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SURGICAL ACCESS PORT

Cross-reference to related applications

This application claims the benefit of U.S. Provisional Application Nos.
60/726,825, filed Qctober 14, 2005, and 60/828,515, filed October 6, 2006, the
disclosures of which are hereby incorporated by reference as if set forth in full herein.

Backdground
Laparoscopic surgery is commonly performed using access ports or trocars,

which provide instrument access across an abdominal wall and into a gas pressurized
abdominal cavity. Trocar seals within the trocars allow instrument changes with no or
minimal loss in gas pressure. Such seals should be very durable even when
challenged by the insertion of sharp-pointed instruments. They should be capable of
accommodating a wide range of inserted instrumentation without leaking. They should
be nearly friction-free so that they do not interfere with the action of the instrument.
And they should not damage the inserted instruments. In addition, they should be cost-
effective and user-friendly, and not add to the complexity of a surgical procedure. Also,
due to the inherent limited confines of laparoscopic surgery, a continuing effort to
reduce facial defects and to reduce interference between trocars, smaller or compact
trocars are desirable while still providing the above-noted functionalities or enhanced
functionalities.

Laparoscopic surgery is an evolving modality. Significant changes in
instrumentation continue to challenge the trocar seals presently in use. Accordingly,
there remains a continuing need to extend the range, durability and sensitivity of trocar

seals.

Summary
Generally, the present invention .provides surgical access port or trocar with a

low-profile seal housing releasable from a cannula capable of accommodating an
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optical obturator. In one aspect, a surgical access port comprises a trocar seal housing
having at least one seal, a trocar cannula having a lumen, the at least one seal
arranged to seal the lumen and a trocar lock reieasably connecting the trocar cannula
to the seal housing and being one of slidably and piveotably connected to one of the
trocar seal housing and trocar cannula.

In one aspect, a surgical access port comprises a trocar seal housing having an
instrument seal, a zero seal and an alignment channel with a generally funneled entry.
The zero seal is fixed to the trocar seal housing and the instrument seal is positioned
between the alighment channel and the zero seal and is pivotably connected to the seal
housing and a trocar cannula is attached to the trocar seal housing.

In one aspect, a surgical access port comprises a frocar seal housing having an
instrument seal, a zero seal, a shield and an alignment channel with a generally
funneled entry. The zero seal is fixed to the trocar seal housing, the instrument seal is
positioned between the alignment channel and the zero seal and is connected to the
seal housing. The shield is positioned between the alignment channel and the
instrument seal and a trocar cannula is attached to the trocar seal housing.

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
FIG. 1 is a front view of a surgical access port in accordance with various

aspects of the present invention;
FIG. 2 is a side view of a surgical access port in accordance with various aspects

of the present invention;
FIG. 3 is a front view of a surgical access pori without an optical obturator in

accordance with various aspects of the present invention;
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FIG. 4 is a side view of a surgical access port without an optical obturator in
accordance with various aspects of the present invention;

FIG. 5 is a cross-sectional view faken along section lines 5-5 of FIG. 4 in
accordance with various aspects of the present invention;

FIG. 6 is an enlarged cross-sectional side view of a surgical access port without
an optical obturator in accordance with various aspects of the present invention;

FIG. 7 is front view of a trocar seal housing detached from a trocar cannufa in
accordance with various aspects of the present invention;

FiG. 8 is side view of a trocar seal housing detached from a trocar cannula in
accordance with various aspects of the present invention;

FIG. 9 is a cross-sectional side view of a surgical access port without an optical
obturator in accordance with various aspects of the present invention;

FIG. 10 is a perspective view of a lock ring in accordance with various aspects of
the present invention;

FIG. 11 is a cross-sectional side view of a surgical access port without an optical
obturator in accordance with various aspects of the present invention;

FIG. 12 is a perspective view of a lock ring in accordance with various aspects of
the present invention;

FIG. 13 is a perspective view of a lock ring in accordance with various aspects of
the present invention;

FIG. 14 is a perspective view of a lock ring in accordance with various aspects of
the present invention;

FIG. 15 is a perspective view of a lock ring in accordance with various aspects of
the present invention;

FIG. 16 is a side view of a surgical access port without an optical obturator and

partially shown cannula in accordance with various aspects of the present invention;



WO 2007/048083 PCT/US2006/060019

FIG. 17 is a cross-sectional side view of a surgical access port without an optical
obturator and partially shown cannula in accordance with various aspects of the present
invention;

FIG. 18 is a cross-sectional side view of a surgical access port without an optical
obturator and partially shown cannula in accordance with various aspects of the present
invention;

FIG. 19 is a side view of a surgical access port without an optical obturator and
partially shown cannula in accordance with various aspects of the present invention;

FIG. 20 is a cross-sectional side view of a surgical access port without an optical
obturator and partially shown cannula in accordance with various aspects of the present
invention;

FIG. 21 is a cross-sectional side view of a surgical access port without an opfical
obturator and partially shown cannula in accordance with various aspects of the present
invention;

FIG. 22 is a top view of a portion of socket lock in accordance with various
aspects of the present invention;

FIG. 23 is a perspective view of a socket lock in accordance with various aspects
of the present invention;

FIG. 24 is a perspective view of a socket lock in accordance with various aspects
of the present invention;

FIG. 25 is a perspective view of a partially shown trocar cannula in accordance
with various aspects of the present invention;

FIG. 26 is a perspective view of a trocar seal housing and socket lock in
accordance with various aspects of the present invention;

FIG. 27 is a perspective view of a return spring in accordance with various

aspects of the present invention;
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FIG. 28 is a cross-sectional side view of a surgical access port without an optical
obturator and partially shown cannula in accordance with various aspects of the present
invention;

FIG. 29 is a perspective view of a surgical access port in a locked condition
without an optical obturator and pattially shown cannula in accoi‘dance with various
aspects of the present invention;

FIG. 30 is a perspective view of a surgical access port in an unlocked condition
without an optical obturator and partially shown cannuia in accordance with various
aspects of the present invention;

FIG. 31 is a top view of a gate lock in accordance with various aspects of the
present invention;

FIG. 32 is a cross-sectional side view of a surgical access port without an optical
obturator and partially shown cannula in accordance with various aspects of the present
invention;

FIG. 33 is a cross-sectional top view of a surgical access port without an optical
obturator and partially shown cannula in accordance with various aspects of the present
invention;

FIG. 34 is a cross-sectional side view of a surgical access port without an optical
obturator and partially shown cannula in accordance with various aspects of the present
invention;

FI1G. 35 is a perspective view of lock levers in accordance with various aspects of
the present invention;

FIG. 36 is a cross-sectional side view of a surgical access port without an optical
obturator and partially shown cannula and seal housing in accordance with various
aspects of the present invention;

FIG. 37 is a cross-sectional side view of a surgical access port without an optical
obturator and partially shown cannula and seal housing in accordance with various

aspects of the present invention;
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FIG. 38 is a cross-sectional side view of a surgical access port without an optical
obturator and partially shown cannula and seal housing in accordance with various

aspects of the present invention;
FIG. 39 is a cross-sectional side view of a trocar seal housing in accordance with

various aspects of the present invention;
FIG. 40 is an exploded view of a {rocar seal housing in accordance with various

aspects of the present invention;
FIG. 41 is a cross-sectional side view of a trocar seal housing in accordance with

various aspects of the present invention;
FIGs. 42-43 are plan views of a trocar seal housing in accordance with various

aspects of the present invention;
FiGs. 44-45 are plan views of a trocar seal housing in accordance with various

aspects of the present invention;
FIG. 46 is a cross-sectional side view of a trocar seal housing in accordance with

various aspects of the present invention;
FIG. 47 is a front view of an optical obturator in accordance with various aspects

of the present invention;
FiG. 48 is a side view of an optical obturator in accordance with various aspecis

of the present invention;
FIG. 49 is an exploded view of an optical obturator in accordance with various

aspects of the present invention;
FIG. 50 is a front view of a surgical access port without an optical obturator in

accordance with various aspects of the present invention;
FIG. 51 is a side view of a surgical access port without an optical obturator in

accordance with various aspecis of the present invention;
FIG. 52 is a cross-sectional view taken along section lines 52-52 of FIG. 51 in

accordance with various aspects of the present invention;
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FIG. 83 is a cross-sectional side view of a frocar seal housing in accordance with
various aspects of the present invention:

FIG. 564 is a front view of a surgical access port in accordance with various
aspects of the present invention; and

FIG. 55 is a side view of a surgical access port in accordance with various

aspects of the present invention.

Detailed Description
A surgical access port, e.g., a trocar, which comprises a trocar seal housing, a

trocar cannula, and/or an optical obturator is provided. In this description, "proximal” or
"proximally" refers to that portion of the instrument, component, or element that extends
toward the user. "Distal" or “distally" refers to that portion of the instrument,
component, or element that extends away from the user. The trocar is configured to
access a body cavity and to maintain positive pressure at its distal end to prevent loss
of surgical insufflation gas such as carbon dioxide used, for example, in laparoscopic
procedures to insufflate the body cavity. The trocar seal and trocar cannula is also
configured to sealingly engage surgical instruments of various diameters, which would
typically be inserted through the trocar, to prevent loss of surgical gas during use of
such instruments. In one aspect, the trocar seal housing is releasably attachable to the
trocar cannula to allow the seal to be removed during surgery to enable the extraction
of tissue specimens through the trocar. The trocar in one aspect has or is included with
an optical obturator having a tip, which includes a smooth outer surface and has a high

degree of optical clarity.
Referring now to FIGs. 1-4, the frocar seal housing 3 in one aspect can be easily

detached or removed from the trocar cannula 5 and easily attached or re-attached fo
the trocar cannula § for example during a surgical procedure. During surgery, small
tissue specimens may be extracted from a body cavity through a trocar to enable
pathological analysis of the tissue specimen. The integrity of the tissue specimen can
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be maintained or the maintenance facilitated by avoiding or minimizing withdrawal of
delicate tissue specimens through a trocar seal. As such, in one aspect, the trocar seal
housing 3 is arranged to be removed from the trocar cannula 5 to enable extraction of
tissue specimens from a body cavity while maintaining the integrity of the tissue
specimen. The trocar seal housing 3 also easily reattaches to the trocar cannula 5 after
its initial removal during a surgical procedure.

