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TROCAR SURGICAL SEAL

Cross-reference to Related Applications

[001] This application claims the benefit of US Provisional Application No.
61/790,258, filed March 15, 2013, the entire disclosure of which is hereby incorporated

by reference as if set forth in full herein.

Background

[002] This application relates generally to surgical access systems and more
specifically to trocars and other such surgical access devices and specifically to
laparoscopic surgical access devices for use in minimally invasive surgical procedures
and laparoscopic procedures that result in crowded surgical operating fields.

[003] Surgical access devices are commonly used to facilitate the introduction of
surgical instruments through body conduits and into body cavities. A trocar is such a
surgical access device and is used in laparoscopic procedures to provide access through
the abdominal wall and into the abdominal cavity. In laparoscopic surgeries, the
abdominal cavity is commonly inflated or insufflated in order to increase the volume of
the working environment. Under these circumstances, one or more valves or seals are
provided in a seal housing of the trocar to inhibit the escape of the insufflation gas. The
valves form an instrument seal in the presence of an instrument, and a zero seal in the
absence of an instrument.

[004] Trocar systems have been of particular advantage in facilitating minimally
invasive surgery across a body wall and within a body cavity. This is particularly true in
abdominal surgery where trocars provide working channels across the abdominal wall to
facilitate the use of instruments within the abdominal cavity. Trocar systems may include
a cannula, which provides the working channel, and an obturator that is used to place the
cannula across a body wall, such as the abdominal wall. The obturator is inserted into the
working channel of the cannula and pushed through the body wall with a penetration
force of sufficient magnitude to result in penetration of the body wall. Once the cannula

has traversed the body wall, the obturator can be removed.
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[005] With the cannula in place in the body wall, various instruments, only one at a
time, may be inserted through the cannula into the body cavity. One or more cannulas
may be used during a procedure. During the procedure, the surgeon manipulates the
instruments in different cannulas, sometimes using more than one instrument at a time.
Additionally, during laparoscopic procedures, a trocar can be inserted through a body
wall and into body cavity through a small opening, incision or puncture. It has been
found that the cannula or tube of the trocar must be larger than the instrument to be used
within it. It is the goal of laparoscopic surgeons to keep the incision as small as possible.
However, the outer diameter of the cannula can largely drives the size of the incision.
Efforts are thus made to reduce the wall thickness, the outer diameter, or both of trocar
cannulas and thereby reduce the need for large incisions.

[006] Laparoscopic surgery is also well accepted and has evolved to where surgeons
are performing complex procedures through fewer and fewer access ports or devices. In
some cases complex procedures may be performed through only one access device. It
has become evident that a typical access device such as a trocar may not always be the
most efficient tool in a crowded laparoscopic surgical environment. For example, trocars
may conflict with one another and compete for space in the operative field. In addition,
the bulk of a trocar may not be acceptable as it sometimes restricts movement of surgical
instruments and shortens the operative length of the instrument by the height of the trocar
seal housing. There is also the restriction associated with the tubular construction of the
cannula associated with the trocar. These issues can be of additional concern when a
surgeon seeks to perform a procedure from a single site where instrument length and

mobility can be critical.

Summary

[007] In accordance with various embodiments, a surgical access device providing
instrument access into a patient’s body is provided. The access device comprises a first
support to be positioned externally to a patient’s body, a second support to be positioned
within a patient’s body and a film passageway having a first end connected to the first
support and a second end connected to the second support. The film passageway has a

non-adjustable length and is disposed through an opening in a patient’s body and in direct
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contact with the opening in the patient’s body. The film passageway has a zero or near
zero inner diameter due to compressive forces applied by the patient’s body in direct
contact with the film passageway in absence of an instrument inserted through the film
passageway and provides an instrument seal with an instrument inserted through and in
direct contact with the film passageway. The film passageway is made of material or has
a thickness that prevents the film passageway from retracting the opening in the patient’s
body and resists extension or forces to stretch the material in a longitudinal direction.
[008] Many of the attendant features of the present invention will be more readily
appreciated as the same becomes better understood by reference to the foregoing and
following description and considered in connection with the accompanying drawings in

which like reference symbols designate like parts throughout.

Brief Description of the Drawings

[009] FIG. 1 is a side section view of surgical access devices or trocars used in an
exemplary laparoscopic procedure.
[0010] FIG. 2 is a top view of surgical access devices or trocars used in an exemplary

laparoscopic procedure.
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[0012] FIG. 3 1s a side section view of surgical access devices used in a single-site
laparoscopic surgical procedure.

[0013] FIG. 4 is a top view of surgical access devices used in a single-site
laparoscopic surgical procedure.

[0014] FIG. 5 is an oblique view of a trocar surgical seal or surgical access device
and an access platform in accordance with various embodiments.

[0015] FIG. 6 is a perspective view of a trocar surgical seal and an access platform in
accordance with various embodiments.

[0016] FIG. 7 1s a side section view of a trocar surgical seal and an access platform in
accordance with various embodiments.

[0017] FIG. 8 is a side section view of a trocar surgical seal and an access platform
without instruments in accordance with various embodiments.

[0018] FIG. 9 is an oblique view of a trocar surgical seal in accordance with various
embodiments.

[0019] FIG. 10 is side section view of a trocar surgical seal in accordance with
various embodiments.

[0020] FIG. 11 is side view of a trocar surgical seal in accordance with various
embodiments.

[0021] FIG. 12 is an exploded view of a trocar surgical seal in accordance with
various embodiments.

[0022] FIG. 13 shows a grasper and a trocar surgical seal in accordance with various
embodiments.

[0023] FIG. 14 shows a trocar surgical seal in accordance with various embodiments
being placed.

[0024] FIG. 15 illustrates a placement of a trocar surgical seal in accordance with
various embodiments.

[0025] FIG. 16 is a perspective view of a placement or insertion tool and a trocar
surgical seal in accordance with various embodiments.

[0026] FIG. 17 is a perspective view of a portion of a placement or insertion tool for

use with a trocar surgical seal in accordance with various embodiments.
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[0027] FIG. 18 is a perspective view of a trocar surgical seal in accordance with
various embodiments.

[0028] FIG. 19 is a side section view of a trocar surgical seal and an inserted
instrument within a body wall in accordance with various embodiments.

[0029] FIG. 20 is a side section view of a trocar surgical seal and a larger inserted
instrument within a body wall in accordance with various embodiments.

[0030] FIG. 21 is a perspective section view of a trocar surgical seal in accordance
with various embodiments.

[0031] FIG. 22 is a top view of a trocar surgical seal in accordance with various
embodiments.

[0032] FIGS. 23-27 are top views of a trocar surgical seal with various instruments
inserted there through in accordance with various embodiments.

[0033] FIG. 28 is a side oblique view of a trocar surgical seal or surgical access
device in accordance with various embodiments.

[0034] FIG. 29 is a top oblique view of a trocar surgical seal in accordance with
various embodiments.

[0035] FIG. 30 is a perspective view of a trocar surgical seal or surgical access device
in accordance with various embodiments.

[0036] FIG. 31 is a perspective view of a trocar surgical seal or surgical access device
with a formed end in accordance with various embodiments.

[0037] FIG. 32 is a perspective view of a trocar surgical seal or surgical access device
with a bolster in accordance with various embodiments.

[0038] FIG. 33 is a side section view of a trocar surgical seal or surgical access
device with a bolster in accordance with various embodiments.

