09/005986 A1 | 0 O V00O OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
8 January 2009 (08.01.2009)

‘ﬂb’ A0 A0 0

(10) International Publication Number

WO 2009/005986 Al

(51) International Patent Classification:
AG61B 17/34 (2006.01) AGIB 19/00 (2006.01)
AG61B 1/12 (2006.01)

(21) International Application Number:
PCT/US2008/066629

(22) International Filing Date: 12 June 2008 (12.06.2008)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

11/771,263 29 June 2007 (29.06.2007) US
(71) Applicant (for all designated States except US):

ETHICON ENDO-SURGERY, INC [US/US]; 4545
Creek Road, Cincinnati, Ohio 45242 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): FRANER, Paul T.
[US/US]; 6217 Rapid Run Road, Cincinnati, Ohio 45233
(US). GILKER, Thomas A. [US/US]; 3434 Darwin Place,
Cincinnati, Ohio 45211 (US).

(74) Agents: JOHNSON, Philip S. et al.; One Johnson & John-
son Plaza, New Brunswick, New Jersey 08933 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
1L, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC,
LK, LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN,
MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH,
PL, PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV,
SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, 7M, 7ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB,GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
CIL, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

(54) Title: DUCKBILL SEAL WITH FLUID DRAINAGE FEATURE

FIG.7
1;0
28
14
12p
N \
12— J T~
N 26
12d/F‘ 16

22 4, 30

24 S
32

22

(57) Abstract: Seal assemblies, generally for use in trocar assemblies, are provided for selectively promoting movement of fluid
& away from a central portion of the seal assemblies. In one exemplary embodiment, an inner surface of a seal body of the seal
assembly is configured to selectively promote such movement of fluid away from the central portion of the seal body toward a
peripheral portion of the seal body. While various configurations, geometries, and dimensions are discussed, one example of such
a configuration includes locating a central portion of the seal body at a more proximal position than a peripheral portion of the seal

body.
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DUCKBILL SEAL WITH FLUID DRAINAGE FEATURE
FIELD OF THE INVENTION

[0001] This application relates to trocar assemblies, and more particularly, to seal assemblies

often used 1n trocar assemblies.

BACKGROUND OF THE INVENTION

[0002] Surgical procedures often require a surgeon to gain access to a cavity in a patient’s body.
Generally, when such a procedure is required, an incision is made in an exterior wall of the
cavity and an instrument is inserted into the working channel created by the incision. One
common instrument used in such a procedure is a trocar assembly. Trocar assemblies include a
variety of components, but generally can include a trocar cannula, a trocar obturator, and a trocar
housing. In many designs, in order to access the body cavity, the trocar cannula is directed
through the skin and the trocar obturator is inserted through an interior lumen defined by the
cannula. The trocar obturator is then used to penetrate the skin, which has often already had an
incision made in it with a scalpel or similar device, and access the body cavity. More
specifically, in some designs, applying pressure against a proximal end of the trocar obturator
allows a sharp point at a distal end of the trocar obturator to be forced through the skin until it
enters the body cavity. Then, the trocar cannula is inserted through the perforation made by the
trocar obturator and the trocar obturator is withdrawn, leaving the inner lumen of the trocar

cannula as a path to access the body cavity from outside of the body.

[0003] The trocar housing can be joined to a proximal end portion of the trocar cannula, and
further, the housing can define a working chamber with an open distal end portion that is in
communication with the interior lumen of the cannula. Just as the interior lumen can receive the
obturator, it can also receive other elongated surgical instruments such that the instruments can
be axially extended into and withdrawn from the cannula through the proximal end portion of the
working chamber defined by the trocar housing. For example, in order to allow a surgeon to
more casily see during a procedure, an endoscope can be inserted through the cannula and

proximal or into the body cavity.
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[0004] It is common for a sealing assembly or sealing device to be used in the trocar assembly.
Sealing assemblies generally help prevent fluid or gas from escaping during surgical procedures.
Such prevention is needed, especially during certain minimally invasive surgical procedures, in
which an insufflation gas is used to expand a body cavity. However, it can be difficult to
maintain the internal gas pressure because during the course of the procedure instruments are
typically passed into and out of the trocar assembly. Accordingly, a sealing assembly, and often
two sealing assemblies, are generally provided in the trocar assembly. The sealing assembly can
scal against an outer surface of inserted instruments and thus can prevent fluids and insufflation

gas from leaving and/or entering the body cavity through the trocar cannula.

