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Description

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] The present application claims priority to U.S.
Nonprovisional Patent Application Serial No.
13/355,169, filed January 20, 2012, and titled, "CLIP DE-
PLOYMENT TOOL AND ASSOCIATED METHODS.

Background Art & Field of the Invention

[0002] The present disclosure relates to deployment
of an occlusion clip and, more specifically, to devices and
methods utilized to deploy an occlusion clip using a hand-
held device.

INTRODUCTION TO THE INVENTION

[0003] The exemplary embodiments disclosed herein
include one or more active or passive repositioning
mechanisms. As will be discussed in more detail hereaf-
ter, an active repositioning mechanism provides for infi-
nite adjustments as the user is physically operating a
control to directly manipulate the repositioning of an end
effector or a device mounted to an end effector. In con-
trast, a passive repositioning mechanism can be thought
of as acting similar to a light switch, either off or on. In
this manner, the passive repositioning mechanism either
allows or disallows repositioning of the end effector or a
device mounted to the end effector, butis not responsible
for actively manipulating the aspect ultimately reposi-
tioned. Put another way, the passive repositioning sys-
tem allows for free movement of the end effector or a
device mounted to the end effector within the relevant
range of motion when the mechanism is in the "on" po-
sition, but locks movement when the mechanism is in the
"off position. In exemplary form, a laparoscopic device
may incorporate passive repositioning mechanisms to
control movements in different directions, such as pitch
and yaw.

[0004] EP 1769752 describes an electroactive poly-
mer-based articulation mechanism for multi-fire surgical
fastening instrument, which provides for effecting move-
ment of one or more components of a multi-fire device.
A surgical fastening instrument is provided having an
elongate shaft with an effector coupled thereto and
adapted to apply one or more surgical fasteners to tissue.
[0005] Document EP 2361562 describes an articulat-
ing endoscopic surgical clip applier, which includes a
handle assembly and a shaft assembly. The shaft as-
sembly includes an articulating neck assembly; and an
end effector assembly supported on a distal end of the
articulating neck assembly and being configured to form
a surgical clip in place on the body tissue.

[0006] Document US 2007/108252 describes a surgi-
cal stapling device, which includes a handle portion and
acentral body portion. An articulation actuator is provided
for omni-directional movement to effect articulation of the
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tool assembly about the first and second axes. Document
US2010/082047 discloses a device for occluding a hol-
low anatomical structure includes a clamp having at least
first and second clamping portions adapted to be placed
on opposite sides of the anatomical structure.

[0007] It is a first aspect of the present invention to
provide a surgical device according to claim 1. In at least
one example, a surgical device that may be used in min-
imally invasive procedures is provided, the device com-
prising: (a) a handle housing operatively coupled to a first
control and a second control; (b) an end effector opera-
tively coupled to the first control, the end effector com-
prising a first component and a second component se-
lectively repositionable with respect to one another within
an X-Y plane, the end effector also including a third com-
ponent selectively repositionable with respect to the sec-
ond component within an Y-Z plane; (c) a conduit extend-
ing between the handle housing and the end effector; (d)
an occlusion clamp deployment device coupled to the
end effector and the second control, where end effector
is between the conduit and the occlusion clamp deploy-
ment device; and, (e) an occlusion clamp operatively cou-
pled to the occlusion clamp deployment device, the oc-
clusion clamp covered in fabric.