Also, in one aspect, the trocar seal housing 3 is easily removable from the trocar
cannula 5 to enabie rapid desufflation of an insufflated body cavity. In one aspect, a
trocar lock releasably attaches the trocar cannula to the trocar seal housing. For
example, towards the end of a laparoscopic surgical procedure, release of the
insufflation gas such as carbon dioxide from the peritoneal cavity of the patient is
performed. By opening one or more stopcock valves on the trocar seal, desufflation
can be achieved. The flow rate through the stopcock vaives, however, can be slow with
regard to evacuation of the carbon dioxide from the peritoneal cavity and therefore the
time expended to evacuate the insufflation gas can be excessive. By removing the seal
housing 3 from the cannula 5, the cannula provides an unobstructed outiet for the
insufflation gas to escape thereby decreasing desufflation time.

In FIGs. 5-8, two cantilever arms 7 extend from the cannula 5 which engage
mating slots 9 on the trocar seal housing 3. Each of the cantilever arms 7 has a hook
7a on its distal end, which engages a ledge 13 on the trocar seal housing 3 when the
trocar seal housing 3 is attached to the trocar cannula 5. The hooks on the cantilever
arms maintain the axial position of the trocar seal housing on the trocar cannula and
prevent axial dislodgment of the trocar seal housing 3 from the trocar cannula 5.

The cantilever arms 7 in one aspect act as leaf springs resiliently attaching onto
the trocar seal housing 3. For example, during attachment of the trocar seal housing 3
onto the trocar cannula 5, the cantiIeVér arms 7 flex inward until the distal ends of the
cantilever arms reach slots 9 in the trocar seal housing 3. Once the distal ends of the

cantilever arms 7 reach the trocar seal housing slots 9, the cantilever arms 7 spring



WO 2007/048083 PCT/US2006/060019

outward such that the hooks 7a overhang the mating ledges 13 on the trocar seal
housing 3. When an axial force is applied to the frocar seal housing 3 relative o the
trocar cannula 5, the hooks 7a further engage the ledges 13 on the trocar seal housing
and do not allow removal of the trocar seal housing from the trocar cannula. As such,
in one aspect, a trocar lock comprises a pair of resilient arms 7 extending from
opposing sides of the trocar cannula 5 in a direction parallel to a longitudinal axis of the
cannula. The pair of resilient arms operationally engaging the pair of slots @ on
opposing sides of the trocar seal housing 3.

To remove the trocar seal housing 3 from the trocar cannula 5, finger tabs 7b
located on the mid-portion of the caniilever arms 7 are depressed causing the
cantilever arms to move inward resulting in the disengagement of the hooks 7a from the
housing ledges 13. The trocar seal housing 3 can thereby be removed from the frocar
cannula 5 by appiying an axial force to the trocar seal housing relative to the trocar
cannula. The cantilever arms 7 on the trocar cannula 5 also prevent or resist rotation of
the trocar seal housing relative to the trocar cannula 5. For example, the cantilever
arms 7 prevent the trocar seal housing 3 from being twisted off of the trocar cannula 5
during manipulation of the trocar. In one aspect, the trocar seal housing 3 is prevented
from being twisted off by tabs or extended portions 18a of the cannula 5 engaging
recesses or slots 18b in the seal housing 3. The trocar seal housing and cannula
attachment can aiso be threaded and/or bayonet lock connections to attach the trocar
seal housing 3 to the trocar cannula 5. However, inadvertently rotating the trocar seal
housing 3 relative to the trocar cannula 5 during manipulation of inserted
instrumentation or manipulation of connected insufflation gas tubing to the seal housing
may result in an unintended detachment of the trocar seal housing 3 from the trocar
cannula 5. An unintended detachment of a trocar seal housing from a trocar cannula
during a surgical procedure may result in a loss of insufflation gas, a loss of visibility of
the operative area, a delay in the procedure, and/or other potential surgical issues.
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The trocar cannula 5 in one aspect has a cannula seal or sealing ring 11
positioned in a groove, cavity or gland 12 at its proximal end which forms a seal with the
inside diameter of the trocar seal housing. In one aspect, a gland is an o-ring cavity
and includes the portion of the cavity, e.g., portions of the trocar cannula and/or
housing, that compress the o-ring to create a seal. In one aspect, the groove 12 in a
proximal end of the cannula substantially encircles an outer periphery of the cannula 5
and a seal or the sealing ring 11 is disposed in the groove 12. The sealing ring 11,
which in one aspect comprises of an o-ring with an “o” cross section, prevents ioss of
pneumoperitoneum between the trocar seal housing 3 and the trocar cannula 5. To
minimize the friction between the sealing ring 11 and the trocar seal housing 3, an x-
ring can be used rather than an o-ring. The x-ring has a generally “x” cross section and
minimizes the area of contact between the sealing ring and the irocar seal housing 3
resulting in a reduction of static and kinetic frictional forces. Reducing the frictional
forces between the sealing‘ring 11 and the trocar seal housing 3 reduces the axial force
utilized to attach and/or detach the trocar seal relative to the trocar cannula 5.

Referring now to FIGs. 9-11, a trocar lock ring 21 releasably connects the trocar
seal housing 3 to the trocar cannula 5. The lock ring 21 is shown simultanecusly in an
unlocked position on the left side of the trocar seal housing and a locked position on the
right side of the trocar seal housing 3 for simplicity and ease of discussion. The trocar
lock ring 21 in one aspect is substantially cylindrical and outlines a perimeter that
generally corresponds to the outer periphery of the trocar seal housing 3. The lock ring
21 positions the trocar seal housing between the lock ring and the trocar cannula. One
or more projections, protrusions or tabs 23 extend from the lock ring 21. In one aspect,
one or more rectangular tabs extend perpendicularly from an inner surface of the lock
ring 21 and the longitudinal axis of the trocar cannula 5. In a lock position, the tabs 23
extend through a corresponding aperture or slot 25 in the trocar seal housing 3 and into
a corresponding groove or cavity 27 in the trocar cannula 5 thereby securing the trocar
seal housing 3 to the trocar cannula 5. The groove 27 in the trocar cannula is adjacent
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to, e.g., below or away from the proxima! end of the trocar cannula 5, the groove 12 in
the trocar cannula holding the cannula seal 11. By moving or withdrawing the tab 23
out of the groove 27 in the trocar cannula 5, i.e., moving the lock ring 21 into an unlock
position, the trocar seal housing 3 is released or allowed to be removed from the trocar
cannula 5. In one aspect, the tab 23 is completely movable out of the groove 27 of the
trocar cannuia §, but is hot completely movable out of the corresponding aperture 25 in
the trocar seal housing 3. As such, in one aspect, a trocar lock comprises a ring 21
having a tab 23 inwardly extending towards a center of the ring 21. The trocar seal
housing 3 has an aperture 25 and the trocar cannula having a groove 27. The tab or
tabs are movable from a first position in which the tab is engaged with the aperture,
sized to receive the tab, in the trocar seal housing 3 and a second position in which the
tab is engaged with the aperture in the trocar seal housing and the groove, sized to
receive the tab, in the trocar cannula 5.

in one operational case, the lock tab 23 protrudes through the wall of the trocar
seal housing 3 and into the trocar cannula groove 27, locking the trocar seal housing 3
to the trocar cannula 6. To release the trocar seal housing 3 from the trocar cannula 5,
the locking ring 21 is manipulated in specific predetermined manner to prevent
accidental operation or unlocking of the trocar seal housing 3 from the trocar cannula 5.
The manipulation of the locking ring 21 causes the lock tab 23 to be directly or indirectly
withdrawn from the groove 27, thus allowing removal of the trocar seal housing 3 from
the trocar cannula 5.

The locking ring in one aspect is arranged with external grip tabs 29 flushed with
or extended on an outer surface of the lock ring 21 and positioned on opposing sides of
the ring. The grip tabs 29 in one aspect are also positioned on the outer surface of the
lock ring 21. In one operation, squeezing the tabs 29 together in the direction shown
deforms the lock ring 21 to a generally oval shape manipulates the locking ring and
causes withdrawal of the tabs 23 from the groove 27. The grip tabs 29 in one aspect
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are protected from accidental operation by being positioned under a ledge 28 projecting
from the trocar seal housing 3.
~ In one aspect, as shown in FIG. 12, the locking ring 21 is generally cylindrical
and close-fitting to the trocar seal housing 3 with the locking ring 21 having one or more
sections 22 forming a portion of the cylinder. One or more projections or tabs 23
extend from the one or more sections 22 of the locking ring 21 towards the seal housing
3. In one aspect, a portion of the locking ring 21 has three sections 22a,b,c each
connected successively to each other via living hinges, walls having curved cavities
allowing the sections to move away from the center of the locking ring 21. One of the
sections, section 22a is connected to the remaining portion 22d of the locking ring 21 at
about a mid-point of the remaining portion 22d and another section, section 22¢ is
connected to another end of the remaining portion 22d of the locking ring 21 near the
external or outer surface of the locking ring 21. The other section, section 22b is
connected between the two sections, sections 22a and 22c. One of the sections,
section 22a has a projection or tab 23 exiending perpendicularly from the section
towards the seal housing 3 to engage the seal housing aperture 25 and the cannula
groove 27. The other section, section 22¢, has grip tabs 24 extending from an outer
surface of the section 22¢. In one operation, as shown by the direction arrows, by
squeezing one of the sections, e.g., section 22¢, inwards towards the center of the
locking ring 21 causes the adjoining two sections, sections 22a,b to move or rotate
outwards away from the seal housing 3 and cannula 5, thereby puiling or withdrawing
the tab 23 from the cannula groove 27. As such, the trocar seal housing 3 is unlocked
or can be removed from the trocar cannula 5. '
in FIGs. 13-14, in one aspect, the locking ring 21 is rotatable closely around the
seal housing 3. The locking ring 21 has an axial split 26b and one or mere lock tabs 23
extending from the locking ring 21. The axial split provides for an easily molded part
with a single element per ring and allows the ring 21 to flex and thereby facilitate
rotation. The seal housing 3 in one aspect has a ramp 3a adjacent to the seal housing
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aperture 25 to facilitate rotation and thus withdrawal of the tab 23. Grip tabs 26a
extending along a portion or portions of the external surface of the locking ring 21
facilitates manipulation of the locking ring 21. The lock ring in one aspect is arranged
with multiple locai slots or slits 26¢ that create or act as a leaf spring 26d to flexibly hold
or bias the lock tabs 23 towards the seal housing aperture 25 and cannula groove 27.

