissue layer. For example, in one embodiment where a Smm
incision is to be used, the device 2 can include a sleeve S8 with an outside diameter at its distal

end of about 15mm and a cannula 6 with an outside diameter of about Smm. In another

exemplary embodiment, where a 10-12mm incision is to be used, the device 2 can include a

-12-
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cannula 6 having a 10-12mm outside diameter and a sleeve 58 having an outside diameter at its
distal end of about 25mm. The sleeve length can vary depending upon the requirements of a
surgical procedure and the size of the patient vary. In one embodiment the length can be about
20-30mm for abdominal walls less than 4cm and about 40-60cm for abdominal walls 4-7cm.
The elongate sleeve 58 can be formed from a variety of materials. For example, the sleeve 58

can be formed of silicone, polyisoprene, other elastomers or rubbers, or a combination thereof.

[0059] In another embodiment, the sleeve can be formed initially such that it has a constant-
diameter cylindrical shape. The sleeve can then be mechanically strained to the diameter of the
annular ring, which has a diameter greater than that of the initially cylindrical sleeve. The strain
between the relaxed diameter of the sleeve and the strained diameter caused by the annular ring
can give the sleeve a funnel-like shape and can apply an outward radial force on the incision
through which the device is inserted, thereby providing improved retraction. In one
embodiment, the magnitude of the strain (the change in diameter from the relaxed state to the
strained state) can be about 100%. For example, the sleeve can be strained from a relaxed
diameter of about 15mm to a strained diameter of about 30mm. The retraction provided by the
device can be optimized by varying the magnitude of the strain and the modulus of the sleeve
material. In an exemplary embodiment, the strain magnitude can be about 70% to about 120%.
In another embodiment, the strain magnitude can be about 5% to about 500% and in a still
further embodiment the strain magnitude can be 1% or more. The upper limit on the amount of
strain that 1s possible depends on the modulus of the sleeve material and the modulus of the
annular ring. As will be discussed further below, this outward force of the sleeve pressing
against the imnner walls of the incision and pulling the annular ring upward against the inner

abdominal wall can advantageously provide a tight seal between the device and the surrounding

tissue.

[0060] The retractor 8 can be mated to the cannula 6 in a variety of ways. In one embodiment,
as shown in FIG. 5 and discussed above, the elongate sleeve 58 of the retractor 8 can simply be
stretched over the distal end of the cannula 6 and remain mated thereto by the elastic properties
of the sleeve 58 and the frictional forces associated therewith. In another embodiment, as shown
in FIG. 6, the distal end of the cannula 6' can be tapered from its proximal end to its distal end

such that its outer and/or inner diameters gradually decrease as the distal end of the cannula is
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approached. The taper can be at a constant slope (as 1llustrated) or can occur in intermittent
steps. The tapered outer surface of the cannula 6' can facilitate stretching of the sleeve 58
thereover during manufacturing or assembly of the device. In another embodiment, the cannula
can include one or more surface features formed on an exterior thereof configured to engage the
sleeve. As shown in FIG. 7A, a helical thread 64 can be formed on the exterior of the cannula 6"
to provide further engagement with the sleeve 58. Alternatively, or in addition, one or more
raised ridges 66 can be formed on the exterior of the cannula 6™ as shown in FIG. 7B. In the
illustrated embodiment, the sleeve 58 has elastic properties that cause it to conform closely with

the exterior surface of the cannula 6™, stretching into the channels 68 between adjacent raised
ridges 66.

[0061] One or more collars can also be used to assist in mating the sleeve 58 to the cannula 6.
FIG. 8A depicts one exemplary collar in the form of an elastic o-ring 70. The elastic o-ring 70
can be sized such that it is configured to be disposed around the sleeve 58 and the cannula 6 and
to apply elastic pressure thereto. The elastic pressure exerted by the o-ring 70 buttresses the
elasticity of the sleeve 58 itself, thereby forming a stronger mating between the sleeve 58 and the

cannula 6.