[0039] FIG. 34 is a section view of a trocar surgical seal or surgical access device
with a bolster and an invaginated portion in accordance with various embodiments.
[0040] FIG. 35 is a perspective view of trocar surgical seal with a bolster in
accordance with various embodiments.

[0041] FIG. 36 is a section view of a trocar surgical seal with a bolster in accordance

with various embodiments.
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[0042] FIG. 37 is a perspective view of a trocar surgical seal or surgical access device
having a fluid port in accordance with various embodiments.

[0043] FIG. 38 is a perspective section view of a trocar surgical seal having a fluid
port in accordance with various embodiments.

[0044] FIG. 39 is a side section view of a trocar surgical seal having a fluid port in
accordance with various embodiments.

[0045] FIG. 40 is a perspective view of a trocar surgical seal or surgical access device
in accordance with various embodiments.

[0046] FIG. 41 is a perspective view of a trocar sﬁrgical seal or surgical access device
in accordance with various embodiments.

[0047] FIG. 42 i1s a perspective view of a trocar surgical seal or surgical access device
in accordance with various embodiments.

[0048] FIG. 43 is a perspective view of a trocar surgical seal or surgical access device
in accordance with various embodiments.

[0049] FIG. 44 is a perspective view of a trocar surgical seal or surgical access device
in accordance with various embodiments.

[0050] FIG. 45 is a perspective view of a trocar surgical seal or surgical access device
in accordance with various embodiments.

[0051] FIG. 46 is a perspective view of a trocar surgical seal or surgical access device
in accordance with various embodiments.

[0052] FIG. 47 is a perspective view of a trocar surgical seal or surgical access device
in accordance with various embodiments.

[0053] FIG. 48 is a perspective view of a trocar surgical seal or surgical access device
in accordance with various embodiments.

[0054] FIGS. 49-50 illustrate an insertion device and a trocar surgical seal or surgical

access device in accordance with various embodiments.

Detailed Description

[0055] In accordance with various embodiments, a trocar surgical seal or surgical
access device is provided that comprises an elongate body or film passageway to be

placed through a patient’s body or an access platform to thereby provide a working
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channel for surgical instruments to be inserted into the patient’s body for a minimally
invasive surgical procedure. In accordance with various embodiments, the film
passageway is generally tubular and in various embodiments does not maintain a
particular shape. The trocar surgical seal or surgical access device is non-adjustable
and/or is collapsible under pressure or radial or circumferential compressive forces
exerted by the body wall, surrounding tissue or the material of the access platform. The
trocar surgical seal in any configuration or position does not provide resistance or
counteract the forces exerted by the body wall, surrounding tissue or the access platform.
The trocar surgical seal provides a gas-tight instrument seal against an outer surface of an
instrument inserted there through. In various embodiments, the trocar surgical seal also
provide a gas-tight zero seal preventing any gas flow out of the patient in the absence of
an instrument inserted there through.

[0056] The film passageway in various embodiments is between an inner support and
an outer support. The inner support secures the film passageway within the patient’s body
and the outer support is disposed externally and secures the film passageway to the
patient’s body. The trocar surgical seal is cannula-less, without a seal housing (housing-
less) or both and thus among other things eases manufacturing, assembly, packing,
storage and operation of the device. The lack of cannula also reduces potential tissue
trauma and the incision or opening size required or used. The lack of seal housing also
reduces overall surgical space occupied by the device and reduces port crowding.

[0057] Referring now to FIGS. 1 and 2, a laparoscopic arrangement is shown where a
plurality of access devices or trocars 113, 114, 115 is placed through a body wall 110 and
into a body cavity 105 at strategic locations. For most procedures the trocars are placed
strategically to provide optimum visualization, access to target areas and maximize the
cosmetic result. Laparoscopic instrumentation 116, 120 and 121 are also shown and are
not large bore instruments. Many instruments that once required a shaft diameter of
10mm to 12mm are provided with a shaft diameter of Smm or less. Optical and digital
cameras and systems 120 are also provided such as in a 5Smm format.

[0058] Referring to FIGS. 3 and 4, a laparoscopic procedure such as a single-site
laparoscopic surgery is shown where trocars 113, 114 and 115 are arranged very close

together. It can be seen that rigid trocars having a rigid cannula and a large seal-housing
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may present concerns where they are used close to each other. In addition, the length of
the instruments 116, 120 and 121 may be challenging when using specific length trocars
due to for example that the target area 106 may be oblique to the single-site entry 150.
[0059] With reference to FIGS. 5-8, a surgical access system in accordance with
various embodiments of the present invention is provided. In various embodiments, an
access platform 152 is shown having a sealing cap that includes a support ring 155
surrounding a penetrable self-sealing seal 160. In various embodiments, the support ring
155 is disposed within the body wall or externally and in various embodiments a tension-
able and elongate tube or membrane is affixed or removably coupled to the support ring
155. In various embodiments, an inner support ring 165 is coupled to the tube or
membrane 166 and is disposed within the patient. The access platform in one
embodiment allows a surgeon to perform a surgical procedure through a single incision
or opening. A plurality of trocar surgical seals or surgical access devices 200a, 200b,
200c¢ in accordance with various embodiments of the present invention may be placed
through the penetrable seal 160 and thereby provide access into the body cavity 105. The
small diameter and very low profile of the access ports or devices 200a, 200b, 200c allow
inserted instruments to be manipulated freely. Also, the low profile and lack of a seal-
housing and cannula, bulky, rigid or otherwise, allow the instruments to be inserted
further into the body cavity and into hard-to-reach areas.

[0060]  In accordance with various embodiments, the penetrable seal 160 comprises a
gel material, low durometer elastomer, foam, or various combinations thereof and in one
embodiment trocar surgical seals may be inserted there through. In one embodiment, the
penetrable seal or the gel material includes a triblock or diblock copolymer and in one
embodiment also includes oil. In one embodiment, the gel material is coupled to or
molded onto the support ring. In one embodiment, the sealing cap is removably coupled
to a protector or retractor and in various embodiments the support ring includes a cavity,
connector, lever, or any combination thereof, to removably attach the sealing cap to an
outer portion or a ring of the retractor. In one embodiment, the retractor is adjustable and
configured to roll a sheath around the outer ring that is releasably attachable to the

support ring. In one embodiment, the penetrable seal or gel material includes one or
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more instrument seals, zero seals, or combinations thereof and in one embodiment the
surgical access devices may be inserted there through.

[0061] Referring now to FIGS. 9 — 12, a trocar surgical seal or surgical access device
200, e.g., trocar surgical seals 200a, 200b and 200c, in accordance with various
embodiments of the present invention is shown comprising a generally “hour-glass”
shaped elongate body or film passageway 211 having an open proximal end 203, an open
distal end 202 and a narrowed waist 225. The body 211 appears as a double-ended
funnel 210, 240 having the narrow ends connected. The proximal 203 and distal 202
ends of the body 211 in one embodiment are supplied with enlarged, flexible support
rings or first and second supports 220, 230 that may be elongated as required. The
proximal funnel portion 240 in one embodiment may also include or be fitted with a rigid
or semi-rigid matching funnel liner or shield 250. Additionally, in accordance with
various embodiments, the proximal end 203, the distal end 202 or both may include or be
fitted with a zero seal 235 to prevent retro-flow of insufflation gas or fluids. In one
embodiment, the zero seal 235 is a double-duckbilled elastomeric seal sized and
configured to prevent gas from leaking or escaping, e.g., from flowing from the distal end
202 and out the proximal end 203.