In FIG. 15, the lock ring 21 in one aspect pivotls or tips about an axis 24a
perpendicular to the main or longitudinal axis 24b of the trocar cannula 5. One or more
pivot pins 26e extend from or into the locking ring 21 connecting the lock ring 21 to the
seal housing 3 and providing pivot points and a pivot axis generally perpendicular to the
longitudinal axis 5a of the trocar cannula 5. As the lock ring pivots or tips, as shown by
the direction arrow, for exampie, the lock fabs 23 extending therefrom engage or
withdraw the trocar cannula groove 27 and seal housing aperture 25, A grip tab 26f
extending from the external surface of the locking ring 21 assists in manipulating the
ring 21. In one aspect, a plurality of lock rings and associated tabs and grips or a
combination of lock rings described above are used to releasably secure the trocar seal
housing 3 to the trocar cannuia 5. As such, in one aspect, a trocar lock comprises a
ring 21 having a tab 23 inwardly extending towards a center of the ring 21. The trocar
seal housing 3 has an aperture 25 and the trocar cannula having a groove 27. The tab
or tabs are movable from a first position in which the tab is engaged with the aperture,
sized to receive the tab, in the trocar seal housing 3 and a second position in which the
tab is engaged with the aperture in the trocar seal housing and the groove, sized to
receive the tab, in the trocar cannula 5.

Referring now to FIGs. 16-18, the trocar cannula 5 with a seal 11, such as an o-
ring or x-ring, e.g., an elastomeric ring with an x-shaped cross-section, situated in a
groove 12 in the cannula 5 with a releasable bayonet lock 30 is shown. The cannula 5
also has one or more pins or tabs 33 that project radially out from an external surface of
the cannula away from the longitudinal axis of the cannula 5. The pins 33 engage slots
31 in the seal housing such that as the pins move within the slots, the cannula is
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rotated (approximately 90° or a quarier of one revolution). Once the cannula & has
been turned, the pins 33 are surrounded top and bottom, thus locking the cannula 5 fo
the seal housing 3. The slots 31 in one aspect starts with a ramped or curved opening
extending parallel to the longitudinal axis of the cannula and curving towards a
generally horizontal direction into a ramped end 31a with a small detent at the end of
the ramp.

A cannula seal in one aspect is arranged such that it is axially compressed as
the cannula rides up the ramp 31a. This adds friction, which helps prevent the cannula
5 and seal housing 3 from becoming separated unintentionally. However, with the
added friction, having to overcome this friction can cause removal of the trocar seal
housing from the trocar cannula to be difficult. A bayonet type attachment without
additional friction, such as provided by axial seal compression, can reduce the
effectiveness of preventing unintended detachment of the seal housing 3 from the
cannula 5 during surgery as the instruments are manipulated through the trocar.

In FIG. 19, the lock tab 35 prevents or resists rotation of the seal housing 3 and
thus guards against unintended detachment of the seal housing 3 from the trocar
cannula 5. As such, the lock tab 35 is manipulated before the seal housing can be
rotated and detached. In one aspect, the lock tab 35 is arranged as a leaf spring
integral to the seal housing 3 with a grip tab 38 exiending from the outer surface of the
lock tab 35. The lock tab 35 has a cavity arranged to engage the pin 33 exiending from
the trocar cannula 5 thereby securing the trocar seal housing 3 to the cannula 5. The
lock tab 35 is deflected distally, e.g., pivoted, towards slot 37 in the seal housing to
move the tab 35 out of the path of the pin 33 extending from the cannula 5. With the
lock tab 35 out of the path of the pin, the seal housing can be rotated and removed
from the cannula. As such, in one aspect, a trocar lock comprises a post or pin 33
extending from an external surface of the trocar seal cannula. A slot or slots 31,37 are
in the trocar seal housing and a resilient arm or lock tab 35 in the trocar seal housing 3
is adjacent to the slot or slots. The lock tab 35 is movable towards or in a longitudinal
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direction. As shown in FIG. 20, the lock tab 35 in one aspect comprises a plurality of
leaf spring latches 34 integral to the cannula 5 having one or more projections or tabs
32 also extending from the cannula 5. The latches are releasably engagable with the
apertures or slots 39 in the seal housing 3. The latches 34 are squeezed towards each
other, as shown for example by the direction arrows, using grip tabs 36 moving the
projections 32 out of the slots 39 in the seal housing 3 and thereby allowing the seal
housing to rotate and be removed from the cannula 5.

Referring to FIG. 21, the trocar cannula § with a seal 11, such as an o-ring or x-
ring, situated in a groove 12 in the cannula with a releasable socket lack 40 is shown.
In one aspect, the cannula 5 has a plurality of apertures or slots or similarly situated
groove 27 adjacent to the sealing groove 12 in the cannula 5. Socket lock 40 engages
the apertures or groove in the cannula 5 to releasably secure the trocar seal housing 3
with the cannula 8.

In one aspect, the socket lock 40 comprises a plurality of generally circular or
cylindrical beads or balls 43. One or more balls 43 protrude through the seal housing 3
and into the cannula groove 27, securing the trocar seal housing 3 to the trocar cannuia
5. The balls 43 are heid in position by a close fit coliar 41. The collar 41 is arranged
with two inside diameters 42a,b such that when the collar is moved axially 43, the balis
are free to retract into the larger of the two inside diameters 42b, freeing the attachment
of the seal housing 3 from the cannula 5. In one aspect, the collar is generally
cylindrical having a first proximal portion 44a with a first diameter 42a and a second
distal portion 44b with a second diameter 42b. The first diameter 42a generally
corresponds o the diameter of the proximal end of the cannula and is smaller than the
second diameter 42b. The second portion 44b is farther away from the proximal end of
the cannula 5 than the first portion 44a of the collar 41. The collar 41 in one aSpect
comprises a ramp 44c connecting the two portions 44a,b and thus the inside diameters
42a.b which assists or facilitates the balls from moving or driving inwardly to the locked
position when the collar is moved back to the original position. A retum spring 45
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axially in-line with a longitudinal axis of the trocar cannula 5 and connected to collar 41
provides a force to bias the collar towards the lock position thereby providing protection
against unintended operation and automatic closure or locking of the seal housing 3
onto the cannula 5. As such, in one aspect, the trocar fock comprises a collar 41 and a
plurality of balls 43 connected to the collar 41. The balls 43 are engagable with
corresponding apertures in the trocar seal housing 3 and the trocar cannula 5. A return
spring 45 connected to the collar 41 biases the collar 41 towards a distal end of the
trocar cannula 5.

In one aspect, a third or additional proximal portion 44d of the collar 41 along
with projections 46a from the seal housing 3 secure the return spring 45 to the coliar
and the seal housing 3. A retainer 46b, such as a snap or split ring, in conjunction with
the second or distal portion 44b of the collar 41 secures the collar 41 to the seal
housing 3 and the balls 43 when positioned in contact with the second portion 44b.
Grip tabs 47 in one aspect extend from an outer periphery of the collar to facilitate
manipulation of the collar 41. Ramps or cuts 48 adjacent to or part of the apertures 49
of the seal housing 3 facilitate movement of the balls 43 into the locking position or
engagement with the seal housing 3.

in one aspect, the balls 43 are loose secured between the collar 41 and seal
housing 3. The balls 43 are spaced from each other along a perimeter around the
cannula to provide additional strength and reduce unwanted motion. The lock balls 43
in one aspect are spherical, cylindrical, barrel-shaped or otherwise curved. The balls in
one aspect are equally spaced or irregularly or randomly spaced. Positioning the balls
towards each other, for example, providing two sets of two balls, however can assist in
plastic molding operations as this eliminates or reduces the need for slides, which can
simplify the mold of the trocar cannula 5 with apertures 27’ as shown in FIG 22. In one
aspect, the balls are provided as a molded ring 143 incorporating generally spherical,
cylindrical, barrel-shaped or generally curved components 43’ movable as loose balls
as shown in FiGs. 23-24. Such a molded ring can reduce cost and aid in assembly
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operations. As such, a ring 143 in one aspect connects the plurality of balls 43 to each
other.

In one aspect, the socket lock 40 engages a plurality of discrete apertures 27’ in
the cannula 5 as shown in FIG. 25 instead of a continuous groove 27. As such, the
bails 43 when engaged with the apertures 27’ would be locked rotationally as well as
axially. However, a continuous groove avoids having to orientate or align the lock with
the cannula to first mate the components together.

In one aspect, to protect against unintended operation, a second motion is
utilized before the collar 41 is retracted axially. As such, in one aspect, a laich is
depressed before the collar 41 can be moved and, in one aspect, the collar 41 is first
rotated before being able to be withdrawn axially. [n FIG. 26, the collar 41 has one or
more tabs 144 extending from the collar parallel to the longitudinal axis of the cannula
5. The coliar 41 ftraveis or rotates within a grocove or channel 148b to
engage/disengage slots 14%9a in the seal housing 3 or a slots 149a in a ledge extending
from the outer periphery of the seal housing 3. In one aspect, the groove 149b extends
along the periphery of the collar 41. As such, fo first activate the release or unlocking of
the seal housing 3 from the trocar cannula 5, the collar 41 is rotated to align the tabs
144 with the slots 149a to allow axial movement of the collar 41. Axially movement of
the collar 41 subsequently allows the releasing of the seal housing 3 from cannuia 5.
Grip tabs 145 in one aspect extending from the collar 41 in-line or adjaceh‘t to the tabs
144 facilitate movement of the collar 41.