10062] FIG. 8B depicts one embodiment of a collar that comprises two matable halves 72, 74.
The first collar half 72 can include tabs 76a on each of its ends that are configured to mate with
corresponding tabs 76b on each end of the second collar half 74. The tabs can be mated using
any of a variety of methods known in the art, such as snap-fitting, sonic welding, gluing,
riveting, and so forth. FIG. 8C depicts a similar embodiment in which a plurality of screws 78
are used to mate the first and second collar halves 72', 74'. As shown, the screws can have flat
heads to facilitate countersinking within the collar halves so that no portion of the screw
protrudes beyond the outer diameter of the collar, which could interfere with or irritate a tissue
layer in which the device is inserted. The screws can have a length that is about equal to the
thickness of the collar, or can optionally have a greater length such that the screw pierces the
sleeve and engages the underlying cannula. In certain embodiments, the matable collar halves
72, 74 are configured to be separated and reattached easily to permit on-the-fly swapping of the
components of the surgical access device. For example, if a first retractor becomes damaged,

soiled, or is of inappropriate size, a surgeon can remove any collars mating it to the cannula,
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replace the first retractor with a second retractor, and reattach the collar(s). While the illustrated
embodiment includes two matable halves, the collar can alternatively be formed of a single
deformable piece that snaps together at a single joint, or from any number of separate collar

components, for example three-, four-, or five-piece collars.

[0063] FIG. 8D illustrates a cross-sectional view of the surgical access device of FIG. 2 with the
addition of a collar 80. As shown, the collar 80 can be disposed around both the cannula 6 and
the sleeve 58 of the retractor 8 to assist in mating the two structures. Similarly, FIG. 8E
illustrates a cross-sectional view of the surgical access device of FIG. 7B with the addition of
multiple collars 80. In the illustrated embodiment, the collars 80 are positioned over the
channels 68 between the adjacent raised ridges 66 formed on the exterior of the cannula 6. The
collars 80 can be seen to pinch the sleeve 58 down into the channels 68, thereby supplying

additional engagement strength between the retractor 8 and the cannula 6.

[0064] In use, the surgical access device can be utilized in various methods for providing access
through tissue to a body cavity. In one embodiment, as shown in FIGS. 9A-9C, an incision 52
can be made in a tissue layer 54 to access a body cavity 56. A surgical access device 2 can be
provided having a housing 4 with an external portion 57 and an elongate implantable portion 59
(also referred to herein as a cannula 59 or a cannula portion 59). The cannula portion 59 is
mated to a flexible and/or resilient retractor 8 with a distal end having a diameter in its
undeformed state that is larger than the diameter of the incision 52. The retractor 8 can then be
deformed, as shown in FIG. 9A, such that the distal end of the retractor 8 has a diameter
substantially the same as or less than that of the incision 52. The retractor 8 can be deformed in
a variety ot ways, for example by manually folding or squeezing the distal end thereof (i.e., by
hand or using an mnstrument). Alternatively, or in addition, a temporary adhesive can be applied
to an interior or exterior surface of the retractor 8 to maintain the retractor 8 in a folded position
during insertion into the incision 52. Once the surgical access device 2 is inserted in the incision
52, passage of a surgical instrument therethrough can separate the adhered portions of the
retractor 8, thereby permitting it to flare outwards towards its undeformed state. In another
embodiment, the surgical access device 2 can be initially provided with an obturator positioned
within the working channel 10. The distal end of the retractor 8 can be temporarily attached or

coupled to the obturator using any of a variety of fastening means known in the art such that the
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retractor 8 is retained in a deformed state. Once the surgical access device 2 is inserted in the
incision 52, the obturator can be withdrawn proximally, releasing the retractor 8 and allowing it
to flare outwards towards its undeformed state. One having ordinary skill in the art will
appreciate that a variety of other techniques for deforming the retractor 8 during insertion into
the incision 52 are possible, for example by using a draw string, one or more magnets or

electromagnets, and so on.

10065] FIG. 9B shows the surgical access device 2 partially inserted into the incision 52, with
the retractor 8 still in a deformed state. FIG. 9C shows the surgical access device 2 of FIG. 9B
advanced further distally into the incision 52, such that the distal end of the retractor 8 extends
beyond the distal surface of the tissue layer 54. Once so positioned, the retractor 8 can be
allowed to return to its undeformed state or to approach its undeformed state. As shown, being
no longer restrained by the confines of the incision 52 (or by any of the optional deformation
techmques described above), the resilient annular ring 60 can be free to expand to or otherwise
passively return to or approach its undeformed state, thereby causing the elongate sleeve 58 of

the flexible retractor 8 to assume its flared or funnel-like shape.

[0066] The force applied to the elongate sleeve 58 by the resiliency of the annular ring 60 can
pull the sleeve laterally against the sidewalls of the incision 52 to form a seal region 82. The seal
region 82 can provide a substantially fluid-tight seal between the surgical access device 2 and the
incision 52. Because of the flexible and/or resilient nature of the elongate sleeve 58 and/or the
annular ring 60, this seal can be substantially maintained even during extreme flexion or
angulation of the surgical access device 2 with respect to the tissue layer 54. The seal region 82
can thus permit a broader range of surgical maneuvers without compromising insufflation

pressure within the body cavity 56.