[0005] In instances where two sealing assemblies are provided, the one that is a top, or proximal,
seal is usually designed to seal around a surgical instrument when it is present, and the bottom,
or distal, seal is usually designed for sealing the trocar cannula when the instrument is not
present. One type of distal seal is a “duckbill” seal. A duckbill seal assembly generally includes
a pair of opposed valve members which open and close in much the same manner a duck opens
and closes its bill. Further, they can include a straight wall angle which defines a flex point for
the opening and closing of the assembly, or alternatively, they can include multi-angled walls
that can serve the same purpose but that can also have improved tear resistance and buckling

prevention.

[0006] While such sealing assemblies are effective to prevent fluids and insufflation gas from
leaving and/or entering the body cavity through the trocar cannula, fluids that can accumulate on
the seal can often be wiped onto the instruments when they are being inserted therethrough. This
is especially problematic for instruments such as endoscopes because fluid is often wiped

directly onto the camera lens and thus obscures the surgeon’s view.

[0007] Accordingly, there is a need for a seal assembly that minimizes the accumulation of

fluids on surgical instruments passed into and out of a trocar assembly.

SUMMARY OF THE INVENTION

[0008] Trocars are generally provided having one or more seal assemblies for selectively

promoting movement of fluid away from a central portion of the seal assemblies. In one

2
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embodiment, a seal assembly for use in a trocar assembly is provided and includes a seal body
configured to selectively open the seal assembly in response to an object being inserted into the
seal body. In an exemplary embodiment, an inner surface of the seal body is configured to
selectively promote movement of fluid away from a central portion of the seal body toward a
peripheral portion of the seal body. In one embodiment, the central portion of the seal body is
located at a more proximal position than the peripheral portion of the seal body. Further, the
inner surface of the seal body can be formed by any number of geometric shapes, but in two
exemplary embodiments, the inner surface of the seal body extends in a substantially linear
manner from the central portion to the peripheral portion, or alternatively, the inner surface of
the seal body extends in a substantially arcuate manner from the central portion to the peripheral

portion. In one embodiment, the seal assembly is a duckbill seal assembly.

[0009] In another embodiment of a seal assembly for use in a trocar assembly, a seal body
having a longitudinal axis extending therethrough and a transverse plane substantially
perpendicular to the longitudinal axis is provided, as is a plurality of opposed seal elements
extending distally at an acute angle with respect to the transverse plane from a proximal end of
the seal body. The opposed seal elements can include inner and outer surfaces that meet at a seal
face located at a distal end of the seal body, and further, the opposed seal elements can be
configured to selectively open and substantially close the seal face. In an exemplary
embodiment, the inner surfaces of the seal elements can be configured to selectively promote
movement of fluid away from a central portion of the seal elements toward a peripheral portion
of the seal elements at the seal face. In one embodiment, the central portion of each of the inner
surfaces of the seal elements is located at a more proximal position than the peripheral portion of
the scal elements at the scal face. Further, the inner surfaces of each of the seal elements can be
formed by any number of geometric shapes, but in two exemplary embodiments, the inner
surfaces extend in a substantially linear manner from the central portion to the peripheral portion,
or alternatively, the inner surfaces of each of the seal elements extend in a substantially arcuate
manner from the central portion to the peripheral portion. In another embodiment, the seal body
can include one or more channels formed in the distal end of the seal body and the one or more
channels can be adapted to receive fluid that is moved away from the central portion of the seal
clements. In one embodiment, the seal assembly is a duckbill seal assembly. In yet another

embodiment, the plurality of seal elements is two seal elements.