[0062] The hour-glass shaped body 211 in one embodiment is constructed from an
elastomeric material such as silicone, polyurethane or various rubbers. The narrow waist
portion 225 is sized and configured to seal around a range of laparoscopic instruments
inserted through the access device. The elastomeric material or material of the film
passageway is configured to provide a seal with minimal surface contact with the inserted
instrument within the working channel 360 of the trocar surgical seal 200. The tissue or
material surrounding the hour-glass seal body 211 exerts a compressive influence 256,
257 upon the seal body 211 to assist in perfecting the instrument seal within the working
channel 360. The compressive influence 256, 257 may provide a zero seal and thus no
zero seal 235 may be required to prevent gas flow when there is no instrument within the
working channel 360 of the access device 200. In accordance with various embodiments,
the body or film passageway is used without the rigid or semi-rigid shield 250 or the zero
seal 235. Therefore, in accordance with various embodiments, the assembly of an

elongate body 211, a rigid or semi-rigid shield 250 and a zero seal 235 can be separable
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for use in any combination. Additionally, in one embodiment, the zero seal can be
removed for specific or operational uses such as removal of tissue or specimens from
within a body cavity. In accordance with various embodiments, the film passageway 211
is made of a material different from the zero seal 235 and the shield 250 and/or, in one
embodiment, the shield is made of a material that is different from the film passageway
211 and the zero seal 235.

[0063] The rigid or semi-rigid shield 250 in accordance with various embodiments
may be constructed of specifically selected material. For instance, polyethylene,
polypropylene or nylon may be selected for use when friction upon an inserted
instrument is to be reduced or minimized. The distal opening 252 in accordance with
various embodiments may be sized and configured to minimize instrument contact with
the elongate body or film passageway material and minimize frictional drag upon an
instrument within the working channel 360. The distal opening 252 is sized and
configured to reduce potential instances where a sharp or pointed instrument could
puncture or tear the elongate body 211. The sized distal opening 252 also serves to move
the elongate body’s orifice or waist portion along with the movement of the inserted
instrument so that the orifice is not elongated when an instrument is moved drastically
off-axis or obliquely within the working channel 360. In accordance with various
embodiments, if the surgeon requires an instrument to be inserted or placed in an
extremely oblique position within the working channel 360, the zero seal 235 and the
shield 250 may be removed from within the elongate body 211 along the shaft of the
inserted instrument and then subsequently replaced if desired after movement of the
instrument is completed.

[0064] FIGS. 13 — 16 in accordance with various embodiments of the present
invention illustrate a method for placing the trocar surgical seal or surgical access device
200, 300, 380 through a body wall 110 and into a body cavity 105 or through an access
platform 152. A laparoscopic grasper 116 may be inserted through the proximal end 203
of the trocar surgical seal 200 and advanced to a point where the jaws 170, 172 of the
grasper 116 may clamp upon the distal support ring 220 of the access device. Tension

may be placed between the distal support ring 220 and the proximal support ring 230

-10 -
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thereby elongating the distal support ring 220. The elongated support ring is
subsequently inserted through an incision or purposeful defect/opening 107.

[0065] In FIG. 16, in accordance with various embodiments, an insertion method is
illustrated and may comprise an obturator or obturator insertion device 370 having a
proximal end 372, a distal end 373 and an elongate body 371. The proximal end 372
comprises a handle (not shown) sized and configured to allow a surgeon to provide a
pushing force to the obturator 370. The elongate body 371 transfers the pushing force to
the distal end 373 of the obturator 370. The distal end 373 of the obturator 370 in
accordance with various embodiments may have a tip 273, be pointed or configured to
provide penetration through tissue or platform material. In one embodiment, the distal
end 373 of the obturator 370 may have, at least, one, first holder 374 that engages the
distal ring 220 of the access device 200. The obturator 370 in accordance with various
embodiments has a second or proximal holder 375 that is sized and configured to engage
the proximal ring 230 of the access device 200 so as to tension the body 211 between the
holder 374, 375 and to reduce the profile of the distal ring 220 for insertion through a
body wall or access platform.

[0066] Referring to FIG. 17, the distal portion 373 of an insertion device 370 is
shown comprising at least one engaging feature or hook 374 that is sized and configured
to retain the distal retention ring 220 or distal end associated with the trocar surgical seal
380 in accordance with various embodiments of the present invention. As illustrated, the
distal retention ring 220 may be stretched to a low insertion profile by tensioning the ring
220 against the hook or distal retainer 374. After insertion, the tension may be relaxed
and the distal ring 220 released from the distal retainer 374. In accordance with various
embodiments, a second, proximal retainer 376 is included on the insertion device 370.
The distal retention ring 220 of the access device 380 may be tensioned between the
distal retainer 374 and the proximal retainer 376 for insertion of the access device
through a body wall. The insertion device in one embodiment comprises a handle and
elongate shaft 371 along with a point or tip 273 to facilitate insertion of the insertion
device through the body wall with no or minimal tissue trauma. In one embodiment, the
tip 273 is configured to separate tissue and in various embodiments is bladeless or lacks

sharp or cutting edges or surfaces. In various embodiments, the tip is transparent or
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configured to provide only visual access there through by, for example, a laparoscope and
in various embodiments, the tip is transparent or configured to provide visual access
therethrough along with insufflation or evacuation access. In various embodiments, the
tip or portions of the shaft includes a vent, aperture or configured to provide only
insufflation or evacuation access. The transparent, bladeless and/or insufflation tip
assists in accordance with various embodiments in which the trocar surgical seal is
inserted into a body cavity that is not insufflated or under pneumoperitoneum pressure.
In one embodiment, the distal retainer 374, the proximal retainer 376 or both can be
disengaged or slid open to release the distal support 220 after insertion through the body
wall or access platform.

[0067] In reference to FIGS. 18-27, a trocar surgical seal or access device 200, 300,
380 is provided and shown in various states, conditions or stages in which an instrument
is absent or inserted into the trocar surgical seal 200. As shown, the trocar surgical seal is
in direct contact with the body wall and an inserted instrument. The trocar surgical seal
has a fixed height and does not retract or provide radial forces against or to counteract the
radial or circumferential forces provided by the body wall, expect as provided by the
instrument being inserted therethrough. As illustrated the trocar surgical seal can
accommodate various sized and shaped instruments and provide an instrument seal.
[0068] With reference to FIGS. 28 and 29, a trocar surgical seal 300 is provided in
accordance with various embodiments of the present invention. The trocar surgical seal
or access device comprises an hour-glass shape constructed from a tubular woven or
braided sleeve 310. The woven or braided sleeve may be thermally set to provide the
hour-glass shape. A flexible distal support ring 330 may be associated with a distal end
305 of the woven or braided sleeve and a rigid or flexible proximal support ring 306 may
be associated with the opposite proximal end 307 of the woven or braided sleeve. The
woven or braided hour-glass sleeve in one embodiment may be coated or impregnated
with an elastomeric material to form a substantially gas-tight access device. In one
embodiment, a rigid or semi-rigid conical shield 350 may be placed within the proximal
hour-glass portion 345 of the woven or braided sleeve to provide protection from pointed
or sharp inserted instruments within the working channel 360 of the access device 300. If

required for complete closure when no instrument is within the working channel 360, a

-12-
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zero seal may be associated with the proximal open end 307, the distal end 305 or both
ends of the braided or woven access device 300.