In one aspect, the return spring 45 also acts as a torsion spring when the collar
is rotated before it can be retracted. For example, the spring is of a wound wire
construction or a molded plastic part. In one aspect, the return spring 45 comprises a
single large coil spring providing two biases, axially and rotationally, as shown for
example by the direction arrows in FIG. 27 or multiple springs arranged axiaily at
intervals around the inside of the collar. Multiple springs in one aspect are arranged to
deflect sideways when the collar is rotated, thus acting as a torsional return spring.
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Referring to FIGs. 28-30, the trocar cannula 5 with a seal 11, such as an o-ring
or x-ring, situated in a groove 12 in the cannula 5 with a gate lock 50 is shown. In one
aspect, the gate lock 50 engages a pair of parallel grooves 27 in the cannula 5. The
gate lock 50 is - a generally-flat plate-51 with-a keyhole-shaped aperture 53-through-the -
plate. The keyhole-shaped aperture has a narrow portion 53a and wide portion 53b.
As such, in one aspect, the frocar gate lock 50 comprises a substantially flat plate 51
having a keyhole slot 53 with a first aperture 53a being smaller than a second aperture
53b. The gate lock 50 slides from side to side in relation to the longitudinal axis of the
trocar cannula 5. When the narrow portion 53a of the gate lock 50 engages the trocar
seal housing 3, portions of the flat plate 51 or substantially planar tabs extending from
the plate engage the groove 27 in the trocar cannula 5 thereby securing the trocar seal
housing 3 to the trocar cannula 5. By moving or sliding the gate lock 50 in the opposite
direction or exireme, the narrow portion 53a of the gate lock disengages the trocar
cannula 5 as the seal housing 3 is positioned in the wide portion 53b of the gate lock
50. The gate lock 50 remains engaged with the trocar seal housing 3 via, for example,
a groove or slot, but is removed or withdrawn from the groove 27 in the trocar cannula
5. Thus, the seal housing 3 can be removed from the trocar cannula 5. As such, the
flat plate of the gate lock 50 in one aspect is movable in a direction perpendicular to a
longitudinal axis of the trocar cannula from a first position in which the trocar seal
housing is within the first aperture 53a and a second position in which the trocar seal
housing is within the second aperture 53b. The flat plate 51 being in the first position
engages with an aperture in the trocar seal housing 3 and the groove in the trocar
cannula 5 and in a second position in which the flat plate 51 is engaged only with the
aperture in the trocar seal housing 3.

In one aspect, the gate lock 50 is fitted with a return spring or detents to bias the
gate lock 50 to one position, e.g., locked, versus another position, e.g., unlocked. In
one aspect, the aperture 53 in the gate lock is generally round or oval in shape with one
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or more projections or detents 55 extending to the center of the gate lock as shown in
FIG. 31.

Referring to FIGs. 32-33, the trocar cannula 5 with a seal 11, such as an o-ring
or x-ring, situated in a groove 12 in the cannula 5 with a lever lock 60 is shown. In one
aspect, the lever lock 60 engages a groove or slots 27 in the cannula 5 to secure the
seal housing 3 to the cannula 5, The lever lock 60 has one or more lever arms 63 with
one or more projections or tabs 61 operationally engaged with a corresponding groove
or slots 27 in the trocar cannula 5. The trocar seal housing 3 has a corresponding
apertures or siots 25 extending through a sidewall of the trocar seal housing 3. The tab
61 of lever Jock 60 when engaged with the groove 27 in the trocar cannula 5 through
the slot in the seal housing 3 secures the trocar seal housing to the cannula 5. The
lever arms 63 are attached to the seal housing via a pivot pin 65 extending from/to one
end of the lever arms 63 to/from the seal housing 3. Rotating or pivoting the lever lock
from out of a substantially horizontal position as shown for example by the direction
arrows causes the tab 61 of arm 63 to withdraw from the groove 27 in the trocar
cannula 5 and/or the aperture 25 in the trocar seal housing 3. Thus, the seal housing 3
can be released from the trocar cannula 5. In one aspect, the lever arms 63 are
arranged with a pivot axis 64a parallel to the longitudinal axis 62 of the cannula 5 or in
one aspect with a pivot axis 64b at 90 degrees to the cannula longitudinal axis 62 as
shown in FIG. 34. In one aspect, multiple lever locks are attached to the seal housing 3
and are arranged in like orientations or as mirror images as for example shown in FIG.
33. As such, in one aspect, the trocar lock 60 comprises at least one lever arm 63
pivotably movable relative to the trocar seal housing 3 and having a tab 61 extending
from the at least one lever arm. The at least one lever arm is movable from a first
position in which the tab engages with the aperture in the trocar seal housing 3 and the
groove in the trocar cannula 5 and a second position in which the tab 61 is engaged
only with the aperture in the trocar seal housing 3 or is substantially withdrawn from the

groove in the trocar cannula 5.
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Referring to FIG. 36, the trocar cannula 5 with a seal 11, such as an o-ring or x-
ring, situated in a groove 12 in the cannula 5 with a latch leck 70 is shown, In one
aspect, the latch lock 70 are twin leaf spring latches 71 integral or attached to the
cannula 5 with tabs or projections 77 that engage apertures or slots 25 in the seal
housing 3 to secure the seal housing 3 to the cannula 5. The latches 71 are
manipulated, e.g., squeezed, to withdraw the latches out of the slots 25 in the seal
housing thereby allowing the seal housing 3 to be detached from the cannula 5. Grip
tabs 73 extending from the latches 71 assist in manipulation, e.g., squeezing, of the
latches. As such, the trocar lock 70 comprises at least one latch with a tab 77, The at
ieast one latch is movable from a first position in which the tab 77 engages with the
aperture in the aperture in the trocar seal housing 3 and the groove in the trocar
cannula 5 and a second position in which the tab 77 is withdrawn from the groove in the
trocar cannuia 5.

In FIG. 37, the latch arm 71 has a bulbous head 75 that engages or springs into
a recessed area or curved cavity 25’ of the seal housing 3. The latch lock 70 in one
aspect accommodates both tensile and compressive loads between the seal housing 3
and cannula 5 and therefore serves to position the parts in relation to each other.
Additional secondary ledges or stops may also be used to further enhance the locking
of the seal housing 3 to the cannula 5. The radii or curve at the top and bottom of the
bulbous head 75 assists the latch lock 70 in engaging and disengaging, e.g., hook and
unhook, from the seal housing 3. The recess 25’ in the seal housing allows the iatch
lock 70 to be accessed without protruding from the seal housing 3. A release button
that protruded could be unintentionally squeezed during normal surgical procedures,
possibly resulting in unintended detachment of the seal housing 3 from the cannula 5,
The functional or manipulated area 78 of the latch lock 70 relative to the cannula 5, for
example, the area allowing the latch lock to flex, in one aspect is larger than the portion
of the seal housing 3 that contacts the cannula seal 12. In one aspect, the seal
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housing 3 inner walls are tapered, ramped or curved. As such, the cannula seal is
protected as the cannula 5 passes the latch slots or aperture 25’ in the seal housing 3.

In FIG. 38, the latch lock 70 has generally triangular shaped latch heads 79. The
triangular shaped latch heads 79 increase or assist in deflection of the latch lock 70
when mating the seal housing 3 and cannula 5. For example, the user would not need
to hold the latch open as the parts are mated. The flat bottom 76 of the latch lock 70
ensures a positive lock while requiring a minimum of clearance to achieve the lock. An
angled or overlapping latch can provide a more positive lock but may introduce more
travel or play between the cannula 5 and seal housing 3. The latch lock 70 comprises
of resilient or latches arms arranged external to the cannula seal lumen of the seal
housing. As such, the cannula seal 11 and locking tabs or heads are generally in the
same horizontal plane, resulting in a shorter seal to cannula joint. A shorter seal can
be desirable for cost and ergonomic considerations. The latch lock 70 is tensile
capable and as such the seal housing 3 is arranged to bottom out on the horizontal
portion 76 of the latches 71.

Referring now to FIGs. 39-40, trocar seal housing 3 holds or encloses an
instrument or septum seal 101 and a zero seal 103, €.9., a duckbill seal. The septum
seal 101 and the zero seal 103 are coaxially aligned with each other and a longitudinal
or central axis of the trocar cannula 5 and seal housing 3. The septum seal 101 has an
aperture with its center substantially in-line with the center of the trocar seal housing 3
and/or cannula 5. The septum seal 101 forms a seal to maintain pneumoperitoneum
around instruments inserted through the seal’s aperture while the zero seal 103 forms a
seal to maintain pneumoperitoneum when no instrumentation is present in the trocar
seal housing 3 and/or trocar cannula 5. The septum seal 101 in one aspect is free to
swing at its distal end in response to the insertion of instrumentation or in response to
the manipulation of inserted instrumentation. In one aspect, the septum seal
pendulates. For example, the septum seal at its distal end moves along generally
curved line or arc in response to the insertion of instrumentation or in respoﬁse {o the
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manipulation of inserted instrumentation. In one aspect, excess material, levers,
bellows, convolutions or other such means pivotally connect the instrument or septum
seal 101 to the trocar seal housing 3.

In one aspect, the zero seal 103 is fixed in place in contrast to the septum seal
101. In one aspect, the septum seal 101 is pivotally attached to the seal housing 3 and
substantially encompassed in the fixed zero seal 103. In one aspect, the zero seal 103
is a duckbill seal fixed to the trocar seal housing 3. As such, the zero seal 103 does not
swing or pendulate to a large degree, if any, relative to the septum seal 101. The zero
seal 103 in combination with the septum seal 101 enables the trocar to accommodate a
wide range of instrumentation diameters while minimizing the overall size of the trocar
seal housing and trocar cannula.

A pendulous septum seal 101 with a zero seal attached to the pendulous septum
seal can also be provided, such that pendent movement of the septum seal resulits in
pendent movement of the zero seal. However, such a pendent trocar seal configuration
can utilize a large amount of space to be accommodated within the trocar seal housing
3 and the trocar cannula 5 to enable the pendent movement of both the septum seal
and the zero seal. This may result in a trocar seal with a relatively large axial length
and overall diameter. The pendent septum seal 101 and a fixed zero seal 103 allows
the trocar seal housing 3 and trocar cannula 5 to be sized with a reduced axial length
and a reduced diameter relative to other trocar seals.

