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(57) ABSTRACT

A laparoscopic disk assembly, which includes an interwoven
gasket seal, either flat or conical, comprised of four gasket
sections, forms a seal without anything inserted or in the
presence of a laparoscopic instrument or surgeon’s hand,
approximating an opening of a single through hole of a lip
seal providing the same sealing as a lip seal. By breaking the
seal through hole into multiple pieces, the direction and
amount of strain applied to any section is less than the strain
applied by the simple change in diameter. The layers form
contact zones with the inserted probe or hand. The sum of the
array of contact zones provides contact around the full diam-
eter of the inserted tool or hand. Additionally, the hoop stress
of'the seal is reduced, thereby reducing the drag force on the
instrument or the hand and wrist of the doctor.

10 Claims, 8 Drawing Sheets
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1
HANDOSCOPY INTERWOVEN LAYERED
SEAL LAPAROSCOPIC DISK

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application is related to two commonly-owned
U.S. patent applications filed on even date herewith, the dis-
closures of which are hereby incorporated by reference in
their entirety: (1) Ser. No. 11/611,167, “Resiliently Sup-
ported Seal Cap for Hand Assisted Laparoscopic Surgical
Procedures” to Kistler et al.; and (2) Ser. No. 11/611,193,
“Fully Automated Iris Seal for Hand Assisted Laparoscopic
Surgical Procedures” to Beckman et al.

FIELD OF THE INVENTION

The invention generally relates to surgical access systems
that facilitate sealed access across a body wall and into a body
cavity during a laparoscopic surgical procedure.

BACKGROUND OF THE INVENTION

In the practice of abdominal surgery, which requires the
examination and manipulation of intraperitoneal and extrap-
eritoneal organs and tissues, surgeons most often employ a
long established technique of opening the abdominal wall
with an incision large enough to accommodate instruments
required, as well as the surgeon’s hands, and to allow proce-
dures such as anastomosis or removal of diseased organs or
portions thereof. The advantages of this technique include a
large degree of freedom of motion for successfully complet-
ing the procedure, sufficient space for mechanical leverage
which may be necessary, and above all, tactile feedback
response to the surgeon when using his hands to feel the
texture, temperature, and physical response of the tissues.
The disadvantages of this traditional technique, however,
include long healing and recuperative time with considerable
post-operative pain, and adhesion formation which can cause
pain and bowel obstruction. Additionally, the traditional tech-
nique may increase the complexity of later surgery, as well as
increase the possibility of post-operative morbidity and
unsightly scars remaining after the procedure is completed.

In order to overcome the disadvantages of the traditional
abdominal surgery method using a large incision, laparo-
scopic techniques have been developed which use several
smaller puncture openings in the abdominal wall. These
openings are used to inflate the abdominal cavity with a gas to
elevate the abdominal wall away from the organs, and to allow
room for the manipulation of the organs. The openings also
provide means to introduce light generating and optical view-
ing instruments to observe the abdominal cavity, and to
manipulate the organs in order to accomplish the desired
results. This laparoscopic technique is becoming widely
accepted because of its many advantages. These advantages
include reduced adhesions, shorter recovery time, and less
post-operative pain. There are also some disadvantages. For
example, there are limitations on freedom to manipulate
organs, and on the surgeon’s viewing ability which, although
magnified with the aid of a laparoscope, lacks depth percep-
tion. Most importantly, there is a lack of tactile feedback of
the tissue through the surgeon’s hands. Also, when a tissue
specimen must be removed, a larger opening must be made in
the abdominal wall near the end of the procedure, causing loss
of gas pressure, collapse of the abdominal wall, and loss of
interior working and viewing space.
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The laparoscopic technique uses smaller puncture open-
ings in the abdominal wall as described. These openings are
usually made with a puncture device called a trocar. The
trocar point and attached shaft are usually contained in a
hollow circular tube which remains in the abdominal wall
after puncture and through which other instrument shafts are
passed to be used in the operating procedure. A sealing fea-
ture must be included in the trocar cannula body in order to
maintain the gas pressure as described above. Various sizes
and shapes of instruments are used in these procedures and
sealing between the instruments and the trocar body must be
achieved. Also, internal sealing is required within the instru-
ment body passing through the cannula to avoid gas leakage.
The importance of these sealing requirements is indicated by
their inclusion in endoscopic instrument patents. For
example, U.S. Pat. Nos. 5,104,383 and 5,197,955, describe
sealing mechanisms between trocars and instruments passed
through them. Also, the endoscopic instruments themselves
contain internal sealing means to reduce the loss of gas pres-
sure in the abdominal cavity. U.S. Pat. Nos. 5,100,420 and
5,171,249, describe internal sealing means in endoscopic
instruments.