[0069] With reference to FIG. 30, a trocar surgical seal 380 is provided in accordance
with various embodiments of the present invention. The trocar surgical seal or access
device 380 includes an elongate tube or film passageway 385 with a proximal end 381
and a distal end 382. The distal end 382 in one embodiment may include a flexible
support ring 383 that may be deformed to allow positioning through a body wall or an
access platform. The proximal end 381 of the tube 385 in one embodiment may be fitted
with a rigid or flexible support ring 384 and in accordance with various embodiments will
remain outside a body wall or seal platform. The tube 385 extends between the rings 383
and 384 and may be compressed by the tissue or access platform material through which
the tube extends. In one embodiment, a rigid or semi-rigid conical shield may be placed
within the film passageway 385 to provide protection from pointed or sharp inserted
instruments within the working channel 360 of the access device 300. If required for
complete closure when no instrument is within the working channel 360, a zero seal may
be associated with the proximal end 381, the distal end 382 or both ends of the film
passageway.

[0070] In accordance with various embodiments, the trocar surgical seal includes a
braid, fabric or woven sleeve 310 or a portion thereof integrated into a film passageway
211, 385, both of which are configured to extend through the body wall or access
platform. The braid provides a low-friction, expandable lead-in. The braid serves to
prevent direct contact between the body wall and the inserted instrument which can occur
in the absence of the film when the tissue extrudes through interstitial spaces of the braid.
By preventing direct contact between the body wall or tissue and an inserted instrument,
the frictional forces associated with advancement and withdrawals of an instrument are
reduced. In accordance with various embodiments, the film passageway prevents direct
contact between the body wall and the braid serves to maintain the integrity or protection
of the opening in the body wall during insertion, advancement, and withdrawal of a
surgical instrument.

[0071] In one embodiment, as a surgical instrument is inserted into the trocar surgical

seal or access device, the braid expands to the size, e.g., the width or diameter, of the
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inserted instrument and directs the instrument through the trocar surgical seal. The film
passageway 211, 385 can be formed from relatively distensible or relatively non-
distensible film materials including polyolefin, polyurethane, polyethylene,
polypropylene, nylon, and polyester. As an instrument is inserted into the braid, the braid
expands while the body wall or surrounding body tissue resists expansion. As such, the
body wall or surrounding body tissue forces or applies a compressive radial or
circumferential load or force against the surgical seal to sealingly engage the outside
diameter of an inserted instrument while eliminating direct frictional contact between the
inserted instrument and the tissue.

[0072] In accordance with various embodiments, the film passageway 211, 385 can
be formed of a thin material with a thickness that is in the range of 0.0005” to 0.002”.
The braid in accordance with various embodiments is expandable and can accommodate
a large range of instrumentation sizes which can range from 3.5mm to 16mm in diameter.
The braid and the film passageway of the surgical seal 200, 300, 380 eliminate or reduce
the potential for an instrument to tear or catch the trocar surgical seal if the instrument is
inserted off-center or off-axis with respect to the longitudinal axis of the surgical access
device or the body opening.

[0073] In one embodiment, bifurcated instruments can daniage the trocar surgical
seals especially if they are inserted or removed off-center or off-axis. The braid and film
passageway combinations serve to direct the instrument through the aperture of the
surgical seal. The braid and the film work to expand the aperture of the trocar surgical
~seal in response to the insertion of an instrument. This expansion action of the braid and
the film passageway enables the diameter of the surgical seal aperture to be minimized.
The minimized diameter of the trocar surgical seal’s aperture allows the surgical seal to
sealingly engage a large range of inserted instruments. With other access devices, it can
be challenging to minimize the diameter of an instrument seal’s aperture and also avoid
puncture in response to the insertion of bifurcated instruments such as clip appliers.
[0074] The braid and the film passageway 211, 385 of the trocar surgical seal also
serve to reduce the force required to insert and advance an instrument through the
surgical seal. The coefficient of kinetic friction (f) for the braid/film verses a metal or

polymer instrument shaft is significantly less than that for an elastomeric seal verses a
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metal or polymer instrument shaft. The coefficient of kinetic friction values range from
.15 to .5 for polymers such as polyester verses steel, whereas the coefficient of kinetic
friction values for elastomers versus steel range from 1.6 to 10. The braid in combination
with the film passageway eliminates direct contact between the shaft of an inserted
instrument and the tissue and therefore minimizes the frictional forces required to insert
and advance an instrument through the trocar surgical seal.

[0075] The film passageway 211, 385 in one embodiment is a .0005” polyolefin film.
In one embodiment, the braid is woven from a 0.001" diameter polyester monofilament is
positioned adjacent to or bonded or embedded to the film passageway. The braid in one
embodiment is flared at its proximal end, distal end or both to enable ease of insertion
and withdrawal of instruments. In one embodiment, a ring, such as a polyethylene ring,
is bonded to the distal ends of the braid and/or film passageway to prevent inversion or
migration during instrument withdrawal. In accordance with various embodiments,
instruments include laparoscopic and endoscopic instruments, probes, scopes, trocars,
cannulas and other surgical access devices or instruments.

[0076] The braid in accordance with various embodiments is made from natural or
synthetic monofilament thread materials. For example, the braid may be made from
polyester, Kevlar, carbon fiber, Gore-Tex (expanded PTFE), Nomex, Nylon, fiber glass,
cotton, polypropylene, and ceramic. The braid, film passageway or both in accordance
with various embodiments are made from a hygroscopic or superabsorbent polymer
monofilament material. As such, the braid, film passageway or both can absorb fluids
transferred from inserted or withdrawn instruments to prevent fluids from subsequently
transferring from the access device to an inserted instrument such as a laparoscope to
prevent reduction in visualization through the laparoscope.

[0077] The braid in accordance with various embodiments is permanently coated or
treated to reduce friction between inserted or withdrawn instruments and the braid. For
example, the coating or treatment of the braid include hydrophilic polymer coatings,
Teflon (PTFE) coatings, cyanoacrylate coatings, Parylene coatings, plasma surface
treatments, and chlorination treatments. The braid and film passageway in accordance
with various embodiments are mechanically locked in place by including an additional

ring that would trap the proximal ends of the braid and film passageway between the ring.
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[0078] In accordance with various embodiments of the present invention, the trocar
surgical seal or access devices 200, 300, 380 do not have a predefined shape and
accommodate an elongate surgical instrument inserted therein. The access device may be
generally tubular if held from the proximal or distal end and with gravity acting thereon.
The shape of the access device 200, 300, 380 is defined by compressive forces exerted on
the access device by for example a body wall. The access device extends from or near
the outside of the body cavity and distally towards the inside of the body cavity. The
shape of the access device is also defined by instrument inserted into the working channel
of the access device. As such, in accordance with various embodiments, unlike other
trocars or surgical access devices, the access device 200, 300, 380 is collapsible or does
not exert a radial or expansive force against the body wall or opening in the patient.
Hence, the access device does not force an opening or attempt to maintain a predefined
opening or shape, e.g., a tubular shape of a cannula or retractor. The access device thus
minimizes potential tissue trauma and reduces incision or opening size. Also, in
accordance with various embodiments of the present invention, the access device 200,
300, 380 has open and unobstructed proximal and distal ends. As such, a seal housing is
not present, used or attachable to the proximal or distal end of the access device thereby
minimizing surgical space occupied by the access device and preventing port crowding.
Accordingly, in various embodiments, the trocar surgical seal 200, 300, 380 lacks or is
without a seal housing, a cannula and/or a retractor and is in direct contact with the body
wall or opening in the patient or access platform.