In one aspect, an instrument alignment channel 105 is juxtaposed to the septum
seal 101. The alignment channel 105 in one aspect is substantially fixed and/or rigid.
In one aspect, the alignment channel 105 is a long tubular channel, which extends from
the proximal opening of the trocar seal to above the aperture in the septum seal 101.
The alignment channei 105 serves to align or guide instrumentation during insertion and
manipulation. By aligning the instrumentation and restricting the degree to which
instrumentation can be manipulated, the alignment channel 105 decreases the
likelihood that instrumentation can catch, tear, or otherwise disrupt the sepium seal
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101. Also, the alignment channel being fixed restricts the degree to which an inserted
instrument can be manipulated. As such, the degree of pendulous movement utilized
to accommodate instrumentation with a wide range of diameters is decreased and also
the size of the trocar seal can be more compact.

The alignment channel 105 in one aspect also enables the size of the septum
seal aperture to be increased. For example, the aperture in the septum seal 101 is
sized to prevent cat-eye leakage during extreme lateral movement of the
instrumentation. However, with a fixed instrument alignment channel 105, which is
juxtaposed the septum seal 101, lateral movement of inserted instrumentation is
restricted and a pendulous septum seal 101 accommodates the small amount of lateral
instrumentation movement allowed by the alignment channel 105. As such, the
aperture in the pendulous septum seal can be enlarged and/or tolerances relaxed. The
increased diameter of the septum seal aperture resuits in a reduction in the drag force
produced during axial movement of inserted instrumentation. A reduction in
instrumentation drag force for trocar seals can aide with positioning of instrumentation
relative to the operative tissue. A reduction in instrumentation drag force also
decreases the likelihood that a trocar seal housing 3 and cannula 5 will be dislodged
from a body wall during withdrawal of an instrument. A reduction in instrumentation
drag force can also result in less fatigue for the surgeon, for example, during complex
surgical procedures.

In one aspect, the alignment channel 105 has a proximal end and a distal end.
The distal end extends into an outwardly tapered exit. In one aspect, the alignment
channel 105 has an enlarged diameter at its distal end. The enlarged diameter allows
for inversion of the septum seal 101 adjacent to the alignment channel 105 and
prevents binding of the septum seal between the alignment channel and an instrument.
For example, during withdrawal of an instrument, the septum seal 101 may invert and
pull into the alignment channel 105. In one aspect, if the alignment channel 105 is not
sufficiently sized, a binding or lock up effect may occur which can prevent further
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withdrawal of the instrument. The alignment channel 105 in one aspect has a first
diameter along its body portion 106a to align instruments and {o prevent excessive
lateral movement of the inserted instruments, The alignment channel 105 in one
aspect has a second diameter at its distal end 106b, which is larger than the first
diameter. The second diameter is sized such that it can accommodate a two wall
thicknesses of the septum seal and/or the largest instrument diameter that can pass
through the first diameter of the alignment channel. The axial length of the enlarged
diameter distal end 106b is sized such that the septum seal 101 can invert but not
extend into a body portion 106a of the alignment channel with a smaller diameter
portion of the alignment channel 105.

The alignment channel 105 in one aspect has an entry 107 at its proximal end
that aids with insertion of instrumentation and serves to guide instrumentation into the
alignment channel 105. In one aspect, the entry is generally funneled and/or tapered.
As such, in one aspect, the alignment channel 105 has a proximal end and a distat end.
The proximal end extends into an outwardly tapered entry. In one aspect, the tapered
entry has a diameter that is larger than the diameter of the outwardly tapered exit. In
one aspect, the entry has a matte finish or provides an anti-reflective or non-glare
finish, coating or layer. The anti-reflective entry prevents or reduces glare and/or light
from a laparoscope from being reflected back or towards the user. The entry in one
aspect has a guard rail 109 at the proximal portion of the entry. The guard rail 109 in
onhe aspect comprises a raised wall which generally encircles the top or external surface
of the entry extending parallel {o the longitudinal cannula axis from an end cap or wall
110 of the trocar seal housing 3. In one aspect, the trocar seal housing 3 has opening
in an end cap of the trocar seal housing and an alignment channel 105 extends from
the end cap 110, The septum seal 101 positioned between the alignment channel 105
and the zero seal 103. The zero seal 103 is adjacent to a proximal end of the cannula
5. In one aspect, the guard rail comprises a raised portion substantially outlining a
periphery of the generally funneled entry 107. In one aspect, the guard rail integrated
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with or separate from the entry 107 and is a raised portion subsiantially outlining a
periphery of an opening in a proximal end of the seal housing 3. The guard rail 109
provides a tactile hard stop to limit or prevent a surgeon from laterally sliding an
instrument out of the entry 107 or alignment channel 109 during insertion of an
instrument into the trocar seal housing 3.

Referring to FIG. 41, in one aspect, the pendulous septum seal 101 is protected
with a sleeve or shield 108 that is nested into the septum seal 101 and pivots with the
septum seal 101. The shield prevents instruments from cafching and/or tearing the
septum seal. The shield 108 can also prevent the septum seal from inverting during
instrument withdrawal and in one aspect is a polyethylene sleeve. The shield 108 can
also reduce the instrumentation drag force and in one aspect is used in combination
with the instrument alignment channel 105 The shield 108 in one aspect partially
surrounds the alignment channel 105. [n one aspect, the shield 108 is positioned
axially between the alignment channel 105 and the septum seal 101. In one aspect,
the shield 108 extends along the septum seal 101 between the alignment channel 105
and the septum seal 101.

In one aspect, a trocar seal housing 3 has a stopcock body 112. For exampie,
the trocar seal housing has an integrally luer fitting inlet or molded integral luer fitting
111 and a snap fitted stopcock body 112 The stopcock body 112 in one aspect
comprises a center bore and a lever. The tfrocar seal housing 3 with the integral luer
fitting 111 is injection molded with polycarbonate. The stopcock body 112 is injection
molded with polyethylene. The stopcock center bore in one aspect has a barb 114 at
its distal end, which engages with a shelf on the integral luer fitting 111 to secure the
stopcock body to the integral luer fitting. The trocar seal housing 3 in ohe aspect can
have a separately assembled stopcock/luer fitting, which is then bonded or
ultrasonically welded to the frocar seal housing 3 (e g., FIG, 42). However, as shown in
FIG. 41, with the trocar seal housing 3 with an integrally molded luer fitting and
stopcack body, bonding or welding the stopcock can be avoided thereby eliminating at
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least one assembly process and one molded component thereby reducing the overall
cost to produce the trocar seal. In one aspect, the integral luer fitting 111 is
incorporated with and extends from the trocar seal housing 3 in a first direction for a
first distance. The first direction is substantially perpe‘ndicular to a longitudinal axis of
the trocar cannula 5. The stopcock 112 has a central bore extending substantially
parallel te the longitudinal axis of the trocar cannula 5 and is fitted into the integral luer
fitting 111. The stopcock 112 also has a lever movable by a user and extends in a
second direction for a second distance. The first direction corresponds to the second
direction and the first distance corresponds to the second distance.

In one aspect, the trocar seal housing 3 has an aperture with a center positioned
along a first axis and is arranged to communicate gas to the trocar cannula 5. The first
axis is substantially perpendicular to a longitudinal axis of the trocar cannula. The
integral [uer fitting 111 has an aperture with a center positioned along the first axis and
is arranged to be coupled to an insufflation gas line. The stopcock 112 has a central or A
center bore that has a first aperiure with a center and a second aperture with a center.,
The center bore is movable from a first position to a second position. In the first
position, the center of the first aperture and the center of the second aperture are
substantially aligned with the first axis. In the second position, the center of the first
aperture and the center of the second aperture are out of alignment with the first axis.
Examples of trocars with stopcocks or configurable with stopcocks are described in US
Patent Application Nos. 10/264,550, filed October 4, 2002, 11/000,123, filed November
30, 2004, and 10/776,387, filed February 10, 2004, and US Provisional Patent
Application Nos. 60/529,455, filed December 12, 2003, 60/492,249, filed August 6,
2003, 60/312,683, filed August 14, 2001, the entire disclosures of which are hereby
incorporated by reference as if set in full herein. ,

In one aspect, as shown for example in FIGs. 44-46, a luer fitting is integrated
with a stopcock lever to form a spigot 120. With this configuration, the spigot 120 can
double as a handle. As such, the spigot 120 can rotate from a high profile position to a
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low profile position reducing the overall profile of the trocar seal. A reduced trocar seal
profile allows for greater manipulation of the trocar and enables trocars to be more
closely spaced on a body wall, For example, the trocar seal housing with an integrated
or combined stopcock lever and luer fitting provides a reduced “footprint” (plan view) or
the area taken up by the trocar.

In ocne example, in a laparoscopic surgery three to five trocar ports can be used.
Each trocar is provided with a stopcock. However, only one trocar has an open
stopcock with an insufflation line attached. The stopcocks on the other the trocar are
not used and are therefore closed. As shown for example in FIGs. 42-43, even though
the levers are in the closed position, however, the luer inlet fitting still extends outwardly
from the seal and so increases the space occupied by the trocar. In addition, the lever
may only be swung 90 degrees to either side and due to geometry conditions, the lever
still projects out from the trocar. As such, a closed stopcock can occupy more space
than an open stopcock as two objects project outwardly from the trocar. Also, a fixed
luer inlet fitting on a trocar can contact the patient's skin during extreme manipulation of
the trocar, which can restrict instrument manipulation or trauma to the skin.