[0008] In a more detailed embodiment of the first as-
pect, the handle housing is operatively coupled to a third
control, the third control is operatively coupled to the oc-
clusion clip and the occlusion clip deployment device,
and the third control controls disengagement of the oc-
clusion clip from the occlusion clip deployment device.
In yetanother more detailed embodiment, the first control
includes a first passive constraint and a second passive
constraint, the first passive constraint in an unlocked po-
sition allows free motion between the first component
and the second component within the X-Y plane, the first
passive constraintin alocked position retards free motion
between the first component and the second component
within the X-Y plane, the second passive constraintin an
unlocked position allows free motion between the second
component and the third component within the Y-Z plane,
and the second passive constraint in a locked position
retards free motion between the second component and
the third component within the Y-Z plane. In a further
detailed embodiment, the first passive constraint in-
cludes at least one connection wire in tension that is op-
eratively coupled to the second component and to the
housing, and the second passive constraint includes at
least one connection wire in tension that is operatively
coupled to the third component and to the housing. In
still a further detailed embodiment, the first control in-
cludes a repositionable button selectively coupled to a
first reel and a second reel, where the button is reposi-
tionable between a locked and an unlocked position,
where the locked position retards rotation of the first reel
and the second reel, the first reel is operatively coupled
to a first connection line operatively coupled to the first
component, the second reel is operatively coupled to a
second connection liner operatively coupled to the sec-
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ond component, and wherein the first reel is independ-
ently repositionable with respect to the second reel.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009]

FIG. 1 is an elevated perspective view of an exem-
plary laparoscopic device in accordance with the
present invention.

FIG. 2 isan elevated perspective view of the proximal
end of the exemplary laparoscopic device of FIG. 1.

FIG. 3isanelevated perspective view of the proximal
end of the exemplary laparoscopic device of FIG. 2,
without the left side housing.

FIG. 4 is a profile view of the proximal end of the
exemplary laparoscopic device of FIG. 2, without the
left side housing and without some of the internal
components in order to show the axle in a distal por-
tion of a through hole in the repositionable button.

FIG. 5 is an elevated perspective view of a distal
portion of the proximal end of the exemplary lapar-
oscopic device of FIG. 2, without the left side housing
and without the clip release wires and the draw wires,
and with the pitch and yaw controls in an unlocked
position.

FIG. 6 is a profile view of a distal portion of the prox-
imal end of the exemplary laparoscopic device of
FIG. 2, without the left side housing and without the
clip release wires and the draw wires, and with the
pitch and yaw controls in a locked position.

FIG. 7 is a profile view of a distal portion of the prox-
imal end of the exemplary laparoscopic device of
FIG. 2, without the left side housing and without the
clip release wires and the draw wires, and with the
pitch and yaw controls in the unlocked position.

FIG. 8 is a profile view of a distal portion of the prox-
imal end of the exemplary laparoscopic device of
FIG. 2, without the left side housing, the clip release
wires, the draw wires, and the yaw control.

FIG. 9 is an elevated perspective view of a distal
portion of the proximal end of the exemplary lapar-
oscopic device of FIG. 2, without the left side hous-
ing, the clip release wires, the draw wires, and the
yaw control.

FIG. 10 is an elevated perspective view of a distal
portion of the proximal end of the exemplary lapar-
oscopic device of FIG. 2, without the left side hous-
ing, the clip release wires, the draw wires, and the
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control button.

FIG. 11 is an end view, from the proximal end, of an
exemplary clevis of the exemplary laparoscopic de-
vice of FIG. 1.

FIG. 12 is an end view, from the distal end, of the
exemplary clevis of FIG. 11.

FIG. 13 is a profile view of the exemplary clevis of
FIG. 11.

FIG. 14 is an elevated perspective view of the ex-
emplary clevis of FIG. 11.

FIG. 15is an elevated perspective view, from a distal
end, of an exemplary dual pivotjoint of the exemplary
laparoscopic device of FIG. 1.

FIG. 16 is a profile view of the exemplary dual pivot
joint of FIG. 15.

FIG. 17 is an elevated perspective view, from a prox-
imal end, of the exemplary dual pivotjoint of FIG. 15.

FIG. 18 is a top view of the exemplary dual pivot joint
of FIG. 15.

FIG. 19is an end view, from the proximal end, of the
exemplary dual pivot joint of FIG. 15.

FIG. 20 is another elevated perspective view, from
a distal end, of the exemplary dual pivot joint of FIG.
15.

FIG. 21 is an elevated perspective view, from a prox-
imal end, of an exemplary yoke of the exemplary
laparoscopic device of FIG. 1.