[0079] In accordance with various embodiments of the present invention, the trocar
surgical seal or access devices 200, 300, 380 having a generally tubular, hour-glass or
various other shapes are sized and configured to accommodate an elongate surgical
instrument inserted therein. In various embodiments, the body or film passageway 211,
385 of the access devices has at a first open end. In various embodiments, the first open
end includes a first support and in various embodiments the first support includes a
compliant ring, a proximal or external bolster or collar and a seal sized and configured to
prevent flow of gas in one direction. The body of the access devices in accordance with
various embodiments includes a compliant ring at a second open end. The body or film

passageway 211, 385 of the access device in various embodiments is constructed from a
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very thin, durable, elastomeric material or a very thin non-elastomeric material that is
easily compressed by the tissue of the body wall through which it has been inserted.
Elastomeric materials may include silicone, polyurethane, latex, poly-isoprene and the
like. Non-elastomeric may include material such as polyolefin, polyester, polyethylene or
the like.

[0080] In accordance with various embodiments of the present invention, the trocar
surgical seal or access devices 200, 300, 380 may be introduced through a body wall and
into a body cavity through an incision or opening that is considerably smaller than the
incision required by a typical access device or trocar. For instance, a trocar that
accommodates Smm instruments requires an incision that accommodates a 7mm cannula
or tube. The outer diameter of the cannula or tube is responsible for the larger incision
size. The access device 200, 300, 380 for example comprises a body constructed of a
film material having a wall thickness of .003” - .005”. The nearly negligible wall
thickness allows for an incision size that is substantially smaller than that required by
traditional trocars. In accordance with various embodiments of the present invention the
incision size could be smaller than the designated size of the instrument indicated for use.
For example, an incision, through which a Smm instrument is to be used, may be reduced
to approximately 3mm. The inserted instrument will temporarily dilate or enlarge the
tissue defect and perfect a gas-tight seal between the body wall, film passageway and the
instrument. The small incision or opening size is useful as a small incision imposes a
compressive, circumferential sealing load upon an inserted instrument; results in less
scarring of subject tissue; generally requires no mechanical closure such as stitches or
staples; and is less likely to become hernia site than a larger incision.

[0081] In accordance with various embodiments, the film passageway 211, 385 is
made of material, e.g., polyolefin, and/or has a thickness, e.g., between .0005 to .002
inches, that is not able to extend in a longitudinal direction or resists extension or forces
to stretch the material in a longitudinal direction. In accordance with various
embodiments, the film passageway 211, 385 is made of material and/or has a thickness
that is not able to extend or resists extension or forces to stretch the material in a
horizontal direction or a direction traverse to the longitudinal direction except as it is

urged to unfold under the influence of an inserted instrument within the film passageway.
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[0082] In accordance with various embodiments of the present invention, the body or
film passageway of the access device 200, 300, 380 may be constructed by welding thin
sheet-film into a tube or may be blow molded or otherwise formed into a generally
tubular shape. In one embodiment, an irradiated ultra-thin-walled, cross-linked
polyolefin tube that may be post-formed into a desired shape or condition by the
application of heat to all, or a portion of the tubular member is used. This manufacturing
process may also facilitate attachment of the tubular structure to proximal and distal
supports or rings without the use of adhesives. In various embodiments, the film 211,
385 includes various slip agents such as waxes, soaps, diatomaceous earth, silicone oils,
and fluoropolymers to reduce the drag force on inserted instruments.

[0083] With reference to FIGS. 31 — 36 in accordance with various embodiments of
the present invention a trocar surgical seal or access device 380 is provided. The access
device 380 has a distal end 298, a proximal end 299 and an elongate body or film
passageway 385 extending between the distal end 298 and proximal end 299. The film
passageway 385 comprises an elongate mid section 386. A distal end of the elongate mid
section 386 in one embodiment supports or includes a “ring-shaped” retainer or support
383. In accordance with various embodiments, the material from which the elongate mid
section 386 extends and curves along a peripheral portion 401 into tapers, folds or curved
surfaces 402, 403 meeting at a slit 405 and thereby forming a zero seal 400.

[0084] In various embodiments, the proximal end of the elongate mid section 386
supports or includes a bolster or ring 420. In accordance with various embodiments, the
material of the elongate mid section 386 extends through the bolster 420 in a proximal
direction and subsequently extends distally to a peripheral portion 401 into curved
surfaces 402, 403 and meeting at slit 405 to form the zero seal 400. The bolster 420
stabilizes the seal and the mid section relative to each other and the patient’s body or
access platform. The bolster 420 in one embodiment has a proximal portion 421 and a
distal portion 422 in which the height or distance between the portions is about a third of
the height of the mid section to assist in stabilizing the seal relative to mid section, the
patient’s body, the access platform or instruments inserted therein. The bolster 420 also
in one embodiment provides a stable structure to form or attach the seal or to maintain the

zero seal under insufflation pressure. As such, in one embodiment, the area or cavity 406
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adjacent to the seal 400 and the working channel 360 remains sealed in the absence of an
inserted instrument.

[0085] In accordance with various embodiments, the material of the elongate mid
section 386 extends through the bolster 420 proximally and is subsequently invaginated
distally to form a self-closing or zero seal 400 in the presence of pressure gradients
within the cavity 406 and lumen or working channel 360 of the access device between the
distal end of the elongate mid section 386 and the proximal end of the elongate mid
section 386 or along an inner surface or portion of the seal. The 'self—closing seal 400
comprises inverted, invaginated portions 402, 403 that are formed by returning the
proximally extending mid section portion to within the lumen 360 of the elongate mid
section 386. The invaginated portion is configured to exhibit a substantially planar cross-
section resembling a “duck-billed” seal. In one embodiment, pneumoperitoneum
pressure further maintains or assists in the maintenance of the film portions 402, 403 in a
sealed condition in the absence of an inserted instrument. In accordance with various
embodiments, the seal 400 is similarly formed in addition to or only at the distal end 298.
In accordance with various embodiments, the bolster 420 is thicker, wider, and higher
and/or is made of a material that is more rigid, thicker or both than the first support, the
second support, the film passageway or any combination thereof. In various
embodiments, the bolster is made of a material that is different from the first support, the
second support, the film passageway or any combination thereof.

[0086] Referring now to FIGS. 37 — 39, a trocar surgical seal or access device 380 in
accordance with various embodiments comprises a film passageway 211, 385 that
comprises a double-walled, concentric structure where a tubular body is inverted upon
itself so that a first end 331 of the body adjoins a second end 332 of the body. A ring
shaped support 393 in one embodiment may be inserted into the space 391 between the
walls 392, 394 and urged into the formed distal pocket 390 where the film is folded. The
two adjoining ends 331, 332 are subsequently attached to a bolster 420 in accordance
with various embodiments.