[0067] The seal region 82 can exist at a variety of locations along the length of the cannula
portion 59 and/or the retractor 8. In one embodiment, the seal region 82 is located at the distal-
most end of the cannula 59 and the immediate vicinity thereof, where the surgical access device

2 etfectively transitions from the semi-rigid cannula 59 and housing 4 to the flexible retractor 8.
The seal region 82 can also include the entire region where the elongate sleeve 58 overlaps the

cannula 59, which in an exemplary embodiment can be about 3mm to about 15mm in length.
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The seal region can also be approximately equal to the thickness of the tissue layer 54, which can
be about 12mm to about 100mm or more in abdominal procedures. In such embodiments, the
seal region can extend along both the region where the sleeve 58 overlaps the cannula 59 and the
region distal thereto where the sleeve 58 extends beyond the cannula 59. In one embodiment, the
seal region can have a length in the range of about 1 to about 200mm. In another embodiment,
the seal region length can be in the range of about 10 to about 100mm and 1n a still further
embodiment the seal region can have a length in the range of about 3 to about 15mm. In an
exemplary embodiment, the surgical access device 2 1s sized such that the cannula-retractor
transition point and/or seal region 82 is positioned within the tissue layer 54, and in one
embodiment, positioned approximately midway through the tissue layer 54 when the access
device 2 is fully inserted. For example, the distal-most end of the cannula 59 can be positioned

approximately halfway between the exterior and interior surfaces of the tissue layer 54.

[0068] As also shown 1n FIG. 9C, once the retractor 8 is deployed within a body cavity 56, its
flexibility/resiliency can permit the annular ring 60 to abut and be 1n direct contact with the
interior surface of the tissue layer 54. As also shown, the distal end of the housing 4 can at the
same time abut and be in direct contact with the external surface of the tissue layer 54. As can
be seen by comparing the incision prior to deployment of the retractor 8 (as shown n FIG. 9B) to
the incision post-deployment (as shown in FIG. 9C), the retractor 8 serves to retract the distal
portion of the tissue layer further than would existing straight cannulas known in the art.
Furthermore, the positioning of the resilient annular ring 60 beneath the tissue layer 54 and in

contact therewith can stabilize and improve retention of the access device 2 within the opening
52.

[0069] FIG. 10 1llustrates a surgical access device 2 positioned at an angle with respect to a
tissue layer 54 having an incision 52 formed therein. As shown, the seal region 82 can act to
maintain a substantially fluid-tight seal between the surgical access device 2 and the sidewalls of

the incision 52, despite the angulation of the device.

[0070] The surgical access device 2 can be removed from the opening 52 in a variety of ways.
In one exemplary method, the surgeon can simply pull the housing proximally from the opening

52, causing the retractor 8 to stretch and deform until it ultimately 1s capable of passing through
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the opening 52. In another embodiment, the surgeon can use surgical instruments such as
graspers, clips, sutures, etc. to deform the retractor to, and/or hold the retractor in a smaller

profile prior to withdrawing the access device 2 proximally from the opening 52.

[0071] FIG. 11A depicts another embodiment of a surgical access device 102. As shown, the
surgical access device 102 is generally in the form of a housing having an external funnel-shaped
proximal portion 104 (also referred to herein as an external housing), an intermediate flexible
retractor 108, and one or more flexible cannulas 109 extending distally from the external housing
104 and through the intermediate retractor 108. Each flexible cannula 109 defines a working
channel 110 that is in communication with a funnel-shaped working channel defined by the

external housing 104 for introducing varnous instruments into a body cavity.

[0072] The flexible cannulas 109 are generally in the form of elongate tubular sleeves that
extend distally from a plate 111 (shown in FIG. 11C) at the distal end of the external housing
104. The plate 111 can be semi-rigid or it can be flexible. The flexible cannulas 109 can be
provided initially as being bonded together to facilitate insertion through an opening in a tissue
layer. Upon insertion, a frangible portion and/or a temporary adhesive bond can be broken to
allow the cannulas 109 to “peel away’” from one another into separate, independently moveable

structures.