3-
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[0010] In one embodiment of a trocar assembly, a cannula extending from a housing is provided
such that the housing and the cannula define a working channel sized and configured to receive a
surgical instrument. At least partially located in the working channel can be a seal assembly, and
the seal assembly can include a seal body with a longitudinal axis extending therethrough and a
transverse plane substantially perpendicular to the longitudinal axis. Further, a plurality of
opposed seal elements can extend distally at an acute angle with respect to the transverse plane
from a proximal end of the seal body. The opposed seal elements can include inner and outer
surfaces that meet at a seal face at a distal end of the seal body such that the seal elements can be
configured to selectively open and substantially close the seal face. In an exemplary
embodiment, the inner surfaces of the seal elements can be configured to selectively promote
movement of fluid away from a central portion of the seal elements toward a peripheral portion
of the seal elements at the seal face. In one embodiment, the central portion of each of the inner
surfaces of the seal elements is located at a more proximal position than the peripheral portion of
the scal elements at the scal face. Further, the inner surfaces of each of the seal elements can be
formed by any number of geometric shapes, but in two exemplary embodiments, the inner
surfaces extend in a substantially linear manner from the central portion to the peripheral portion,
or alternatively, the inner surfaces of each of the seal elements extend in a substantially arcuate
manner from the central portion to the peripheral portion. In one embodiment, the seal assembly
of the trocar assembly is a duckbill seal assembly. While the trocar assembly can include one
scal assembly, in another embodiment it can include two seal assemblies such that a second seal
assembly can be proximally spaced from the first seal assembly, and further, similar to the first
seal assembly, the second seal assembly can also be configured to selectively open and

substantially close.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The invention will be more fully understood from the following detailed description

taken in conjunction with the accompanying drawings, in which:
[0012] FIG. 1 is an isometric view of one exemplary embodiment of a trocar assembly;

[0013] FIG. 2 is an isometric exploded view of the trocar assembly of FIG. 1 with one
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exemplary embodiment of a seal assembly;

[0014] FIG

[0015] FIG

[0016] FIG

[0017] FIG

[0018] FIG
S;

[0019] FIG

[0020] FIG

[0021] FIG

[0022] FIG

[0023] FIG
S'-S'; and

[0024] FIG

. 3 1s a side cross-sectional view of the trocar assembly of FIG. 1 taken at line T-T;
.4 1s an isometric view of the exemplary embodiment of the seal assembly of FIG. 2;
. 5 is a top perspective view of the seal assembly of FIG. 4;

. 6 is a side view of the seal assembly of FIG. 4;

. 7 is an isometric cross-sectional view of the seal assembly of FIG. 4 taken at line S-

. 8 is a side cross-sectional view of the seal assembly of FIG. 4 taken at line S-S;
. 9 is an isometric view of another exemplary embodiment of a seal assembly;

. 10 is a top perspective view of the seal assembly of FIG. 9;

. 11 is a side view of the seal assembly of FIG. 9;

. 12 is an isometric cross-sectional view of the seal assembly of FIG. 9 taken at line

. 13 is a side cross-sectional view of the seal assembly of FIG. 9 taken at line S’-S’.

DETAILED DESCRIPTION OF THE INVENTION

[0025] Certain exemplary embodiments will now be described to provide an overall

understanding of the principles of the structure, function, manufacture, and use of the devices

disclosed herein. One or more examples of these embodiments are illustrated in the

accompanying drawings. Those skilled in the art will understand that the devices specifically

described herein and illustrated in the accompanying drawings are non-limiting exemplary

embodiments and that the scope of the present invention is defined solely by the claims. The

features illustrated or described in connection with one exemplary embodiment may be

combined with the features of other embodiments. Such modifications and variations are
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intended to be included within the scope of the present invention.

[0026] The trocar described herein includes a seal assembly that is constructed to provide for
selective movement of fluid away from a central portion of a seal body toward a peripheral
portion of the seal body. This selective movement is achieved by using various geometric
configurations to form the seal body. Movement of fluid away from the central portion of the
seal body provides a number of advantages, including reducing the amount of fluid that can
accumulate on the seal so as to be wiped onto instruments, such as an endoscope, as they are

passed in and out of a trocar assembly during a surgical procedure.

[0027] Apart from the seal assembly, in accordance with the present disclosure, the general
structure of the trocar assembly does not generally form part of the present invention. As such, a
person skilled in the art will certainly appreciate that the present seal assembly can be adapted
for use with a variety of trocar assemblies without departing from the spirit of the invention
disclosed herein. Further, although the seal assembly as disclosed is generally described as being
a duckbill seal assembly for a trocar assembly, a person skilled in the art will appreciate that the
designs discussed herein can be equally applied to any seal assembly, not just duckbill seal
assemblies, and other devices that utilize seal assemblies or similar type components in order to

at least partially block off one portion of a device from another, not just trocar assemblies.