[0087] In various embodiments, near the distal end of the inverted sleeve body, one
or more holes or openings 475 may be formed in the outer wall 394. The one or more

holes are smaller in diameter than the working channel 360 or lumen through the film
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passageway. A fluid connector 450 in one embodiment may be connected to the external
bolster 420 that communicates with the distal openings 475 in the outer wall 394 of the
access device 380 through a space or channel 388 between the walls 392, 394 of the
inverted sleeve body or an opening or channel 411 between the bolster 420 and the walls
392, 394. Gas or fluid may thus be administered or removed through the access device,
for example, by connecting a gas supply 500 to the fluid connector 450 of the bolster 420
and allowing gas to flow between the walls 392, 394 and through the distal openings 475
in the outer wall 394 of the access device 380. In one embodiment, a gas or fluid
passageway is provided to/from the fluid connector 450 directly through the bolster or the
film passageway and into the working channel, e.g., between the zero seal and the film
passageway. The gas pressure within the trocar surgical seal and between the coaxial
walls can provide additional sealing capability to the trocar surgical seal 380 between the
penetrated tissue and an inserted instrument within the working channel 360 of the access
device 380. The trocar surgical seal also remains un-housed and in direct contact with
the body wall.

[0088] Referring to FIGS. 40-48, various embodiments of the first and second
supports are shown. It should be appreciated that the embodiments illustrated could be
interchanged or combined with each other and other embodiments described throughout
the specification. In accordance with various embodiments, a first support 230, 306, 384
has a height greater than the height of the second support 220, 330, 383. The greater
height assists in connecting a zero seal, a shield or both. In one embodiment, the greater
height assists in securing the first support to the film or assists in keeping the inserted
instruments stable. The first support 230, 306, 384 in one embodiment has a raised
portion, ring or bolster 491 with an outer surface or flange 493 that extends around the
periphery of the first support that assists in stabilizing the first support relative to the film
passageway 211, 385, 384, the second support 220, 330, 383 and the outside of the body
wall or the access platform. The first support 230, 306, 384 in one embodiment has a top
flange 492 that extends around the periphery of the bolster 491 and is distal from the
flange and from the exterior of the body wall or the access platform. The top flange 492
assists in supporting an inserted instrument and in identifying or marking the location of

the device or the opening to insert an instrument.
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[0089] In one embodiment, the first support 230, 306, 384 has a bolster 485 with a
tapered outer surface and a tapered inner surface that assists in keeping an inserted
instrument stable or facilitates the movement of an inserted instrument off-axis or in
angled position. In one embodiment, the first support 230, 306, 384 has a bolster 480
with convolutions or corrugations that facilitate the movement of an inserted instrument
off-axis or in angled position. In one embodiment, the first support 230, 306, 384 has an
outer surface or flange 503, 505 that is shaped as a square, rectangle, triangle, circle and
the like to assist in identifying or locating the surgical access device to mark particular
access devices for specific surgical instruments. In one embodiment, the first support
230, 306, 384 has a bolster 507 with a height or thickness smaller than the height or
thickness of the second support 220 that assists in reducing port crowding. In one
embodiment, the width or outer diameter of a bolster 495 of a first support 230, 306, 384
is greater than the width of the second support 220, 330, 383 to assist in identifying the
surgical access device or to assist in securing the first support externally to the body wall.
[0090] In one embodiment, the first support 230, 306, 384 is rigid relative to the film
passageway, the second support or both. In one embodiment, the flange of the first
support 230, 306, 384 is rigid relative to the other portions of the first support. In one
embodiment, the bolster is flexible. In one embodiment, the flange is flexible and the
bolster is rigid. The rigidity of the flange and flexibility of the bolster and vice versa
assist in securing the support to the body wall or access platform and to reduce or prevent
potential trauma to the body wall or access platform.

[0091] In accordance with various embodiments, a second support 220, 330, 383 has
a raised portion, ring or bolster 501 that has a width or outer diameter that is greater than
a width or outer diameter of the first support 230, 306, 384 to assist in securing the
second support to the interior of the patient or the access platform. In accordance with
various embodiments, the second support 220, 330, 383 has a bolster 481 that is
substantially flat that assists in securing the second support to the interior of the patient or
the access platform and reduces the area occupied by the support within the cavity or
interior of the patient. In accordance with various embodiments, the greater height, width
or periphery of the first support 230, 306, 384 relative to the second support, the film

passageway or both also resists rolling of the first support around itself or twisting

-21-



WO 2014/144468 PCT/US2014/028892

relative to the film passageway and the second support thereby resisting or preventing
retraction or retracting of the body wall or the access platform.

[0092] In FIGS. 49 and 50, an insertion device in accordance with various
embodiments is shown. The insertion device includes an obturator 12 and in one
embodiment includes an optical viewing channel 14 to ensure proper placement of the
trocar surgical seal within a patient’s body or access platform. The support or distal
portion of the access device is shown disposed near the distal end of the insertion tube 18
with a movable deployment slide 16 to eject the trocar surgical seal out of the tube and
into the patient. FIG. 50 further illustrates exemplary steps or stages of an insertion of
the trocar surgical seal in accordance with various embodiments of the present invention
starting with the trocar surgical seal outside the patient’s body and within an insertion or
deployment device and ending with the trocar surgical seal deployed and disposed
through the patient’s body.

[0093] In accordance with various embodiments described throughout, the trocar
surgical seal 200, 300, 380 is capable of accommodating irregularly shaped instruments
or objects and in various embodiments is a nearly friction-free, self-sealing, utilizing a
small incision or opening and having a low-profile but allowing the use of full-sized
laparoscopic instruments. In accordance with various embodiments, a trocar surgical seal
200, 300, 380 is provided and in various embodiments has a body or film passageway
with an open and unobstructed lumen there through and unobstructed and open ends.
The film passageway 211, 385 in various embodiments is radially collapsible or
compressible under radial or circumferential force exerted by a body wall or surrounding
body tissue and thus does not maintain a particular shape, e.g., tubular. In one
embodiment, the film passageway 211, 385 can be flatten or compressible or collapsible
longitudinally and/or radially to assist in packing or storing of the access device. A first
support and a second support are provided on each respective ends of the film
passageway in accordance with various embodiments. In accordance with various
embodiments, movement of the first or second supports or the film passageway relative
to each other provides insufficient force to enlarge the inner diameter of the film

passageway or to retract the opening in the patient’s body or the access platform.
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Retraction of the body wall prevents an instrument or zero seal from forming or causes
the seal to leak.

[0094] The second support is to be disposed internally relative to the patient’s body
and may be constructed of a flexible material so that the support may be deformed for
insertion through a body wall or an access platform. The second support may be shaped
or compressed by a tensioning or insertion device to provide a low profile insertion
shape. The second support in various embodiments is circular and has structural stability
to maintain a circular shape in use. In various embodiments, the second support is
connected to a second, open end of the film passageway. In one embodiment, the first and
second supports have the same inner and/or outer diameters and/or are made of the same
material.

[0095] The film passageway 211, 385 in various embodiments is a formed as a tube
that is constructed of a durable but flexible material having a thin wall thickness. In
various embodiments, the film passageway 211, 385 is made of polyethylene, polyester,
polyurethane, nylon or the like. The film passageway 211, 385 in various embodiments
may be constructed of or may include a thin film or a woven fabric. The film
passageway 211, 385 in various embodiments is connected at the opposite, first, open end
to a first support that is to be disposed externally relative to the patient’s body. In various
embodiments, the first support 220, 330, 384 is generally circular in shape and in various
embodiments may be constructed of a more rigid material than that of the second support,
the film passageway or both. As such, in one embodiment, the first support 220, 330,
384 is made of a material that is different from the film passageway, the second support
or both. In accordance with various embodiments, the first support 220, 330, 384 is
shaped or dimensioned to prevent rotation of the first support or twisting of the film
passageway. In one embodiment, the first support 220, 330, 384 is shaped to not permit
rolling or rotational movement about itself. In accordance with various embodiments, the
first support 230, 330, 384, the second support 220, 330, 383, the film passageway 211,
385 or any combination thereof are not inflatable or include an inflatable or fillable
bladder. As such, the profile of the trocar surgical seal can remain low and proximate to
the body wall and thereby reduce or prevent port crowding or clashing and increase the

ability to move or angle an instrument off axis. Additionally, the trocar surgical seal can
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resist or prevent retraction or retracting of the body wall or the access platform that may
cause leak paths or weaken the intended instrument seal.