FIG.22is atop view ofthe exemplary yoke of FIG. 21.

FIG. 23 is an underneath perspective view, from a
lateral side, of the exemplary yoke of FIG. 21.

FIG. 24 is a distal view of the exemplary yoke of FIG.
21.

FIG. 25 is a bottom view of the exemplary yoke of
FIG. 21.

FIG. 26 is another underneath perspective view,
from the opposite lateral side, of the exemplary yoke
of FIG. 21.

FIG. 27 is an elevated perspective view, from the
proximal end, of the exemplary dual pivot joint and
yoke mounted to a clip deployment device, where
the view shows the both sets of connection wires,
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the draw wires, and the clip release wires.

FIG. 28 is an elevated perspective view, from the
proximal end, of the exemplary yoke mounted to a
clip deployment device, where the view shows one
set of connection wires, the draw wires, and the clip
release wires.

FIG. 29 is an elevated perspective view, from the
proximal end, of the exemplary clevis, dual pivot
joint, and yoke mounted to a clip deployment device
and an occlusion clip, where the yoke is being
grasped by a robotic grasper.

FIG. 30 is an elevated perspective view, from the
distal end, of the exemplary yoke mounted to a clip
deployment device, where the view is devoid of the
draw wires and the clip release wires.

FIG. 31 is an underneath perspective view, from the
distal end, of the exemplary yoke mounted to a clip
deployment device, where the view is devoid of the
draw wires and the clip release wires.

FIG. 32 is an elevated perspective view, from the
proximal end, of the exemplary clip deployment de-
vice and retention dowels, where the view is devoid
of the draw wires and the clip release wires.

FIG. 33 is an elevated perspective view, from the
proximal end and lateral side, of the exemplary cle-
vis, dual pivot joint, and yoke mounted to a clip de-
ployment device and an occlusion clip, where the
draw wires and the clip release wires are shown.

FIG. 34 is an elevated perspective view, from the
proximal end and lateral side, of the exemplary cle-
vis, dual pivot joint, and yoke mounted to a clip de-
ployment device and an occlusion clip, where the
draw wires, the clip release wires, and the suture
loops are shown.

FIG. 35 is a magnified elevated perspective view
showing the attachment between the occlusion clip
and the clip deployment device, as well as the inter-
action of the draw wires and the clip release wires.

FIG. 36 is a perspective view of an exemplary clamp
in an open position that may be used with the exem-
plary laparoscopic device of FIG. 1.

FIG. 37 is a perspective view of the exemplary clamp
of FIG. 36 in a closed position.

FIG. 38 is a cross-sectional view of the exemplary
clamp of FIG. 36 in its open configuration, showing
the wire member, rigid tubular members, and the urg-
ing members.
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FIG. 39 is a cross-sectional view of the exemplary
clamp of FIG. 37 in its closed configuration, showing
the wire member, rigid tubular members, and the urg-
ing members.

FIG.40is a perspective view of the exemplary claims
of FIGS. 36-39 and showing the ability to close in a
non-parallel fashion.

FIG. 41 is a perspective view of the first stage of
assembly of an alternate embodiment of a clamp,
showing a wire member surrounded by rigid tubular
members.

FIG. 42 is a perspective view of the second stage of
assembly of the clamp of FIG. 73, in which platens
have been added over the rigid tubular members.

FIG. 43 is a perspective view of the clamp of FIGS.
73 and 74, once an outer fabric covering has been
disposed over the entire surface of the clamp.

DETAILED DESCRIPTION

[0010] The exemplary embodiments ofthe present dis-
closure are described and illustrated below to encom-
pass surgical equipment and, more specifically, to sur-
gical equipment that may be used in minimally invasive
procedures. The disclosure also relates to surgical equip-
ment to facilitate the positioning and deployment of an
atrial appendage occlusion device. In addition, the dis-
closure relates to surgical equipment that is adapted to
accommodate or work in tandem with flexible endo-
scopes. Of course, it will be apparent to those of ordinary
skill in the art that the embodiments discussed below are
exemplary in nature and may be reconfigured without
departing from the scope of the present disclosure. How-
ever, for clarity and precision, the exemplary embodi-
ments as discussed below may include optional steps,
methods, and features that one of ordinary skill should
recognize as not being a requisite to fall within the scope
of the present disclosure.