[0073] The intermediate flexible retractor 108 can alleviate forces at the incision joint when
substantial angulation and/or flexion of the surgical access device 102 is needed. As shown for
example in FIG. 11B, the external housing 104 can be angulated significantly with respect to a
tissue layer 154 without any appreciable simultaneous angulation of the intermediate retractor
108. Since a substantial portion of the retractor 108 can remain at an angle roughly transverse to

the tissue layer 154, the forces applied to the tissue layer during angulation of the external

housing 104 are reduced.

[0074] Utilizing both a flexible intermediate retractor 108 and one or more flexible cannulas 109
allows passage of surgical instruments through the access device 102 at extreme angles while
minimizing forces exerted on the tissue opening 152 in which the access device 102 is inserted.
In FIG. 11C, a laparoscopic grasping tool 113 is shown inserted through a surgical access device

102 at a significant angle with respect to a tissue layer 154. As shown, the external housing 104
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and cannula 109 are similarly angulated, while the retractor 108 remains in a substantially

upright position, transverse to the tissue layer 154.

[0075] FIGS. 12A and 12B 1llustrate one embodiment of a low-profile surgical access device
202. The device 202 can comprise a low-profile external housing 204 coupled to an intermediate
protective retractor 208 and one or more distal “peel-away” cannulas 209. Each cannula 209
defines a working channel 210 that is in communication with one or more working channels
defined by the retractor 208 and/or the external housing 204. The low-profile external housing
204 can include an insufflation port 214 for communicating an insufflation fluid to or from a
body cavity via the access device 202. The external housing 204 can also include one or more
seals 218 configured to provide a fluid tight seal within the working channel(s) 210 defined by
the cannula(s) 209 or the working channel(s) defined by the retractor 208 and/or the external
housing 204. Like in the various embodiments described above, the retractor 208 can be flexible
and/or resilient and can include a flexible and/or resilient annular ring 260 at its distal

circumference.

[0076] As indicated by the dashed lines in FIGS. 12A and 12B, the distal cannulas 209 are
flexible and can be initially provided in a joined-together configuration to facilitate insertion of
the access device 202 into an incision or opening in tissue. Once the access device 202 is fully
inserted, or at any other time desired by a surgeon or surgical assistant, the distal cannulas 209
can be peeled away from one another, for example by passing one or more instruments

therethrough and then spreading the instruments to separate the cannulas 209.

[0077] FIG. 13A 1llustrates a flat-port access device 302 modified to include a flexible and/or
restlient retractor 308 at 1ts distal end with a flexible and/or resilient annular ring 360 at the distal
circumference of the retractor 308. A length of the retractor 308 overlaps the distal end of the
access device 302 and one or more retention rings 304 can be formed on an exterior surface of
the device 302 to assist in retaining the retractor 308. In the illustrated embodiment, the elongate
sleeve portion 358 of the retractor 308 extends to a point just distal to the proximal lip 306 of the
device 302. As shown, the device 302 can be provided without any tie-down features at the its

proximal lip 306, since the retractor 308 can provide adequate retention of the device 302 within

a tissue opening.
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[0078] FIG. 13B illustrates one embodiment of a funnel-port access device 402 modified to
include a retractor 408 and annular ring 460 similar to that described above with respect to the
flat-port access device of FIG. 13A. As shown, the elongate sleeve portion 458 of the retractor

408 can extend over one or more retention rings 404 formed on the exterior surface of the device

402 and over at least a portion of the funnel-shaped proximal end of the device 402.

[0079] FIG. 14A illustrates one embodiment of an obround-port access device 502. The device
502 can include a cannula portion 506 and a housing 504. The housing 504 can have one or
more valves or one or more sealed instrument ports 512 therein and can be in the form of a
removable top that is separable from the cannula portion 506. The cannula portion 506 can have
one or more retention rings 510 formed on an exterior thereof. As shown, the device 502 can be
modified to include a retractor 508 and annular ring 560 as described above. The retention
functionality provided by the retractor 508 and annular ring 560 can obviate the need for
additional tie-down features on the housing 504 or the cannula portion 506. FIGS. 14B-14D
illustrate cross-sectional views of several variations of the device 502 of FIG. 14A. As shown in
FIG. 14B, the retractor 508 can overlap the distal portion of the cannula portion 506 and the
retention rings 510 formed thereon can assist in retaining the retractor 508. As shown in FIG.
14C, the device 502' can include one or more instrument ports S12' having so-called “pac man”™
seals disposed therein. As also shown, the retractor S08' can extend proximally to a location just
distal to a lip 514’ at the proximal end of the cannula portion 506', thereby overlapping a
significant length of the cannula portion 506' and facilitating engagement of the retractor 508' by
a plurality of retention rings 510'. FIG. 14D illustrates an alternative embodiment of an access
device 502" having a cannula portion 506" with a more exaggerated taper. In addition, the
cannula portion 506" has no retention rings formed thereon and instead relies on alternative
means of retaining the retractor 508". Such means can include any of those discussed above (i.e.

frictional engagement or an adhesive) or can include any other suitable means known 1n the art.