The laparoscopic assisted procedure combines the advan-
tages of the traditional and the laparoscopic techniques for
abdominal surgery. In this procedure, the normal laparo-
scopic small puncture openings are made with the exception
that one opening is made large enough to allow a surgeon’s
hand to pass through the abdominal wall in order to remove
tissue or deliver a mobile organ for transplant surgery. This
procedure is now called handoscopy.

When this larger opening is made, a sealing device
designed and sized to both fit within the incision and allows a
surgeon to pass through his hand into the abdominal space
with minimal loss of gas pressure.

Several surgical devices are described in patents such as
Brinkerhoff—U.S. Pat. No. 5,366,478, Shimomura—U.S.
Pat. No. 6,077,288, and MacLeod—U.S. Pat. No. 5,741,298.
With all of these devises, the surgeon must use two hands to
insert his one hand into the patient while at the same time
potentially losing all of the insufflation gas from within the
abdomen.

Accordingly, one object of the present invention is to allow
the advantages of the laparoscopic method of maintaining gas
pressure in the abdominal cavity, and of requiring relatively
small incisions for quicker recovery than the traditional
method, yet it allows the surgeon the important feature of
tactile feedback to determine directly the information needed
to successfully conclude the procedure as well as allow
removal of the specimen.

In U.S. Pat. Appln. Publ. No. 2005/0020884, versions of
transverse, overlapping partial seals are disclosed that
address the need to a degree for a seal accessible with one
hand without significant loss of insufflation pressure, but
additional improvements are desirable.

BRIEF DESCRIPTION OF THE FIGURES

The accompanying drawings, which are incorporated in
and constitute a part of this specification, illustrate embodi-
ments of the invention, and, together with the general descrip-
tion of the invention given above, and the detailed description
of the embodiments given below, serve to explain the prin-
ciples of the present invention.

FIG. 1 is an environmental perspective view of a patient
prepared for a Hand Assisted Laparoscopic Surgery (HALS)
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procedure by the insertion of a laparoscopic disk incorporat-
ing an interwoven gasket seal consistent with aspects of the
invention.

FIG. 2 is a perspective view of a HALS laparoscopic disk
assembly that includes the laparoscopic disk of FIG. 1
attached to a retraction skirt.

FIG. 3 is an exploded perspective view of the HALS lap-
aroscopic disk assembly of FIG. 2.

FIG. 4 is a perspective view of the interwoven gasket seal
of the laparoscopic disk of FIG. 1.

FIG. 5 is a perspective, exploded view of the interwoven
gasket seal of the laparoscopic disk of FIG. 1.

FIG. 6 is a right side view in cross section of a left side of
the laparoscopic disk assembly of FIG. 1 inserted into an
incision through an abdominal wall of the patient.

FIG. 7 is a perspective view of an alternative conical,
interwoven gasket seal for the laparoscopic disk of FIG. 1.

FIG. 8 is a perspective, exploded view of the alternative
conical, interwoven gasket seal of FIG. 7.

DETAILED DESCRIPTION OF THE INVENTION

Referring now to FIG. 1, the environment for performing
an endoscopic surgical procedure within an abdomen is illus-
trated, herein referred to as Hand Assisted Laparoscopic Sur-
gery (HALS). A surgeon places a hand through a surgical
access device depicted as a HALS laparoscopic disk assem-
bly 10 that includes an exteriorly visible laparoscopic disk
(seal cap) 12 that retains a flat interwoven gasket seal 14 that
forms a valve defining an access channel expansive enough to
admit a surgeon’s hand without having to use the other hand
to effect opening or closing and thereby, maintaining gas
pressure during any laparoscopic, and more particularly, lap-
aroscopic assisted procedure. The laparoscopic disk is posi-
tioned upon an exterior surface 16 of patient’s abdominal wall
18.