[0011] Referring to FIG. 1, an exemplary clip deploy-
ment apparatus 100 comprises a controller 110 mounted
to a proximal portion of a rigid or semi-rigid conduit 112
that is relatively linear. The controller 110 includes vari-
ous controls in order to manipulate a repositionable
mechanism operatively coupled to an end effector 118,
where the repositionable mechanism is mounted to a dis-
tal portion of the conduit 112. In this exemplary embod-
iment, the repositionable mechanism is coupled to an
end effector comprising a clip deployment device 118.
But as will be discussed in more detail hereafter, the end
effector 118 may comprise any number of devices such
as, without limitation, forceps, ablation rails, jaws, linear
cutters, ablation pens, ablation clamps, illuminated dis-
sectors, and non-illuminated dissectors.

[0012] The exemplary repositionable mechanism in-



7 EP 2 804 544 B1 8

corporates a dual passive mechanism. The first passive
mechanism is operative to control the pitch (i.e., up and
down) of the end effector 118, while the second passive
mechanism is operative to control the yaw (i.e., side to
side) of the end effector.

[0013] Referencing FIGS. 1-10, the controller 110 is
coupled to the conduit 112 in order to manipulate a repo-
sitionable mechanism operatively coupled to the end ef-
fector 118. The controller 110 comprises a right side
housing 130 and a left side housing 132 that coopera-
tively define an internal cavity and corresponding open-
ings to accommodate throughput of certain controls. A
first of these openings is a dorsal opening 134 that ac-
commodates throughput of a repositionable button 136.
As will be discussed in more detail hereafter, the reposi-
tionable button 136 may be manipulated vertically to lock
and unlock the repositionable mechanisms, as well as
forward-to-rearward to lock and unlock the position of the
button itself, in order to provide for or constrain lateral
and vertical adjustability of the end effector 118.

[0014] The repositionable button 136 comprises a
proximal-to-distal arcuate top 138 that includes bumps
and a proximal ridge to accommodate the thumb of a
user being positioned on top of the button. The medial-
to-lateral width of the arcuate top 138 is generally con-
stant and overlaps a vertical, planar appendage 142 that
extends from the underside of the arcuate top. This ver-
tical appendage 142 has a relatively constant and mini-
mal medial-to-lateral dimension, but includes a proximal-
to-lateral dimension that tapers from a maximum where
the appendage extends from the arcuate top, to a mini-
mum where the appendage ends. Extending through this
vertical appendage 142 is a U-shaped through hole 144
that is partially occupied by an axle 164. This U-shaped
through hole 144 allows the button 136 to be vertically
repositioned with respect to the axle 164 so that active
pressure is required to maintain a depressed button po-
sition when the axle is in a distal portion of the through
hole. Instead of having to maintain pressure upon the
button 136 to sustain it in a depressed position, the user
may choose to rotate the button with respect to the axle
164 in order to seat the axle in a proximal portion of the
through hole 144, thus effectively locking the button in
the depressed position. In order to unlock the button 136,
a user simply rotates or pushes the button proximally to
cause the axle 164 into the distal portion of the through
hole 144.