[0028] Referring to FIGS. 1-3, a trocar assembly 100 can generally include a trocar cannula 102
and a trocar housing (or handle) 104. Further, the trocar cannula 102 can define an interior
lumen with an open proximal end portion and an open distal end portion. The proximal end
portion can extend into and be mounted in a distal end portion 104d of the trocar housing 104.
The trocar housing 104 can have an open proximal end portion 104p that can define a working
channel 106. In one embodiment, the working channel 106 can include a proximal seal assembly
108 at least partially positioned therein. In an exemplary embodiment, the working channel 106
can further include a duckbill seal assembly 10, 10', also at least partially positioned therein. As
shown, for example, in FIG. 3, the duckbill seal assembly 10 is positioned distal to the proximal
scal assembly 108 and allows for selective sealing of the working channel 106 of the trocar
housing 104. A person skilled in the art will recognize that while in an exemplary embodiment

two seal assemblies are provided in the working channel 106, in other embodiments one seal
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assembly, or more than two seal assemblies, can also be used in the trocar assembly 100.
Further, the proximal seal assembly 108 and the duckbill seal assembly 10, 10' can be secured
into a desired position, at least partially within the working channel 106 in a variety of ways,
such as, by snap-fitting a crown ring 110 and a gasket ring 112 together, and then securing the
gasket ring 112 to the trocar housing 104. A gasket retainer ring 114 can further secure the
attachment between the gasket ring 112 and the trocar housing 104. In one embodiment the
trocar housing 104 can further include a stop cock valve 116 and a stop cock valve lever 118,
which can work together to allow and/or prevent passage of an insufflation fluid or gas, e.g.
carbon dioxide, through flexible tubing into a portion of the trocar housing 104 and the trocar

cannula 102.

[0029] The proximal seal assembly 108 can be adapted to cooperate with an exterior of any
instrument inserted at least partially through the trocar cannula 102 such that it can sealingly
engage the exterior of the instrument and thus can prevent the passage of fluids through the
trocar housing 104 when the instrument is present within the trocar assembly 100. All sorts of
instruments, although primarily surgical instruments, can be inserted at least partially through the
trocar cannula 102. One example of such an instrument is an endoscope or a similar device that
enables visualization during minimally invasive surgical procedures. One skilled in the art will
recognize that many other instruments are known for insertion into at least a portion of the trocar
cannula 102, and accordingly, that the proximal seal assembly 108 can likewise sealingly engage

the exterior of those instruments as well.

[0030] Referring broadly to FIGS. 4-13, a duckbill seal assembly 10, 10' can generally include a
seal body 12, 12' with a proximal end 12p, 12p' and a distal end 12d, 12d', a longitudinal axis L,
L' (FIGS. 6 and 11) extending through the seal body 12, 12', and a transverse plane substantially
perpendicular to the longitudinal axis L, L'. The seal body 12, 12' can be configured to
selectively open the seal assembly 10, 10" in response to an object being inserted into the seal
body 12, 12'. Further, the proximal end 12p, 12p' of the seal body 12, 12' can include a
circumferential flange 14, 14' extending beyond a width of the seal body 12, 12'.

[0031] In one embodiment, the seal body 12, 12' can be a unitary structure. In another

embodiment, the seal body 12, 12' can include a plurality of opposed seal elements. In the
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illustrated embodiments, two seal elements 16, 16', 18, 18’ comprise the seal body. In other
embodiments, three or more seal elements can form the seal body. The seal elements 16, 16, 18,
18' can extend distally at an acute angle with respect to the transverse plane from the proximal
end 12p, 12p' of the seal body 12, 12'. The seal elements 16, 16", 18, 18' can include a central
portion 20, 20" and a peripheral portion 22, 22", as well as inner surfaces 24, 24' and outer
surfaces 26, 26'. In some embodiments, one or more ribs 28, 28', or other protruding structures,
can be associated with the inner surfaces 24, 24' to provide a variety of advantages including
added stability, as is known to those skilled in the art. In an exemplary embodiment the inner
surfaces 24, 24' of the seal clements 16, 16', 18, 18', can meet at the distal end 12d, 12d' of the
seal body 12, 12" to form a seal face 30, 30", and further, the seal body 12, 12' and/or the seal
elements 16, 16', 18, 18' can generally be configured to selectively open and substantially close

the seal face 30, 30"