In one aspect, a separate stopcock/iuer inlet assembly added to the trocar seal
housing can result with the stopcock protruding about 1 1/8” from an approximate 1”
diameter seal. This changes the footprint to an approximate 1” by 2 1/8” oval versus an
approximate 17 circle for a non-stopcock version. In one aspect, a trocar seal housing 3
integrates the stopcock bore and luer fitting inlet into the housing. This reduces the
overhang by about 4", reducing the footprint. Also, at least one part and at least one
assembly operation is eliminated. Overhang is also reduced to about 7/8” versus about
1 1/8”. In one aspect, a trocar seal housing 3 is provided which eliminates a fixed inlet
111 which protrudes from the trocar housing even when the valve lever is turned
parallel to the body of the trocar housing (off position). In cne aspect, the stopcock/inlet
assembly is transformed intc a combination lever and fitting, spigot 120. In the “off’
position, the spigot 120 protrudes about 3/8” or so from.1” diameter housing, as the
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spigot can be turned past about 90 degrees to lay alongside the housing. In one
aspect, the trocar cap traps the spigot in a valve bore when assembled. As such, a cap
ledge in one aspect is provided ahove the spigot.

The spigot 120 with a reduced profile, especially when it is not in use and
therefore closed, in one aspect, comprises a combined lever and luer inlet fitted to pivot
to the trocar seal housing 3. In the open position, the spigot extends directly outward
from the housing 3 and occupies an area similar but less than a stopcock and luer iniet
fitting. When the spigot 120 is swung to the closed position, it lies closely alongside the
trocar housing 3 and occupies a reduced area. In particular, no luer inlet fitting
protrudes outwardly from a closed and unused fitting. In one aspect, the spigot 120 is
fitted to a closed ended pivot bore 121 and is retained by a ledge 122 extending locally
from the seal housing 3 or an end cap of the seal housing 3. On the other end of the
spigot 120, an insufflation gas fitting end 125, e.g., a threaded end, operationally
connects fo an insufflation gas line. Near the closed ended pivot bore, a insufflation
outlet aperture or hole 126 provides gasecus communication between the inlet or
insufflation fitting end 125 and the cannula via associated apertures or channels
provided in the cannula 5 and seal housing 3. The opposing end of the closed ended
pivot bore has a pivot pin extending into the ledge 122 securing the spigot 120 in a
pivotable relation with the seal housing 3. A hole or aperture 127 may be provided on
the seal housing adjacent to spigot 120 to facilitate molding of the seal housing
components.

To prevent unintended rotation, in one aspect, one or more detents 123
engaging with a corresponding cavity 124 on the end cap or wall or extended ledge 122
are provided to retain the spigot 120 in a particular positions, e.g., open and closed. [n
one aspect, the lever is able to rotate more than 90 degrees so as io be positioned
more closely along the seal housing and therefore occupy as little space as possible.
With the spigot 120 swung over alongside the seal housing, skin contact is diminished.
:A‘s.'s’uch", in.one aspect, a pivotable spigot 120 is connected to the frocar seal housing ‘



WO 2007/048083 PCT/US2006/060019

-20.

3. The spigot 120 has an insufflation gas fitting on one end 125 and movable between
a first position to position the gas fitting extending away from and/or perpendicularly to a
longitudinal axis of the trocar cannula 5 and the trocar seal housing 3 and a second
position to position the gas fitting extending close to and/or positioned substantially near
the seal housing 3

Referring now to FiGs. 47-49, an optical obturator 10 in one aspect is configured
o separate muscle fibers and tissue during placement of the trocar across a body wall.
The trocar seal housing 3 and cannula 5 with the inserted obturator 10 is alternately
twisted back and forth as a small axial force is applied to traverse a body wall. The
cross sectional profile of the obturator tip is configured such that its width is greater
than its length. Rotation of the obturator causes muscle fibers and tissue to separate
along natural planes. The optical obturator 10 in one aspect is formed of a transparent
high-flow polycarbonate material to enable visualization of tissue fibers during traversal
across a body wall. Visualization can be achieved by inserting a laparoscope with an
attached camera into the inside diameter of the obturator. The tigsue is viewed through
the tip of the obturator as the trocar fraverses a body wail. In one aspect, a
laparoscope is allowed to be positioned within a portion of the obturator tip enhancing
visualization. In one aspect, the obturator 10 has a longitudinally extending lumen from
a proximal open end to a distal closed end. The lumen is sized and arranged to receive
a laparoscope and the obturator 10 is sized to be slidably movable in the lumen of the
frocar cannula 5.

In one aspect, the tip portion of the obturator is molded, The injection mold for
the obturator is configured such that the distal tip of the obturator, which in one aspect
is the portion that contacts and separates body wall tissue, does not include any mold
parting lines and/or injection molding gateé.. The tip 10a therefore is smooth with a high
degree of clarity and is free of any artifacts produced as a result of injection molding
such as parting line flash, parting iine mismatch, gate recesses, gate remnants, and
, gate_ blush. An optical obturator 10 with these artifacts from injection molding may
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catch body wall tissue such as the peritoneum. The image produced through the
optical obturator is also enhanced, as the tip of the obturator does not include parting
iines, a gate remnant, a gate recess, or gate biush, all of which may reduce the optical
clarity of an optical obturator.

Refetring now to FiGs. 50-55, the access port comprises a seal housing 3
releasably attached to a cannula 5. The seal housing 5 holds a pendulous septum seal
101, which has a convolution 115 of excess material at its proximal end. The
convolution 115 enables the septum seal 101 to pivot in response to the insertion of an
instrument such that the septum seal can align itself with the inserted instrument. The
convolution 115 also allows the septum seal 101 to pivot during off-axis movement of
an inserted instrument such that a seal is maintained between the septum seal 101 and
the inserted instrument. The septum seal 101 is designed with the convolution 115 such
that there are no undercuts on the part. By providing a part with no undercuts, the
septum seal 101 can be transfer molded with relatively simple multi-cavity mold tooling.
In one aspect, convolutions 115, excess material, levers, bellows, or other such means
pivotally connect the instrument or septum seal 101 to the trocar seal housing 3.

In one aspect, the trocar seal comprises a septum shield 116 adjacent to the
septum seal 101. The septum shield is arranged such that it abuts the distal portion of
the alignment channel 105. In one aspect, the septum shield 116 has a proximal flat
portion in contact with the alignment channel 105. This minimizes the axial movement
of the septum shield 116 during withdrawal of an inserted instrument. The septum seal
in one aspect comprises an annular rib positioned between the alignment channel 105
and the septum shieid 116. The annular rib for exampie abuts the distal portion of the
alignment channel 105 and extends perpendicular to the longitudinal axis of the trocar
cannula. The annular rib in one aspect holds the shield in place in the septum shield.
In one aspect, the septurh shield 116 partially surrounds the alignment channel. In one
aspect, the septum shield 116 is positioned axially. between the alignment channel and
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the septum seal 101. in one aspect, the septum shield 116 extends aiong the septum
seal 101 between the alignment channel 105 and the septum seal 101.

The septum seal 101 in one aspect is configured with varying wall thicknesses in
the convolution portion 115 of the seal 101 to minimize axial movement of the septum
seal 101 during the insertion or distal advancement of an instrument. For example, the
outer wall of the convolution 115 can be configured with a thicker wall than the inner
wall of the convolution 115. This would allow the septum seal 101 to pivot yet would
inhibit the axial movement of the septum seal 101 in the distal direction.

The septum seal 101 in one aspect has a plurality of radially spaced vertical ribs
on an outside wall or surface of the convolution 115. The radially spaced ribs allow the
septum seal 101 to pivot yet inhibits the axial movement of the septum seal 101 in the
distal direction. The mast proximal portion of the convolution 115 in one aspect is
arranged to have a thinner wall thickness than either the outer wall or the inner wall of
the convolution 115. This enables the septum seal 101 to easily pivot yet inhibits the
axial movement of the septum seal 101 in the distal direction. The convolution 115 in
one aspect comprises a piurality of radially spaced ribs, which would span the gap
between the outer wall of the convolution and the inner wall of the convolution. The ribs
would be thin enough fo allow the septum seal 101 to pivot yet would inhibit the axial
movement of the septum seal 101 in the distal direction. By minimizing or inhibiting the
axial movement of the septum seal 101 in the distal direction this allows or facilitates
the trocar seal to be arranged more compactly with a reduced overall height.

In various aspects, the trocar seal housing 3 has opening in an end cap 110 of
the frocar seal housing and an alignment channel 105 extends from the end cap 110.
The septum seal 101 is positioned between the alignment channel 105 and the zero
seal 103. The zero seal 103 is also adjacent to a proximal end of the cannuia 5. The
access port in one aspect comprises a seal housing 3, which is releasably attached to
the cannula 5 via for example cantilever snap arms 7 to enable removal of tissue
~.‘%specim:en$ and to enable rapid desufflation of a body cavity. Suture ties loops or eyes . .
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8 in one aspect are generally circular apertures extending from opposing sides of the
cannula 5. The access port in che aspect accommodates a biunt optical obturator
arranged to be used in conjunction with an inserted laparoscope to allow visualization of
tissue during traversal across a body wall. The optical obturator 10 in one aspect has a
laparoscope lock 10b arranged to allow rotation of the laparoscope within the obturator
while preventing axial movement of the laparoscope within the obturator.

The trocar seal housing 3 and cannula 5 in one aspect comprises multiple
components. The trocar cannula 5 is an injection molded polycarbonate. Attached to
the trocar cannula 5 is an EPDM (Ethylene Propylene Diene Monomer) O-ring seal. In
one aspect, the cannula seal 11 is over-molded seal comprising of silicone, KRATON,
styrene-ethylene/butylene-styrene, copolyester, copolyamide, thermoplastic rubber,
thermoplastic vulcanite, C-FLEX, or a thermoplastic elastomeric material molded into a
polycarbonate trocar cannula. The trocar seal housing 3 has an injection molded
polycarbonate housing, an injection molded polycarbonate cap, an injection molded
polycarbonate shield, a compression molded polyisoprene septum seal 101, a
compression molded polyisoprene duckbili valve 103, and an injection molded
polyethylene stopcock body 112, To assemble the trocar seal, the stopcock lever is
snap fitted into the integral luer fitting 111 of the housing 3. The duckbill valve 103 is
seated into the housing 3. The septum seal 101 is nested into the duckbill valve 103.
The cap is press fitted onto the housing 3. The assembled trocar seal housing 3 is snap
fitted onto the trocar cannula 5.