[0096] In accordance with various embodiments, the film passageway 211, 385 is
made of material, e.g., polyolefin, or has a thickness, e.g., between .0005 to .002 inches,
that prevents winding of the film passageway around the first support and prevents the
film passageway from retracting the opening in the patient’s body. In one embodiment,
the film passageway 211, 385 has different shapes in an unconstrained condition. In one
embodiment, the film passageway 211, 385 is made of a material that is puncture
resistant and/or low friction. The width of the working or access channel 360 or the inner
diameter of the film passageway 211, 385 in one embodiment are dimensioned to
minimize the drag or friction forces associated with insertion, movement, and withdrawal
of instruments.

[0097] In various embodiments, a valve may be inserted or connected to the first
support 230, 330, 384 and comprises a pressure-driven seal that closes upon itself when a
pressure differential exists. In various embodiments, the access device 200, 300, 380
may include a zero seal, such as a duck-bill or double duck-bill seal, to prevent back-flow
of gas or fluids. In accordance with various embodiments, a zero seal is connected to the
first support 230, 330, 384 or the film passageway 211, 385. In accordance with various
embodiments, a zero seal is connected to the second support 220, 330, 383. The zero seal
in various embodiments comprises an elastomeric material for example at least one
polymer resin, rubber, synthetic rubber, polyisoprene, silicone, as well as blends,
mixtures, copolymers or composites thereof. In one embodiment, the zero seal is made
of a material that is different from the material of the shield, the film passageway, the
first support, the second support or any combination thereof.

[0098] In accordance with various embodiments, an outer surface area of the film
passageway 211, 385 in contact with the patient’s body or an access platform is greater
than an inner surface area of the film passageway in contact with an inserted instrument.
In accordance with various embodiments, the film passageway is constructed to exhibit a
predefined shape, such as an hour-glass shape as viewed from the side. The throat or
narrowest point along the film passageway’s path is sized and configured to represent the

instrument-size range for the access device itself. For instance, a throat size of 5.5mm
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will accommodate Smm instruments. This dedicated profile and throat size can obviate
the need for a primary instrument seal because the constrictive pressure on the film
passageway from the tissue or wall through which it is inserted compresses the film
passageway’s material upon the outer surface of the inserted instrument shaft.

[0099] In accordance with various embodiments, the film passageway 211, 385 has a
length with a range of sizes of 1.57-4.5”. In one embodiment, the film passageway 211,
385 has a length that accommodates different thicknesses of a patient’s abdominal wall
and in one embodiment a variety of sizes are provided, e.g., small (1.5”-2.5”); medium
(2.57-3.5”); and large (3.57-4.5”). In one embodiment, the film passageway 211, 385 has
a maximum inner diameter of 17mm, an outer diameter greater than 17mm or both. In
one embodiment, the film passageway 211, 385 has an inner diameter of about 5-7mm,
an outer diameter greater than 7mm, and/or first and/or second supports having diameters
of about 10-12mm to support 7mm or smaller instruments. In one embodiment, the film
passageway 211, 385 has an inner diameter of about 5-13mm, an outer diameter greater
than about 13mm, and/or first and/or second supports having inner diameters of about 15-
17mm to support 13mm or smaller instruments. In one embodiment, the film
passageway 211, 385 has an inner diameter of about 5-17mm, an outer diameter greater
than about 17mm, and/or first and/or second supports having inner diameters of about 20-
24mm to support 17mm or smaller instruments. In one embodiment, the film
passageway 211, 385 is impregnated or otherwise incorporated with antibacterial or
antimicrobial agents, coating, particles, laminations or other compositions such as iodine,
antibiotics, silver, triclosan, biocides or combinations thereof.

[00100]  In accordance with various embodiments, the first, external support 230, 306,
384 may comprise a molded elastomeric double duck-billed valve having an integral
support or ring associated with the open or proximal end. The double-duck-billed valve
provides protection from a sharp or pointed instrument. If the sharp or pointed tip is
inadvertently directed toward the side wall of the access device, the tip will be deflected
by the valve away from the wall and towards the center or throat portion of the film
passageway.

[00101] The double-duck-billed valve in various embodiments has a substantially

conical overall shape as it is viewed from the side. As viewed from the open, proximal
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end, the circular shape of the proximal end is resolved into two crossing flat sealing
portions. When there is more pressure on the external surface of the valve than on the
internal surface, the valve is urged to close. When an instrument is inserted into the
valve, the valve does not resist the instrument or present inordinate friction upon the
motion of the instrument. In various embodiments, the double-duck-billed valve may
include one or more guard members that conform to the internal shape of the valve. This
embodiment provides additional protection for the sheath during insertion of sharp or
pointed instruments. |

[00102] In accordance with various embodiments, a dilator may be associated with the
open, proximal end of the trocar surgical seal 200, 300, 380 that assists in the opening of
the narrow portion of the sheath or film passageway. In various embodiments, one or
more dilators or portions thereof are urged forward by the off-axis insertion of an
approaching instrument tip to provide a clear and corrected path for the incoming
instrument. The one or more dilators or portions thereof subsequently retract when the
instrument is in place. A compressive force upon the one or more dilators or portions
thereof while within the channel, e.g., an hour-glass shaped channel, of the film
passageway urges the one or more dilators or portions thereof proximally and out of the
channel.

[00103] In accordance with various embodiments, the film passageway 211, 385 is
collapsed prior to insertion into the patient’s body and remains collapsed in an
operational state when no instrument is within the film passageway. In accordance with
various embodiments, an insertion or placement device is provided having a handle to be
held by a surgeon, an elongate shaft and a distal portion sized and configured to engage
the first, inner support of the trocar surgical seal and provide or restrain the support with
a shape and profile for insertion through a body wall and into a body cavity. In various
embodiments, the insertion device may include one or more retainers, e.g., two distal
opposing retainers that engage the first support 230, 306, 384 and stretch the support into
an oval or elongate shape. The retainers in various embodiments may include opposing
hooks and in various embodiments one or more of the hooks may be alternately moved

toward each other or apart from each other.
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[00104] In accordance with various embodiments, an opening of the access platform in
contact with the film passageway 211, 385 exerts a radial or circumferential compressive
force that is greater than a drag force of an instrument inserted through the film
passageway. In accordance with various embodiments, the access platform has an outer
diameter at least two times larger than a maximum inner diameter of the film passageway
with an instrument inserted therethrough. In accordance with various embodiments, the
opening in the access platform is preformed or made upon insertion of the second support
being inserted through the access platform and in accordance with various embodiments
the access platform comprises a gel material coupled to a cap or support ring. In
accordance with various embodiments, the trocar surgical seal 200, 300, 380 lacks a seal
housing, a cannula or retractor.