[0080] FIGS. 15A-D illustrate additional embodiments of a surgical access device. In FIG. 15A,
an access device 602 is shown having an external housing 604, an implantable semi-rigid
cannula 606, and a distal retractor 608. Like 1n several of the aforementioned embodiments, the
retractor 608 can be flexible and/or resilient and can include a flexible and/or resilient annular

ring 660 at its distal circumference. The access device 602 of FIG. 15A 1s shown inserted
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through a tissue layer 610 and with a laparoscopic grasping tool 612 disposed in a working
channel formed therethrough. As shown, the cannula 606 can include one or more surface
features on all or a portion of its exterior configured to help retain the retractor 608 over the
cannula 606 and to help retain the access device 602 within the tissue layer 610. The cannula
606 can be tapered such that it has a diameter at its proximal end that 1s greater than the diameter

at its distal end.

[0081] FIG. 15B depicts another embodiment of a surgical access device 602' operatively
coupled to an insufflation source via an insufflation tube 614 and having a viewing scope 616
disposed in a working channel formed therethrough. Rather than having a gradual taper as in
some previously described embodiments, the implantable semi-rigid cannula 606’ in the
illustrated embodiment has a generally cylindrical shape that transitions from a larger diameter
upper portion 618 to a smaller diameter lower portion 620 at a tapered shoulder region 622. As
shown, the upper cannula portion 618 and the shoulder region 622 can have one or more surface
features formed thereon and configured to help retain the retractor 608’ over the cannula 606' and
to help retain the access device 602' within the tissue layer 610'. Alternatively, as shown in FIG.
15C a surgical access device 602" can have a cannula 606" with a generally smooth, feature-less

exterior surface.

[0082] FIG. 15D shows another embodiment of a surgical access device 602™. The device 602"
includes a semi-rigid, implantable, funnel-shaped cannula 606" and a distal retractor 608". As
shown, the semi-rigid properties of the cannula 606™ can permit at least some degree of flexion
along a length of the cannula 606"'. The flexible and/or elastic properties of the retractor 608"
allow a seal between the device 602™ and the surrounding tissue layer 610™ to be maintained
despite the flexion of the cannula 606™ and the angulation of a surgical instrument 612" passed

through a working channel thereof.

[0083] The devices disclosed herein can be designed to be disposed of after a single use, or they
can be designed to be used multiple times. In either case, however, the device can be
reconditioned for reuse after at least one use. Reconditioning can include any combination of the
steps of disassembly of the device, followed by cleaning or replacement of particular pieces, and

subsequent reassembly. In particular, the device can be disassembled, and any number of the
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particular pieces or parts of the device can be selectively replaced or removed in any
combination. Upon cleaning and/or replacement of particular parts, the device can be
reassembled for subsequent use either at a reconditioning facility, or by a surgical team
immediately prior to a surgical procedure. Those skilled in the art will appreciate that
reconditioning of a device can utilize a variety of techniques for disassembly,
cleaning/replacement, and reassembly. Use of such techniques, and the resulting reconditioned

device, are all within the scope of the present application.

[0084] Preferably, the invention described herein will be processed before surgery. First, a new
or used instrument is obtained and if necessary cleaned. The instrument can then be sterilized.
In one sterilization technique, the instrument is placed in a closed and sealed container, such as a
plastic or TYVEK bag. The container and instrument are then placed in a field of radiation that
can penetrate the container, such as gamma radiation, x-rays, or high-energy electrons. The
radiation kills bacteria on the instrument and in the container. The sterilized instrument can then
be stored 1n the sterile container. The sealed container keeps the instrument sterile until it is

opened in the medical facility.

[00835] It 1s preferred that device is sterilized. This can be done by any number of ways known

to those skilled 1n the art including beta or gamma radiation, ethylene oxide, steam, and a liquid
bath (e.g., cold soak).

[0086] One skilled 1n the art will appreciate further features and advantages of the invention
based on the above-described embodiments. Accordingly, the invention is not to be limited by
what has been particularly shown and described, except as indicated by the appended claims. All

publications and references cited herein are expressly incorporated herein by reference in their

entirety.