The optical obturator 10 in one aspect comprises three components; an injection
molded polycarbonate obturator shaift 10d, an injection molded polycarbonate knob
10c, and an injection molded polycarbonate scope lock 10b. The scope lock retains the
axial position of an inserted laparoscope. Assembly of the obturator in ane aspect
comprises snap ﬁfting the knob onto the obturator shaft. The scope lock snap fits onto
the knob.
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In one aspect, the trocar cannula 5 and o-ring are formed of reusable materials
enabiing autoclave sterilization and re-use of the cannula and o-ring. In one aspect, the
optical obturator shaft is formed of an extruded plastic tube or a metal tube. The tip
portion 10a is bonded to the tube or overmolded onto the tube. In one aspect, the zero
seal 103 is a double duckbill valve, a single duckbill, a gel seal, an overlapping flap
seal, and/or a slit seal. In one aspect, the septum seal 101 and the zero seal 103 may
be coated with parylene, silicone grease, mineral oil, glycerin, Teflon, silicone oil, or a
combination thereof to reduce instrument drag forces. The septum seal 101 and zero
seal 103 in one aspect is chlorinatied or plasma etched to reduce instrument drag
forces. '

[n various aspects, the trocar lock is arranged to resist axial forces directed to
separate the trocar cannula from the trocar seal housing. In one example, a trocar lock
has a tab extending from the trocar lock and is movable through an aperture in the
trocar seal housing 1o a groove in the trocar cannula. In one example, a trocar lock
extends from the trocar cannula and has a tab that is engagable with a slot in the trocar
seal housing. In various aspects, a trocar seal housing is provided which easily
attaches to and easily detaches from a trocar cannula, has a pendulous septum seal
with a zero seal, a fixed instrument alignment channel, a shield protecting the septum
seal, an instrument alignment channel with an enlarged space to aliow for inversion of
the septum seal, an optical obturator with a tip that has a high degree of optical clarity
and/or with an outer surface that is smooth, or any combination thereof. Examples of
pendulous seals are described in US Patent Application No. 10/264,550, filed October
4, 2002, the entire disclosure of which is hereby incorporated by reference as if set in
full herein. Examples of shielded septum seals are described in US Patent Application
No. 11/000,123, filed November 30, 2004, and US Provisional Patent Application No.
60/529,455, filed December 12, 2003, the entire disclosures of which are hereby
incorporated by reference as if set in full herein. Examples of optical obturators are
~described in US Patent Application No. 10/956,167, filed October 1, 2004, and US
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Provisional Patent Application No. 60/508,390, filed October 3, 2003, the entire
disclosures of which are hereby incorporated by reference as if set in full herein.
Although the present invention has been described in certain specific aspects,
many additional modifications and variations would be apparent to those skilled in the
art. It is therefore to be understood that the present invention may be practiced
otherwise than specifically described, including various changes in the size, shape and
materials, without departing from the scope and spirit of the present invention, Thus,
embodiments of the present invention should be considered in all respects as

llustrative and not restrictive.
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Claims:
1. A surgical access port comprising:

a trocar seal housing having at least one seal;
a trocar cannula having a lumen, the at least one seal arranged to seal the

lumen;
a trocar lock releasably connecting the trocar cannula to the seal housing and
being one of slidably and pivotably connected to one of the trocar seal housing and

trocar cannula.

2. The port of claim 1 wherein the frocar lock comprise a pair of resilient
arms extending from opposing sides of the trocar cannula in a direction parallel to a
longitudinal axis of the cannula and a pair of slots on opposing sides of the trocar seal
housing, the pair of resilient arms operationally engaging the pair of slots.

3. The port of claim 1 wherein the trocar lock comprises a ring having a tab
inwardly extending towards a center of the ring, the trocar seal housing having an
aperture sized to receive the tab and the trocar cannula having a groove sized to

receive the tab.

4 The port of claim 3 wherein the tab is movable from a first position in
which the tab is engaged with the aperture in the trocar seal housing and a second
position in which the tab is engaged with the aperture in the trocar seal housing and the

groove in the trocar cannula.

5. The port of claim 1 wherein the trocar lock comprises a post extending
from an external surface of the trocar seal cannula, a slot in the trocar seal housing and
a resilient arm in ihe’trocar seal housing adjacent to the slot, the resilient arm being

_movable in é} Io‘ngitu_d.inal direction.
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6. The port of claim 1 wherein the trocar lock comprises a collar and a
plurality of balls connected to the collar, the balls engagable with corresponding

apertures in the trocar seal housing and the trocar cannula.

7. The port of claim 6 further comprising a return spring connected {o the
collar biasing the collar towards a distal end of the trocar cannula.

8. The port of claim 7 wherein the collar has a groove extending along a

periphery of the collar.

9. The port of claim 6 wherein the coliar has a proximal portion having a first
diameter and a distal portion having a second diameter, the second diameter being

larger than the first diameter.

10.  The port of claim 6 further comprising a ring connecting the plurality of

balis to each other.

11.  The port of claim 1 wherein the trocar lock comprises a substantially flat
plate having a keyhole slot with a first aperture and a second aperture, the first aperture

being smaller than the second aperture.

12.  The port of claim 11 wherein the flat plate is movable in a direction
perpendicular to a longitudinal axis of the trocar cannula from a first position in which
the trocar seal housing is within the first aperture and a second position in which the

trocar seal housing is within the second aperture.
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13.  The port of claim 11 wherein the flat plate being in the first position
engages with an aperture in the trocar seal housing and a groove in the trocar cannuia
and a second position in which the flat plate is substantially withdrawn from the groove

in the trocar cannula.

14.  The port of claim 1 wherein the trocar lock comprises at least one lever
arm pivotably movable relative to the trocar seal housing and having a tab extending
from the at least one lever arm, the at least one lever arm movable from a first position
in which the tab engages with the aperture in the trocar seal housing and the groove in
the trocar cannula and a second position in which the tab is substantially withdrawn

from the groove in the trocar cannula.

15.  The port of claim 1 wherein the trocar lock comprises at least one latch
with a tab, the at least one latch movable from a first position in which the tab engages
with the aperture in the aperture in the trocar seal housing and the groove in the trocar
cannula and a second position in which the tab is withdrawn from the groove in the

trocar cannula.

16.  The port of claim 1 wherein the trocar lock is arranged to resist axial
forces directed to separate the trocar cannula from the trocar seal housing.

17.  The port of claim 1 wherein the trocar cannula has a groove in a proximal
end of the cannula substantially encircling an outer periphery of the cannula and a seal

disposed in the groove.

18.  The port of claim 17 wherein the seal is an elastomeric ring with an x-

shaped cross-section.
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19.  The port of claim 17 wherein the seal is an over-molded seal.

20. The port of claim 1 wherein the at least one seal comprises an instrument
seal and a zero seal, the instrument seal having an-aperture arranged to sealingly

engage inseried instruments.

21. The port of claim 20 wherein the frocar seal housing has opening in an
end cap of the trocar seal housing and an alignment channel extending from the end
cap, the instrument seal positioned between the alignment channel and the zera seal,

the zero seal being adjacent to a proximal end of the cannula.

22. The port of claim 21 wherein the alignment channel has a proximal end
and a distal end, the proximal end extending into an outwardly tapered entry and the
distal end extending into an outwardly tapered exit, the tapered entry having a diameter
larger than a diameter of the outwardly tapered exit.

22. The port of claim 21 further comprising a shield extending along the
instrument seal between the alignment channel and the instrument seal.

23. The port of claim 21 further comprising a shield partially surrounding the

alignment channel.

24. The port of claim 21 further comprising a shield positioned axially between
the alignment channel and the instrument seal.

25.  The port of claim 21 wherein the zero seal is a duckbill seal fixed to the

trocar seal housing.
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26.  The port of claim 1 further comprising an obturator having a longitudinally
extending lumen from a proximal open end to a distal closed end, the lumen being
sized and arranged to receive a laparoscope and the obturator being sized to slidably

move in the lumen of the trocar cannula.

27.  The port of claim 1 further comprising a pivotable spigot connected to the
trocar seal housing, the spigot having a insufftation gas fitting on one end and movable
between a first position to position the gas fitting extending away from the seal housing
and a second position to position the gas fitting extending close to the seal housing.

28.  The port of claim 1 wherein the trocar seal housing has opening in an end
cap of the trocar seal housing, the end cap having an outwardly tapered entry disposed
around the opening, the entry having a non-glare finish.

29. A surgical access port comprising:

a trocar seal housing having an instrument seal, 2 zero seal and an alignment
channel with a generally funneled entry, the zero seal fixed to the trocar seal housing
and the instrument seal positioned between the alignment channel and the zero seal
and being pivotabiy connected to the seal housing; and

a trocar cannula attached to the trocar seal housing.

30.  The port of claim 29 further comprising a cannula seal and wherein the
trocar cannula has a groove extending along a periphery of the trocar cannula, the

cannula seal being disposed in the groove,

31.  The port of claim 30 further comprising a trocar lock releasably attaching

the trocar cannula to the trocar seal housing.



WO 2007/048083 PCT/US2006/060019

- 40 -

32. The port of claim 29 further comprising a trocar lock having a tab
extending from the frocar lock and movable through an aperture in the trocar seal

housing to a groove in the trocar cannula.

33.  The port of claim 29 further comprising a trocar lock extending from the
trocar cannula having a tab engagable with a slot in the trocar seal housing.

34.  The port of claim 29 further comprising a raised portion substantially
outlining a periphery of an opening in a proximal end of the seal housing

35. The port of claim 29 further comprising a shield extending along the

instrument seal between the alignment channel and the instrument seal.

36. The port of claim 35 wherein the shield has a proximal flat portion in

contact with the alignment channel.

37.  The port of claim 29 further comprising a shield partially surrounding the

alignment channel.

38.  The port of claim 29 further comprising a shield positioned axially between

the alignment channel and the instrument seal.

39. The port of claim 29 wherein the generally funneled entry comprises a

non-giare finish.