[0032] In one aspect, inner surfaces 24, 24' of seal elements 16, 16°, 18, 18’ are configured such
that they can selectively promote movement of fluid away from the central portion 20, 20' of the
seal body 12, 12' and toward the peripheral portion 22, 22' of the seal body 12, 12'. While a
variety of configurations can be used to achieve this design goal, in one embodiment the central
portion 20, 20' can be positioned such that it is more proximal than the peripheral portion 22, 22'.
In other words, central portion 20, 20’ is raised proximally relative to the peripheral portion 22,

22",

[0033] Before discussing the two illustrated embodiments in further detail, it should be noted
that although the illustrated embodiments include the seal assembly 10, 10" with the seal body
12, 12" and the seal elements 16, 16, 18, 18", a person skilled in the art will recognize that the
features as discussed herein can be easily adapted for use in a unitary seal body. However, for
case of reference, the invention will be described in the context of a seal assembly that includes a

seal body 12, 12' with seal elements 16, 16', 18, 18"

[0034] FIGS. 4-8 illustrate one embodiment as a seal assembly 10 that has inner surfaces 24 of
the seal elements 16, 18 configured to selectively promote movement of fluid away from the
central portion 20 of the seal elements 16, 18 and toward the peripheral portion 22 of the seal

elements 16, 18 at the seal face 30. In this embodiment the central portion 20 is more proximally
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positioned than the peripheral portion 22. Moreover, the inner surfaces 24 of each of the seal
elements 16, 18 extend in a substantially linear manner from the central portion 20 to the
peripheral portion 22 at the seal face 30. The height separation H; (FIG. 8) between the
proximal most portion of the seal elements 16, 18 at the central portion 20 and the distal most
portion at the peripheral portion 22 can vary. Generally, however, the height separation H; can
be in the range of about 0.050 to 0.250 inches. In an exemplary embodiment, the height
separation H; is about 0.128 inches. Because in this embodiment, the inner surfaces 24 of seal
clements 16, 18 extend in a linear manner, the orientation of the inner surfaces can also be
expressed as an angle. Although the angle at which the inner surfaces slope towards the
peripheral portion 22 of the of the seal element can vary, the angle with respect to horizontal is

generally in the range of about 10° to 25°. In an exemplary embodiment the angle is about 14°.

[0035] FIGS. 9-13 illustrate another embodiment in which the seal assembly 10" has an arced
configuration such that inner surfaces 24' of the seal elements 16', 18" are configured to
selectively promote movement of fluid away from the central portion 20' of the seal elements 16/,
18" and toward the peripheral portion 22' of the seal elements 16", 18' at the seal face 30'".
Although functionally similar to the embodiment shown in FIGS. 4-8, the embodiment of FIGS.
9-13 features a curved inner surface of the seal elements rather than one that is linearly oriented
as in FIGS. 4-8. More specifically, the central portion 20' is more proximally positioned than the
peripheral portion 22'. As shown, the inner surfaces 24' of each of the seal elements 16', 18’
extend in a substantially arcuate manner from the central portion 20' to the peripheral portion 22
at the seal face 30'. In one embodiment, a height separation H, (FIG. 13) between the central
portion 20' and the peripheral portion 22’ of the seal body 12'is in the range of about 0.050 to
0.250 inches. In an exemplary embodiment, the height separation H; is about 0.155 inches.
Because in the embodiment of FIGS. 9-13 the inner surfaces 24' extend in a substantially arcuate
manner, a radius of the resulting arc can be measured. Although, the radius can vary, the radius

can be in the range of about 0.5 to 1 inch. In an exemplary embodiment, the radius is about

0.772 inches.