[00105] As shown in various embodiments, a trocar surgical seal 200, 300, 380 is
provided for use in a surgical procedure and in particular a minimally invasive procedure.
The trocar surgical seal seals a working channel provided by the surgical access device
thereby preventing the escape or facilitating the supply of insufflation gases prior to or
during a surgical procedure. The trocar surgical seal can seal the working channel with
an instrument disposed through the seal and in accordance with various embodiments in
the absence of such an instrument. The working channel provides a path or access into a
patient’s body cavity. The trocar surgical seal in accordance with various embodiments
includes multiple layers or components having different characteristics to facilitate or
enhance the sealing characteristics of the seal to seal the working channel of the surgical
access device.

[00106] The trocar surgical seal 200, 300, 380 sealingly engages surgical instruments
of various diameters to prevent loss of pneumoperitoneum or to prevent loss of carbon
dioxide or other surgical gas during use of such instruments in a laparoscopic procedure.
The trocar surgical seal also facilitates the insertion and manipulation of laparoscopic
instruments by directing away from the body wall and the body or wall of the surgical
seal and by minimizing the friction produced between the surgical seal and the inserted
instruments. The trocar surgical seal provides a positive seal with respect to instruments
inserted through the trocar surgical seal to prevent loss of pneumoperitoneum during

laparoscopic surgical procedures. In various embodiments, in the absence of an inserted
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instrument, the insufflated abdominal pressure or peritoneal pressure, which typically
ranges from 6.5mm Hg to 17mm Hg, forces or assists in forcing the film passageway
together to sealingly close the instrument channel to prevent loss or leakage of
pneumoperitoneum. Pneumoperitoneum pressure in accordance with various
embodiments also further forces or assists in forcing the film passageway to form around
the shaft of an inserted instrument to prevent excessive loss of carbon dioxide or other
insufflation gas. In accordance with various embodiments, the access device 200, 300,
380 can be inserted into a body cavity that is not insufflated or under pneumoperitoneum
pressure. In some embodiments, a patient’s bone structures, such as the ribs or other such
bodily structures, provide radial or circumferential compressive forces that collapse the
film passageway of the trocar surgical seal 200, 300, 380.

[00107] In accordance with various embodiments, the use of a trocar surgical seal or
surgical access device 200, 300, 380 can dramatically reduce the number of components
used to achieve instrument access and pneumo-sealing. Often trocars and trocar seals are
complicated, have large profiles both in diameter and height off the patient, and are of a
fixed rigid diameter. In various embodiments, the trocar surgical seal also conforms to
the tissue and is thereby less traumatic. The low profile of the trocar surgical seal or
access device also reduces "port crowding". An obturator or introducer in various
embodiments eases placement of the access device. The obturator or introducer in
various embodiments may be loaded with multiple access devices, staged up behind each
other, collapsed longitudinally and/or radially, axially down the shaft of the introducer
and deployed one-by-one for multiple access sites. In various embodiments, the access
device 200, 300, 380 may also accommodate various instrument sizes as opposed to
fixed-size or rigid cannulas. In accordance with various embodiments, the trocar surgical
seal 200, 300, 380 is a replacement for typical trocars including seal housings, cannulas
and other surgical access devices or platforms or facilitates the use or operation of other
surgical access devices or access platforms.

[00108]  Although this application discloses certain embodiments and examples, it will
be understood by those skilled in the art that the present inventions extend beyond the
specifically disclosed embodiments to other alternative embodiments and/or uses of the

invention and obvious modifications and equivalents thereof. Further, the various
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features of these inventions can be used alone, or in combination with other features of
these inventions other than as expressly described above. As such, it should be
appreciated that although specific combinations of embodiments and features or aspects
of various embodiments may not be explicitly described such combinations however are
contemplated and within the scope of the present inventions. Thus, it is intended that the
scope of the present inventions herein disclosed should not be limited by the particular
disclosed embodiments described above, but should be determined only by a fair reading
of the claims.

[00109] In the claims which follow and in the preceding description of the
invention, except where the context requires otherwise due to express language or
necessary implication, the word “comprise” or variations such as “comprises” or
“comprising” is used in an inclusive sense, i.e. to specify the presence of the stated
features but not to preclude the presence or addition of further features in various
embodiments of the invention.

[00110] It is to be understood that, if any prior art publication is referred to herein,
such reference does not constitute an admission that the publication forms a part of the

common general knowledge in the art, in Australia or any other country.
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Claims:

1. A trocar surgical seal providing instrument access into a patient’s body,
the trocar surgical seal comprising:

a first support to be positioned externally to a patient’s body;

a second support to be positioned within a patient’s body; and

a collapsible film passageway having a first end connected to the first support and
a second end connected to the second support and having a non-adjustable length, the
film passageway being disposed through an opening in a patient’s body and in direct
contact with the opening in the patient’s body, the film passageway having a zero inner
diameter due to compressive forces applied by the patient’s body in direct contact with
the film passageway in absence of an instrument inserted through the film passageway
and providing an instrument seal with an instrument inserted through and in direct
contact with the film passageway;

wherein the film passageway is made of material or has a thickness that prevents
the film passageway from retracting the opening in the patient’s body and resists

extension or forces to stretch the material in a longitudinal direction.

2, The trocar surgical seal of any of the proceeding claims wherein
movement of the first or second supports or the film passageway relative to each other

provides insufficient force to enlarge the inner diameter of the film passageway.

i The trocar surgical seal of any of the proceeding claims wherein
movement of the first or second supports or the film passageway relative to each other

provides insufficient force to retract the opening in the patient’s body.
4. The trocar surgical seal of any of the proceeding claims wherein the film

passageway is collapsed prior to insertion into the patient’s body and remains collapsed

in an operational state when no instrument is within the film passageway.
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3 The trocar surgical seal of any of the proceeding claims wherein the film
passageway is made of material or has a thickness that prevents winding of the film

passageway around the first support.

6. The trocar surgical seal of any of the proceeding claims wherein the first
support is shaped or dimensioned to prevent rotation of the first support or twisting of the

film passageway.

7 The trocar surgical seal of any of the proceeding claims wherein the
material or thickness of the film passageway is not able to extend in a longitudinal

direction.

8. The trocar surgical seal of any of the proceeding claims wherein the
material or thickness of the film passageway is not able to extend in a horizontal direction
or a direction traverse to the longitudinal direction except as it is urged to unfold under

the influence of an inserted instrument within the film passageway.

9. The trocar surgical seal of any of the proceeding claims wherein the
material or thickness of the film passageway resists extension or forces to stretch the
material in a horizontal direction or a direction traverse to the longitudinal direction
except as it is urged to unfold under the influence of an inserted instrument within the

film passageway.

10.  The trocar surgical seal of any of the proceeding claims wherein the film

passageway has a thickness between .0005 to .002 inches.
11.  The trocar surgical seal of any of the proceeding claims wherein an outer

surface area of the film passageway in contact with the patient’s body is greater than an

inner surface area of the film passageway in contact with an inserted instrument.

8
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12. The trocar surgical seal of any of the proceeding claims wherein a zero

seal is connected to the first support or the film passageway near the first support.

13. The trocar surgical seal of any of the proceeding claims wherein a zero

seal is connected to the second support or the film passageway near the second support.

14. The trocar surgical seal of claims 12 or 13 wherein the zero seal is a

duckbilled elastomeric seal.
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