The flat interwoven gasket seal 14 forms a seal without
anything inserted or in the presence of a laparoscopic instru-
ment or surgeon’s hand, approximating an opening of a single
through hole of a lip seal and provide the same sealing as a lip
seal. By breaking the seal through hole into multiple pieces,
the direction and amount of strain applied to any section is
less than the strain applied by the simple change in diameter.
The layers form contact zones with the inserted probe or
hand. The sum of the array of contact zones provides contact
around the full diameter of the inserted tool or hand. Addi-
tionally, the hoop stress of the seal is reduced, thereby reduc-
ing the drag force on the instrument. It is the reduction of the
hoop stress that will facilitate the insertion of a hand and wrist
into the patient.

In FIGS. 2-3, the laparoscopic disk assembly 10 includes a
base ring 20 having an aperture 22 centered within an inner
annular gasket recess 24 defined upon a top surface 26 within
a raised outer annular mounting surface 28. Radially spaced,
squat cylindrical posts 30 are formed within the inner annular
gasket recess 24 to approximate the height of the surrounding
outer annular mounting surface 28. The flat interwoven gas-
ket seal 14 includes an outer annular mounting flange 32
having a composite thickness and radial annular width
approximately equal to the depth and radial width respec-
tively of the inner annular gasket recess 24. The outer annular
mounting flange 32 has mounting holes 34 sized and regis-
tered to receive a respective squat cylindrical post 30. A top
ring 36 has an aperture 38 and a radial annular width that
corresponds to the base ring 20. A plurality of radially spaced
through holes 40 about a periphery of the top ring 36 each
receive a fastener (e.g., bolt) 42 that pass on through to be
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engaged within a respective one of a plurality of radially
spaced bolt holes 44 formed in the outer annular mounting
surface 28.

InFIGS. 3 and 6, the laparoscopic disk assembly 10 further
includes a retractor skirt 46 which has an upward lip 48 sized
to slip over and to enter an outer ring groove 50 formed into
the base ring 20, held therein by an O-ring 52. A narrowed
waist portion 54 of the retractor skirt 46 comprises a venturi-
shaped tube formed of resilient material that retracts a wound
or incision 56 through the abdominal wall 18. A lower open-
ing 58 of the retractor skirt 46 is defined by a flexible ring 60
(FIG. 6) that forms a lip of the retractor skirt 46 and is wider
than the resilient waist portion 54 thereof to contact an inner
surface 62 of the abdominal wall 18 around the incision 56.
The flexible ring 60 allows insertion in a deformed state
through the incision 56 with subsequent rebounding to the
depicted relaxed, circular shape.

A downward annular surface 64 of the laparoscopic disk 12
is supported by an attached flexible or resilient (“soft) support
member 66 that forms an annular sealing contact upon the
exterior surface 16 of the patient’s abdominal wall 18 sur-
rounding the incision 56. Versions of the soft support member
66 are described in greater detail in the cross referenced U.S.
patent application Ser. No. 11/611,167.

In FIGS. 4-5, the flat interwoven gasket seal 14 consists of
four identical multiple, interwoven gasket sections 68, each
having an inwardly projecting partial barrier portion 70 from
a partial mounting flange 72. It should be appreciated that
applications consistent with aspects of the invention may
incorporate less than or more than four gasket sections 68
with appropriate angular portions provided by each gasket
section 68 for a suitable overlap. In the illustrative version,
each gasket section 68 has the partial mounting flange 72 and
partial barrier portion 68 of slightly more than 270° resem-
bling a circle with a pie-shaped portion removed. The partial
mounting portion 72 has three stepped portions 74, 76, 78
with the highest stepped portion 74 being counterclockwise
when viewed from above and the lowest stepped portion 78
being clockwise. Thus, each gasket section 68 is stacked with
a quarter turn clockwise relative to the gasket section 68
immediately below. This interwoven configuration enables a
spiraling dilation to be formed as an instrument or a hand is
inserted through the flat interwoven gasket seal 14.