[0036] Referring again to FIGS. 4-13, the distal end 12d, 12d' of the seal body 12, 12' can
include one or more channels 32, 32' in peripheral regions 24, 24’ of seal that can receive fluid

moved away from the central portion 20, 20". One skilled in the art will recognize that other
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mechanisms that can retain, store, and/or remove fluid that is moved away from the central
portion 20, 20" out of the seal assembly 10, 10' can also be casily adapted for use in the seal
assembly 10, 10'. By way of non-limiting examples, fluid can be directly drained from the seal
assembly 10, 10" as it is removed from the central portion 20, 20', or alternatively, the seal
assembly 10, 10’ can include a suction tube that is able to evacuate fluid out of the seal assembly
10, 10". As illustrated in FIGS. 9-13, the seal body 12' can also optionally include one or more
chamfers 34' located at the distal end 12d' of the seal body 12'. At least one advantage provided
by the chamfers 34' is that they can prevent fluid from becoming trapped in corners of the
channels 32'. In the embodiment illustrated in FIG. 13, the chamfers 34" are formed at about a 15
degree angle, although a variety of angles can be used with the chamfers 34' to achieve similar
results. It is understood that chamfers can also be included in the seal body 12 illustrated in
FIGS 4-8, as well as in other designs of seal assemblies that fall within the scope of this

disclosure.

[0037] Additional features that enhance the performance of the seal assembly 10, 10' can also be
incorporated into the devices as disclosed herein. For example, in one embodiment, the seal
elements 16, 16, 18, 18' can include multi-angled surfaces, as more thoroughly discussed in
United States Publication No. 2005/0077688 of Voegele et al., filed on September 17, 2004 and
entitled “Multi-Angled Duckbill Seal Assembly,” which is hereby incorporated by reference in

its entirety.

[0038] The seal body 12, 12' can be made out a wide variety of materials. For example, in an
exemplary embodiment, the seal body 12, 12' can be made of a polymer such as an elastomer,
including, for example silicone or polyisoprene. A person skilled in the art will appreciate other
materials can be used in the formation of the seal assembly 10,10', and particularly the seal body

12, 12" and/or the seal elements 16, 16', 18, 18'.

[0039] Further, although two different geometric designs are illustrated herein as exemplary
embodiments, a person skilled in the art will appreciate that there are a variety of other designs
that can also be incorporated into the seal assembly 10, 10' that can selectively promote
movement of fluid away from the central portion 20, 20' of the seal elements 16, 16', 18, 18'

toward the peripheral portion 22, 22' of the seal elements 16, 16", 18, 18' at the seal face 30, 30'.

-10-
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Similarly, the dimensions disclosed herein provide a range of possible dimensions for use in the
exemplary embodiments, but a person skilled in the art will appreciate that other dimensions can
be used in similar devices to achieve similar results. Many factors can affect design choices
related to the geometries, shapes, dimensions, and materials selected for use in a similar seal
assembly, such as the intended use, the ease of manufacturing, and the design of other assemblies
that will be used in conjunction with the seal assembly 10, 10'. It is understood that geometries,
shapes, dimensions, and materials not specifically disclosed herein do not depart from the spirit
of the disclosed devices. Additionally, to the extent that linear or circular dimensions are used in
the description of the disclosed device, such dimensions are not intended to limit the types of
shapes that can be used in the seal assembly. A person skilled in the art will recognize that an
equivalent to such linear and circular dimensions can easily be determined for any geometric
shape. In a similar vein, although the designs disclosed herein illustrated a symmetrical design,
in other embodiments, a non-symmetrical design can be used. Likewise, in one embodiment, a
seal assembly can include at least one inner surface of a seal element that extends in a
substantially linear manner from a central portion to a peripheral portion of the seal element at a
seal face and at least one inner surface of a scal element that extends in a substantially arcuate

manner from a central portion to a peripheral portion of the seal element at the seal face.

[0040] One skilled in the art will appreciate further features and advantages of the invention
based on the above-described embodiments. Accordingly, the invention is not to be limited by
what has been particularly shown and described, except as indicated by the appended claims. All
publications and references cited herein are expressly incorporated herein by reference in their

entirety.