What is claimed is:
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CLAIMS:

1. A surgical access device, comprising:

a housing having a proximal external portion and an elongate implantable distal portion
with at least one working channel extending therebetween, the housing being configured to
receive at least one surgical instrument for passage into the working channel;

a flexible elongate sleeve coaxial with the housing and matable to and extending over a
portion of the implantable distal portion such that the sleeve extends distally from the
implantable distal portion; and

a resilient and flexible annular ring at the distal circumference of the sleeve, wherein the
annular ring has a diameter in its undeformed state that is greater than a diameter of the sleeve

and the implantable distal portion.

2. The device of claim 1, wherein the implantable distal portion has at least one surface

feature on an exterior thereof that is configured to engage the sleeve.

3. The device of claim 2, wherein the at least one surface feature 1s at least one of a thread

and a raised rnidge.

4. The device of claim 1, further comprising at least one collar configured to be disposed

around the sleeve and the implantable distal portion to assist in mating the sleeve to the housing.

5. The device of claim 4, wherein the at least one collar comprises an elastic o-ring.
6. The device of claim 4, wherein the at least one collar comprises two matable halves.
7. The device of claim 1, wherein the housing includes at least one instrument port formed

therein, the at least one instrument port being in communication with the working channel and

having at least one seal element formed therein.
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8. The device of claim 7, wherein the at least one seal element 1s effective to provide a
substantially fluid tight seal with a surgical instrument when the surgical instrument 1s present in
the instrument port.

9. The device of claim 7, wherein the at least one seal element 1s eftective to provide a

substantially fluid tight seal when the surgical instrument is not present in the instrument port.

10.  The device of claim 1, wherein a distal portion of the elongate sleeve is flared such that it

has a diameter greater than a diameter of a proximal portion thereof.

11.  The device of claim 1, wherein the annular ring includes a resilient member disposed

therein.

12. A surgical access device, comprising:

a semi-rigid cannula having at least an implantable portion; and

a flexible and resilient retractor extending distally from the cannula and coupled along a
length of the implantable portion of the cannula at a seal region, the seal region being configured
to form a seal with tissue along a sidewall of an opening in a tissue layer, the retractor including
a distal portion terminating in an annular ring that is configured to expand radially within a body
cavity beneath the tissue layer such that the distal portion of the retractor has a diameter greater

than the cannula and is configured to abut the tissue layer.

13.  The device of claim 12, wherein the seal region is configured to be positioned

approximately midway through the tissue layer.

14,  The device of claim 12, wherein the implantable portion has at least one surface feature

on an exterior thereof that is configured to engage the retractor.

15. The device of claim 14, wherein the at least one surface feature is at least one of a thread

and a raised ndge.
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16.  The device of claim 12, further comprising at least one collar configured to be disposed

around the retractor and the implantable portion to assist in mating the retractor to the cannuia.

17.  The device of claim 12, wherein the cannula includes at least one instrument port formed

therein, the at least one instrument port having at least one seal element formed therein.

18.  The device of claim 17, wherein the at least one seal element 1s effective to provide a
substantially fluid tight seal with a surgical instrument when the surgical instrument 1is present 1n

the mstrument port.

19.  The device of claim 17, wherein the at least one seal element 1s effective to provide a

substantially fluid tight seal when the surgical instrument is not present in the instrument port.

20.  The device of claim 12, wherein a distal portion of the retractor is flared such that it has a

diameter greater than a diameter of a proximal portion thereof.

21.  The device of claim 12, wherein the annular ring includes a resilient member disposed

thereln.

22. A method for providing access through tissue to a body cavity, comprising:

providing a housing having an external portion, an elongate implantable portion, and a
flexible and resilient retractor extending over a length of the implantable portion at a seal region,
the housing, implantable portion and retractor defining a working channel that terminates in a
resilient annular ring at a distal portion of the flexible retractor, the annular ring having a
diameter in an undeformed state that is greater than the diameter of the implantable portion;

implanting the housing by deforming the retractor such that it is able to pass through an
opening in a tissue layer;

positioning the housing such that the implantable portion extends at least partially into

the opening in the tissue layer creating a seal between a tissue wall defining the opening and the
seal region; and

allowing the annular ring to return to the undeformed state distal to the tissue layer.

_25.



CA 02699148 2010-04-17

23.  The method of claim 22, wherein the annular ring abuts a portion of the tissue layer.

24.  The method of claim 23, wherein the external portion of the housing abuts an exterior

surface of the tissue layer.
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