The four gasket sections 68 overlap such that there is
almost no hole in the center allowing for minimal leakage of
CO, from the abdomen and form a complete seal. Thereby,
the multi-piece gasket seal 14 enables easy insertion of the
surgeons” hand into the patient during the procedure, yet seals
around the wrist and maintain the abdominal insufflation.
Upon withdrawal of the hand, the laparoscopic disk assembly
10 closes off and reduces the leak rate to a manageable value
of approximately 1000 cc/min. The gasket sections 68 may be
radially stretched during assembly (“pre-stretching”) to pro-
mote sealing between adjacent seal sections 68 by urging the
sections 68 to contact one another without the presence of an
arm.

InFIGS. 7-8, an alternative conical, interwoven gasket seal
114 consists of four identical multiple, interwoven gasket
sections 168, each projecting downwardly a partial conical
portion 170 from a partial mounting flange 172. It should be
appreciated that applications consistent with aspects of the
invention may incorporate less than or more than four gasket
sections 168 with appropriate angular portions provided by
each gasket section 168 for a suitable overlap. In the illustra-
tive version, each gasket section 168 has the partial mounting
flange 172 and partial conical portion 168 of slightly more
than 270°, the latter resembling a circle with a pie-shaped
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portion removed. The partial mounting portion 172 has three
stepped portions 174, 176, 178 with the highest stepped por-
tion 174 being counterclockwise when viewed from above
and the lowest stepped portion 178 being clockwise. Thus,
each gasket section 168 is stacked with a quarter turn clock-
wise relative to the gasket section 168 immediately below.
This interwoven configuration enables a spiraling dilation to
be formed as an instrument or a hand is inserted through the
conical, interwoven gasket seal 114.

For clarity, the laparoscopic disks 12, 116 depicted above
omit a seal protector that prevents a sharp tipped instrument
that strikes off center from cupping and piercing resilient
material of the gasket sections 68, 168. To avoid seal degra-
dation, an outer seal protector may be positioned outward
from the gasket sections 68, 168 and shaped to guide an
inserted instrument toward the center (“septum”) of the gas-
ket sections 68, 168. Alternatively the seal protector may be
formed of a material that prevents penetration of the outer
portions of the gasket sections 68, 168 but does not serve to
guide the instrument to the center of the gasket sections 68,
168, relying upon the surgeon to visually reposition the
instrument.

The protectors that are proximal to the seal components
also transfer a distributed force to the seal sections. An
inserted instrument applies force to the protectors through
contact and the protectors then apply a distributed normal
force to much of the opposing seal surfaces that are contacted
by the protectors. Since the seal gasket sections apply a resis-
tive force to this movement due to stretching of an elastomeric
material, the seal layers are compressed against one another
promoting sealing by reducing or eliminating any gaps that
might exist between adjacent seal layers, attaining a good
seal. Without such protectors, the only contact force with the
seal sections is at the region of instrument contact with the
seal sections. A large portion of the seal surface area thus are
not forced together, which may serve as a leak path during
instrument extraction where the seal layers tend to separate.
With the protectors in place, the seal layers are held together
even during instrument extraction.

It should be appreciated that any patent, publication, or
other disclosure material, in whole or in part, that is said to be
incorporated by reference herein is incorporated herein only
to the extent that the incorporated material does not conflict
with existing definitions, statements, or other disclosure
material set forth in this disclosure. As such, and to the extent
necessary, the disclosure as explicitly set forth herein super-
sedes any conflicting material incorporated herein by refer-
ence. Any material, or portion thereof, that is said to be
incorporated by reference herein, but which conflicts with
existing definitions, statements, or other disclosure material
set forth herein will only be incorporated to the extent that no
conflict arises between that incorporated material and the
existing disclosure material.

While the present invention has been illustrated by descrip-
tion of several embodiments and while the illustrative
embodiments have been described in considerable detail, it is
not the intention of the applicant to restrict or in any way limit
the scope of the appended claims to such detail. Additional
advantages and modifications may readily appear to those
skilled in the art.