[0041] What is claimed is:

-11-
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CLAIMS:

1. A seal assembly for use in a trocar assembly, comprising:

a seal body having proximal and distal ends with a longitudinal axis extending
therethrough and a transverse plane substantially perpendicular to the longitudinal axis; and

a plurality of opposed seal elements extending distally at an acute angle with respect to
the transverse plane from the proximal end of the seal body, the opposed seal elements having
inner and outer surfaces and meeting at a seal face at the distal end of the seal body, the seal
elements being configured to selectively open and substantially close the seal face,

wherein the inner surfaces of the seal elements are configured to selectively promote
movement of fluid away from a central portion of the seal elements toward a peripheral portion

of the seal elements at the seal face.

2. The seal assembly of claim 1, wherein the central portion of each of the inner surfaces of
the seal elements is at a more proximal position than the peripheral portion of the seal elements

at the seal face.

3. The seal assembly of claim 2, wherein the inner surfaces of each of the seal elements
extend in a substantially linear manner from the central portion to the peripheral portion of each

of the seal elements at the seal face.

4. The seal assembly of claim 2, wherein the inner surfaces of each of the seal elements
extend in a substantially arcuate manner from the central portion to the peripheral portion of the

seal elements at the seal face.

5. The seal assembly of claim 4, wherein an arc extending across the peripheral portion of
cach of the inner surfaces of the seal elements and through the central portion of each of the seal

elements has a radius in the range of about 0.5 to 1 inches.

6. The seal assembly of claim 1, wherein the seal body further comprises one or more
channels formed in the distal end thereof and in communication with the inner surfaces to

receive fluid moved away from the central portion of the seal elements.

7. The seal assembly of claim 1, wherein the seal assembly is a duckbill seal assembly.

-12-
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8. The seal assembly of claim 1, wherein the seal assembly has two seal elements.

9. A seal assembly for use in a trocar assembly, comprising:

a scal body configured to selectively open the seal assembly in response to an object
being inserted into the seal body, the seal body having an inner surface and proximal and distal
ends,

wherein the inner surface of the seal body is configured to selectively promote movement

of fluid away from a central portion of the seal body toward a peripheral portion of the seal body.

10. The seal assembly of claim 9, wherein the central portion of the seal body is at a more

proximal position than the peripheral portion of the seal body.

11. The seal assembly of claim 10, wherein the inner surface of the seal body extends in a

substantially linear manner from the central portion to the peripheral portion of the seal body.

12. The seal assembly of claim 10, wherein the inner surface of the seal body extends in a

substantially arcuate manner from the central portion to the peripheral portion of the seal body.
13.  The seal assembly of claim 10, wherein the seal assembly is a duckbill seal assembly.

14. A trocar assembly, comprising:
a housing having a cannula extending therefrom, the housing and the cannula defining a
working channel sized and configured to receive a surgical instrument;
a scal assembly at least partially located in the working channel, the seal assembly
comprising:
a seal body having proximal and distal ends with a longitudinal axis extending
therethrough and a transverse plane substantially perpendicular to the longitudinal axis; and
a plurality of opposed seal elements extending distally at an acute angle with
respect to the transverse plane from a circumferential flange at the proximal end of the seal body,
the opposed seal elements having inner and outer surfaces and meeting at a seal face at the distal
end of the seal body, the seal elements being configured to selectively open and substantially
close the seal face,

wherein the inner surfaces of the seal elements are configured to selectively
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promote movement of fluid away from a central portion of the seal elements toward a peripheral

portion of the seal elements at the seal face.

15. The trocar assembly of claim 14, wherein the central portion of each of the inner surfaces
of the seal elements is at a more proximal position than the peripheral portion of the seal

elements at the seal face.

16. The trocar assembly of claim 15, wherein the inner surfaces of each of the seal elements
extend in a substantially linear manner from the central portion to the peripheral portion of each

of the seal elements at the seal face.

17. The trocar assembly of claim 15, wherein the inner surfaces of each of the seal elements
extend in a substantially arcuate manner from the central portion to the peripheral portion of the

seal elements at the seal face.

18. The trocar assembly of claim 14, further comprising a second seal assembly proximally
spaced from the first seal assembly, the second seal assembly being configured to selectively

open and substantially close.

19. The trocar assembly of claim 14, wherein the seal assembly is a duckbill seal assembly.

-14-
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