[0015] Atthe end of the appendage 142, a pair of tooth
receivers 146 extend outward in the medial and lateral
directions from opposing sides of the appendage. The
tooth receivers 146 each include a series of longitudinal
pyramidal shapes 148 that are in parallel and radially
arranged in order to define a series of corresponding lon-
gitudinal pyramidal cavities 150. At the medial end of the
medial tooth receiver 146 and at the lateral end of the
lateral tooth receiver 146 is a cylindrical projection 152
that is received within corresponding vertical, oblong
grooves 154 on the interior of the housings 130, 132.
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These grooves 154 inhibit significant medial-to-lateral
and proximal-to-distal travel of the tooth receivers 146
as the tooth receivers are vertically repositioned. In other
words, as the button 136 is depressed vertically, the
toothed receivers 146 are vertically repositioned in a cor-
responding vertical manner. In this way, the movement
of the toothed receivers 146 is directly attributable to the
movement of the button 136 as the toothed receivers are
indirectly mounted to the button via the appendage 142.
[0016] The button 136 is biased vertically to its highest
vertical position shown in FIG. 6. To achieve this bias,
the housings 130, 132 include parallel walls 158 that co-
operate to form medial-to-lateral trench within which at
least one spring 160 is seated. The spring 160 is rated
at a sufficient spring force to overcome the weight of the
button 136, appendage 142, tooth receivers 146, and
cylindrical projections 152 to force the button toits highest
vertical position. But the spring force is not so great that
it requires too great a force from a user’s thumb to de-
press the button 136 and overcome the bias of the spring
160.

[0017] An axle 164 extends in the medial-to-lateral di-
rection within the interior cavity cooperatively defined by
the housings 130, 132. This axle 164 is cylindrical in
shape and includes a constant longitudinal diameter,
thereby giving the axle a circular circumference. In ex-
emplary form, the medial and lateral ends of the axle 164
arereceived within corresponding cylindrical cavities (not
shown) on the interior of the housings. The depth of these
cavities is not so great as to cover the majority of the axle
164. The exposed cylindrical portion of the axle 164 is
operative to receive a pair of toothed assemblies 168,
170 that are interposed by the appendage 142, which
itself includes a vertical, oblong orifice (not shown) to
accommodate throughput of the axle and vertical travel
of the appendage with respect to the axle, which has a
fixed orientation. In exemplary form, the toothed assem-
blies 168, 170 include a through cylindrical orifice 172
allowing the assemblies to rotate on the outside of the
axle.

[0018] Each of the toothed assemblies 168, 170 are
identical to each other. Accordingly, a redundant descrip-
tion of the second toothed assembly has been omitted
in furtherance of brevity. The toothed assemblies 168,
170 include a wheel 176 having circumferentially distrib-
uted teeth 178 that are sized to engage a respective tooth
receivers 146 and be received within the longitudinal py-
ramidal cavities 150 when the tooth receivers in a raised
vertical position (see FIG. 6). In exemplary form, the
spring rate of the spring 160 is chosen to allow the tooth
receivers 146 to be depressed by forces applied to the
toothed assemblies 168, 170 above a predetermined
threshold. For example, a high load applied to the end
effector in any one direction may result in repositioning
of one or both of the toothed assemblies 168, 170, there-
by causing a wheel 176 and its teeth 178 to rotate and
correspondingly depress against the corresponding
tooth receiver 146, which depresses against the spring
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160 to compress the spring, thus allowing one or both
wheels to rotate to avoid breaking any of the components.
[0019] The wheel 176 has a generally uniform width
but for a pair of outgrowths 180, 182. The first outgrowth
180 is generally centered radially with respect to the
wheel and partially defines the through orifice 172 that
receives the axle 164. This first outgrowth 180 is semi-
circular in shape extends medially from the wheel 176
and includes a corresponding top and bottom arcuate
surfaces 184, 186 that are radially inset with respect to
the wheel. These arcuate surfaces 184, 186 act as cam-
ming surfaces for respective connection wires 188, 190
that extend from the second outgrowth 182. The first out-
growth 180 also includes a pair of vertical flanges 194
that extend from the arcuate surfaces 184, 186 and co-
operate with the circumferential ends of the wheels in
order to provide medial and lateral guides for the con-
nection wires 188, 190 so that the connection wires stay
therebetween. The second outgrowth 182 is proximally
oriented with respect to the first outgrowth 180 and in-
cludes a rectangular profile with a pair of L-shaped walls
192 and floor 196 cooperating to define an internal cavity.
An opening (not shown) extends through the floor and
into the cavity. This opening receives a fastener (such
as a screw) 200 around which the connection wires 188,
190 are wound and secured in place. The fastener 200
is also recessed within the cavity so that the L-shaped
walls 192 extend laterally beyond the end of the fastener.
Accordingly, the connection wires 188, 190 extending
from the fastener are threaded through a gap between
the L-shaped walls 192, with one of the wires being
threaded over the top arcuate surface 184, while the sec-
ond wire is threaded under the bottom arcuate surface
186. Thereafter, the wires 188, 190 extend distally and
taper to extend through a respective eyelet opening at
the proximal end of the conduit 112.