For example, while a circular disk is depicted in the illus-
trative version, applications consistent with the present inven-
tion may comprise other geometric shapes (e.g., octagonal,
square).
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6

What is claimed is:

1. A surgical access device adapted for disposition relative
to an incision in a patient, the surgical access device compris-
ing:

a valve including a plurality of interwoven, overlapping
sheets defining an access channel, wherein each of the
sheets has a respective mounting flange, wherein each of
the sheets further comprises an elastic barrier portion
extending from the respective mounting flange, wherein
the mounting flange of each sheet comprises at least two
mounting flange portions separated by a step having a
height at an outermost radial position, wherein the
height of the step tapers as the radial distance from a
center of the valve decreases, wherein the elastic barrier
portions of the plurality of interwoven, overlapping
sheets together define a conical shape;

an upper ring; and

a base ring having an inner diameter for holding the valve
by fixing each of the overlapping sheets along a portion
of the perimeter, wherein the base ring has a first upper
surface and a second upper surface, wherein the second
upper surface is lower than the first upper surface such
that the second upper surface defines an annular recess,
wherein the mounting flanges are stacked in the annular
recess, wherein the upper ring is coupled to the first
upper surface of the base ring to secure the stacked
mounting flanges in the annular recess,

wherein the access channel is configured to provide access
through the incision in the patient.

2. The surgical access device of claim 1, wherein the plu-
rality of interwoven, overlapping sheets comprises at least
three sheets, wherein the mounting flange of each sheet com-
prises an arcuate portion sized for engagement to at least two
thirds of a circumference of the inner diameter of the ring,
each elastic barrier portion defining an acute angle.

3.The surgical access device of claim 1, wherein each sheet
comprises a radially stretched member during assembly.

4. The surgical access device of claim 1, wherein the at
least two mounting flange portions separated by a step are
configured for maintaining a uniform stacked thickness with
overlapping adjacent sheets.

5. The surgical access device of claim 1, wherein the plu-
rality of interwoven, overlapping sheets comprises four iden-
tical sheets, each sheet rotated ninety degrees in a selected
direction with any immediately underlying sheet.

6. A surgical access device adapted for disposition relative
to an incision in a patient, the surgical access device compris-
ing:

an outer frame, wherein the outer frame comprises:
an upper ring, and
a base ring, wherein the base ring has a first upper

surface and a second upper surface, wherein the sec-
ond upper surface is lower than the first upper surface
such that the second upper surface defines an annular
recess; and

a valve including a plurality of interwoven, overlapping
sheets defining an access channel that is configured to
provide access through the incision in the patient, each
of the plurality of sheets being rotated relative to any
overlying sheet and to any underlying sheet, wherein
each of the sheets has a respective mounting flange hav-
ing at least two mounting flange portions, wherein each
mounting flange has a first mounting flange portion is
positioned within a first horizontal plane, wherein each
mounting flange has the second mounting flange portion
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is positioned in a second horizontal plane, wherein the
first mounting flange portion and the second mounting
flange portion are joined by a step, wherein the step
tapers such that the first mounting flange and the second
mounting flange are coplanar at a point radially inset
from an exterior edge of the respective sheet, wherein
each of the sheets further comprises an elastic barrier
portion extending from the respective mounting flange,
wherein the elastic barrier portions of the plurality of
interwoven, overlapping sheets together define a down-
wardly extending conical shape, wherein the mounting
flanges are stacked in the annular recess, wherein the
upper ring is coupled to the first upper surface of the base
ring to secure the stacked mounting flanges in the annu-
lar recess.

8

7. The surgical access device of claim 6, wherein the plu-
rality of interwoven, overlapping sheets comprises at least
three sheets.

8. The surgical access device of claim 6, wherein each sheet
comprises a radially stretched member during assembly.

9. The surgical access device of claim 6, wherein the at
least two mounting flange portions are configured for main-
taining a uniform stacked thickness with overlapping adja-
cent sheets.

10. The surgical access device of claim 6, wherein the
plurality of interwoven, overlapping sheets comprises four
identical sheets, each sheet rotated ninety degrees in a
selected direction with any immediately underlying sheet.
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