40.  The port of claim 29 further comprising:
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a integral luer fitting incorporated with and extending from the trocar seal housing
in a first direction for a first distance, the first direction being substantially perpendicular
to a longitudinal axis of the trocar cannula;

a stopcock having a central bore extending substantially parallel to the
longitudinal axis of the trocar cannula and fitted into the integral luer filting and a lever
extending in a second direction for a second distance, the first direction corresponding
to the second direction and the first distance corresponding to the second distance.

41.  The port of claim 40 wherein the trocar seal housing has an aperture with
a center positioned along a first axis, the first axis substantially perpendicular to a
longitudinal axis of the trocar cannula, the integral luer fitting having an aperture with a
center positioned along the first axis, the stopcock central bore having a first aperture
with a center and a second aperture with a center, the stopcock center bore movable
from a first position and a second position, in the first position the center of the first
aperture and the center of the second aperture are substantially aligned with the first
axis, in the second position the center of the first aperture and the center of the second

aperture being out of alignment with the first axis.

42.  The port of claim 29 further comprising pivotable spigot having a
insufflation gas fitting on one end and movable from a first position in which the
insufflation gas fitting extends away from the trocar seal housing and perpendicularly to
a longitudinal axis of the trocar cannula and a second position in which the insufflation
gas fitting is positioned substantially near the trocar seal housing.

43. A surgical access port comprising:

a trocar seal housing having an instrument seal, a zero seal, a shield and an
alignment channel with a generally funneled entry, the zero seal fixed to the trocar seal
:housing, the in‘stru‘m’ent_seal,ppsitiqned between the alignment channel and the zero
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seal and being connected to the seal housing, and the shield positioned between the
alignment channel and the instrument seal; and
a trocar cannula attached to the trocar seal housing.

44,  The port of claim 43 further comprising a raised portion substantially

outlining a periphery of the generally funneled entry.

45.  The port of claim 43 further comprising means for pivotally connecting the

instrument seal to the trocar seal housing.

46.  The port of claim 43 wherein the shield partially surrounds the alignment

channel.

47.  The port of claim 43 wherein the shield is positioned axially between the

alignment channel and the instrument seal.

48.  The port of claim 43 wherein the septum seal is pivotally attached to the
seal housing and substantially encompassed in the fixed zero seal.

49.  The port of claim 43 wherein the generally funneled entry comprises a

non-glare finish.



WO 2007/048083 PCT/US2006/060019

1749




WO 2007/048083 PCT/US2006/060019

2/49

FIG. 3



PCT/US2006/060019

WO 2007/048083

3149

A e
K
=y
i Al
1}
Mg
R

- V\ﬂm_’flzﬁrﬂr.glivlrlln.vr \
e TR

11

J

=1

L
|

-
jon
N

]
Tz A
PO o P
11 — -~
Bl
ﬂ gl el et
LR
fw i

Q¢

FIG. 5

FIG. 4



PCT/US2006/060019

WO 2007/048083

4/49

1%

RS

=

N .7
i -
_ > -
N ~
b
: i
: :
N
"N ldm -
3 Rnsa M
[ N e : oo
0 I——— /
& ,\ THIITR 1
w -]
~~ N

FIG. 6



WO 2007/048083 PCT/US2006/060019

5/49

FIG. 7 FIG. 8



PCT/US2006/060019

WO 2007/048083

6/49

FIG. 9




WO 2007/048083 PCT/US2006/060019

7/49




WO 2007/048083 PCT/US2006/060019

8/49

FIG. 11




WO 2007/048083 PCT/US2006/060019

9/49




WO 2007/048083 PCT/US2006/060019

10/49

FIG. 13




WO 2007/048083 PCT/US2006/060019

11/49




WO 2007/048083 PCT/US2006/060019

12/49

FIG. 15




WO 2007/048083 PCT/US2006/060019

13/49

FIG. 16




WO 2007/048083 PCT/US2006/060019

14/49

FIG. 17




WO 2007/048083 PCT/US2006/060019

15/49

FIG. 18




WO 2007/048083 PCT/US2006/060019

16/49

FIG. 19




PCT/US2006/060019

WO 2007/048083

17/49




PCT/US2006/060019

WO 2007/048083

18/49

.“ _u..,ﬁm;}iv e m
|
WA

a | |
i .
L,/ L m/d,?i\vi
Y N A
A A
V!.W\\ M &\q/ﬂ\f\\&v\rﬁﬂi\\,}lﬁ, _
4] | 3 o |
o TS84
|
L]
~.:
j |
i

i¢ Old



WO 2007/048083 PCT/US2006/060019

19/49

FIG. 22




WO 2007/048083 PCT/US2006/060019

20/49

F1G. 23




WO 2007/048083 PCT/US2006/060019

21/49

FIG. 24




WO 2007/048083 PCT/US2006/060019

22749

-
g

et s e s 8



PCT/US2006/060019

WO 2007/048083

23/49

FIG. 26

< A 1
M/l/ / ,,. , !
//.., ..~ m., E: w._,w
) { S il
o Pl P
\ j P 3 R
“ . i
[ m [ { (I |
{ 1 | R
l i [
_ H ¢ m_ .H
i | RN
) £ fHi
i m \w \ m...«_M
% } ; ifl
\ . [y



PCT/US2006/060019

WO 2007/048083

24/49

FIG. 27

————— .

JR——

prian et § Rt e T

o p——

1 e S

"

"

e it

e
" .
¥ Tt e v e« 44 i s

i,

‘K:\'M_.__.wﬂ



WO 2007/048083 PCT/US2006/060019

25/49

FIG. 28




WO 2007/048083 PCT/US2006/060019

2649




WO 2007/048083 PCT/US2006/060019

27/49

FIG. 30




WO 2007/048083 PCT/US2006/060019

28/49

FIG. 31




WO 2007/048083 PCT/US2006/060019

29/49

FIG. 32




WO 2007/048083

30/49

PCT/US2006/060019



WO 2007/048083 PCT/US2006/060019

31/49

FIG. 34




WO 2007/048083 PCT/US2006/060019

32/49

FIG. 35




WO 2007/048083 PCT/US2006/060019

33/49

~5

It e N

FlG. 36

E 1
5
o
.
_}
-..;.-«—.-—-—.\_\
i

W

AN

i ;
{ i@

[FRESRe R 3 A

..*.MM:.;»;Z_\.:;;E:



WO 2007/048083 PCT/US2006/060019

34/49

" W by N

/-/’
Wlog ~
st
s
3w ,..JP‘;
ey

— - sy o - " yos . Y

FIG. 37

v
L 3
AN



WO 2007/048083

35/49

FIG. 38

PCT/US2006/060019

3
i #"‘.‘w-

| ] | - '"ZT
o — 76




WO 2007/048083 PCT/US2006/060019

36/49

FIG. 39



PCT/US2006/060019

WO 2007/048083

37/49

FIG. 40



WO 2007/048083 PCT/US2006/060019

38/49
109
- (o7
/ - {05
106a ==;—=5,;,_-:_a; —= é.:}oeb e Il 2. __/
. B -
iz i, NN /
n L= i /////'N . Z

iy . . : 7 % /: N N %/ L Jj/%
T 77
A/.' el - .
‘ Al 1)
L
_ {03

ol
— | 0%

FIG. 41



PCT/US2006/060019

WO 2007/048083

39/49

¢t Ol



PCT/US2006/060019

WO 2007/048083

40/49

¥ Old




WO 2007/048083 PCT/US2006/060019

41/49

FIG. 44




WO 2007/048083 PCT/US2006/060019

42149




PCT/US2006/060019

WO 2007/048083

43/49

e e
s,

e oo

|

9% "Old




WO 2007/048083 PCT/US2006/060019

4449

IF=, 7 105

'!:“;")I ‘
H v 7 foc<
= T T .

s 04

104

~ 10>

FIG. 47 | | FIG. 48



PCT/US2006/060019

WO 2007/048083

45/49

FIG. 49



WO 2007/048083 PCT/US2006/060019

46/49

\y

FIG. 50



PCT/US2006/060019

WO 2007/048083

47/49

110

N
~—
-~

FIG. 52

FIG. 51



PCT/US2006/060019

WO 2007/048083

48/49

105

107 /-
112
115 7

% }\J\\\\N

%
‘ /
y ‘ 2
p e P
e X2 AN A
e s Lo
g
”

..

101 k‘
116

FIG. 53



WO 2007/048083 PCT/US2006/060019

49/49
e 10b
/ 10b
= 10c
! | 1
fo— )
4 =
5 5
//\/ s
10a
/— gy 10a

FIG. 54 FIG. 55



THMBW(EF)

FARAO
EP1933733A2 K (2E)R
EP2006839446 iR

patsnap

2008-06-25

2006-10-16

HRIFRE(ERMR)AGE) NABETEIR
B (T M) A(F) B E57 R IFCORPORATION

HETHFERIA)AGE) RMABESTRFECORPORATION

[#R1 &% BB A MCGINLEY KIMBALL B
KAHLE HENRY
TAYLOR SCOTT V
JOHNSON GARY M
-3 PN MCGINLEY, KIMBALL, B.
KAHLE, HENRY
TAYLOR, SCOTT, V.
JOHNSON, GARY, M.
IPCH %S A61B17/34 A61B17/00
CPCoE= A61B17/3417 A61B17/3462 A61B17/3474 A61B2017/0046 A61B2017/00477 A61B2017/3464
A61B2017/347 A61M39/223 A61M2039/229 A61B17/0218 A61B17/3423 A61B2017/3419 A61M13/003
k54X 60/726825 2005-10-14 US
60/828515 2006-10-06 US
IAEBEE I3 Espacenet
BEGE)

RENNBEAGBOIEEH . EEHEREEHRHRENEEHE
g EEHEEEAU RN EEHEHRANEEHEERANNFE
EY, EEHHEBENFAKRE , UEFEEHFHILEEREFRAPE
RN FRRASEN A, EEHZHTETUTRBEHIZIESTH
EE. EEHRHRAUTESREN/SNAEE , HEH#RPRAHE
BREMENBENEEEHEHRETNERH,


https://share-analytics.zhihuiya.com/view/79d51d18-2851-43bf-a0c9-f260873c3df2
https://worldwide.espacenet.com/patent/search/family/037763348/publication/EP1933733A2?q=EP1933733A2