[0020] Each of the toothed assemblies 168, 170 is in-
dependently rotatably repositionable with respect to one
another. The first toothed assembly 168 is operative pro-
vide part of a passive repositionable mechanism in order
to control the pitch (i.e., up and down) of the end effector
118, while the second toothed assembly 170 is operative
to provide part of a passive repositionable mechanism in
order to control the yaw (i.e., side to side) of the end
effector. In exemplary form, when the button 136 is not
depressed, the spring 160 is operative to bias the toothed
receivers 146 into engagement with the teeth 178 of the
toothed assemblies 168, 170, thereby inhibiting rotation
of the toothed assemblies around the axle 164. When
the tooth assemblies 168, 170 are locked in position (see
FIG. 6) the end effector 118 cannot be repositioned in
the vertical direction (i.e., affecting pitch) or in the medial-
to-lateral direction (i.e., affecting yaw). Thus, when the
tooth assemblies 168, 170 are locked in position (see
FIG. 6), so too is the end effector 118 locked in position.
[0021] In order to change the vertical or medial-to-lat-
eral position of the end effector 118, a user would depress
the button 136. By depressing the button 136, the toothed
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receivers 146 are operative to further compress the
spring 160 and disengage the toothed assemblies 168,
170. More specifically, the longitudinal pyramidal shapes
148 and corresponding longitudinal pyramidal cavities
150 no longer engage the teeth 178 of the toothed as-
semblies 168, 170, thereby allowing rotation of the
toothed assemblies around the axle 164. By allowing free
rotation of the toothed assemblies 168, 170 around the
axle 164, the connection wires 188, 190 linking the end
effector 118 and the toothed assemblies may be reposi-
tioned, which allows the end effector to be freely reposi-
tionable in the vertical direction (i.e., affecting pitch) and
in the medial-to-lateral direction (i.e., affecting yaw). After
the respective vertical and medial-to-lateral position of
the end effector 118 has been reached, the user would
discontinue depressing the button 136 to lock in the rel-
ative vertical and medial-to-lateral positions. In order to
lock in the positions, the spring 160 forces the toothed
receivers 146 upward and into engagement with the
toothed assemblies 168, 170. Because the toothed as-
semblies 168, 170 include teeth 178 that engage the lon-
gitudinal pyramidal shapes 148 of the toothed receivers
146, the spring 160 will direct the toothed receivers up-
ward and cause the toothed assemblies to possibly rotate
slightly about the axle 164 so that the teeth are fully re-
ceived within the longitudinal pyramidal cavities 150. If
the position of the end effector 118 is such that the teeth
178 are aligned with the longitudinal pyramidal cavities
150, then the vertical and medial-to-lateral positions will
be precisely maintained because of the tension on the
connection wires 188, 190. But if the position of the end
effector 118 is such that the teeth 178 are slightly mis-
aligned with the longitudinal pyramidal cavities 150, then
the vertical and medial-to-lateral positions will be
changed as the toothed assemblies 168, 170 rotate
slightly about the axle 164 so that the teeth are fully re-
ceived within the longitudinal pyramidal cavities 150. Af-
ter the teeth 178 are aligned and received within the lon-
gitudinal pyramidal cavities 150, the vertical and medial-
to-lateral positions will be precisely maintained because
of the tension on the connection wires 188, 190.

[0022] In order to maintain the orientation of the semi-
rigid conduit (which carries the connection wires 188,
190) with respect to the housings 130, 132, a distal por-
tion of the right side housing 130 includes a pair of detents
202 that engage the conduit 112. These detents 202 in-
hibit longitudinal movement of the conduit 112 with re-
spect to the controller 110. Both detents 202 extend in
parallel to one another and extend from an interior cir-
cumferential surface of the right side housing 130.
[0023] The right and left side housings 130, 132 coop-
erate to delineate a handle mechanism port 210 and a
proximal port 212 open to the interiors of the respective
housings. The handle mechanism port 210 accommo-
dates throughput of a portion of a handle mechanism 218
that comprises a repositionable lever 220, a drive plate
222, a return spring 224, and a wire retainer 226. As will
be discussed in more detail hereafter, the wire retainer
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226 is concurrently coupled to draw wires 228 and the
drive plate 222 so that movement of the lever 220 is op-
erative to open and close an occlusion clip 1160 (com-
pare FIGS. 29 and 34), such as during an atrial append-
age occlusion clip deployment surgical procedure. A
more detailed explanation of the respective components
of the handle mechanism 218 follows.

[0024] The repositionable lever 220 includes an arcu-
ate, ventral gripping surface that may include a series of
convex bumps longitudinally spaced apart to facilitate
gripping by a user. Opposite the ventral gripping surface
is a corresponding interior surface from which a pair of
spaced apart, parallel vertical walls 230, 232 extend. The
vertical walls 230, 232 are also connected to one another
via a plurality of cross walls 234. The vertical walls 230,
232 each include a distal upstanding loop 238 that pro-
vides a through opening in the medial-to-lateral direction
to receive a axle 240 extending from the right side hous-
ing 130 around which the lever 220 rotates. Extending
distally from the loop 238, the walls 230, 232 include a
circular opening extending in the medial-to-lateral direc-
tion that receives a pin 244 in order to repositionably
mount the drive plate 222 to the lever 220.

[0025] The exemplary drive plate 222 comprises an
arcuate, flat plate sized to fit between the walls 230, 232
of the lever 220. A distal end of the plate 222 includes
an opening to receive the pin 244. Extending proximally
from the opening is an elongated, arcuate opening 246
adapted to receive a dowel 248 extending from the inte-
rior of the right side housing 130. In this manner, the
dowel 248 is repositioned with respect to the opening
246 as the lever 220 repositions the drive plate 222. In
exemplary form, the opening is partially defined by a lip
250 that acts to retain the dowel 248 in a static position
after the lever 220 is fully closed. At the same time, the
proximal end of the drive plate 222 includes an orifice
252 that receives a portion of the spring 224 in order to
bias the lever 220 to the open position shown in FIG. 3.
The opposing end of the spring 224 is mounted to a dowel
254 that extends from the interior of the right side housing
220.

[0026] The controller 110 also includes a removable
stem 260 that is seated within the proximal port 212 of
the housings 130, 132. The removable stem 260 is cou-
pled to one or more clip release wires 292 (in this case,
two clip release wires) that act to disconnect an occlusion
clip from the clip deployment device 118. In this manner,
the stem 260 may be removed from the proximal end of
the controller 110, thereby drawing the release wire(s)
proximally and disconnecting the occlusion clip from the
clip deployment device 118. In this exemplary embodi-
ment, the stem 260 is secured within the proximal port
212 via a friction fit that may be overcome by the user
applying pressure to the stem to move it proximally with
respect to the controller 110. Butitis also within the scope
of the disclosure to use detents or other affirmative re-
lease mechanisms to release the stem 260 from the con-
troller 110.
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[0027] The controller 110 is mounted to a rigid or semi-
rigid conduit 112 that is relatively linear and has a rela-
tively constant circular cross section. In this exemplary
embodiment, the conduit 112 is fabricated from stainless
steel andincludes a proximal circular opening and a distal
circular opening. The proximal circular opening provides
access between the interior of the conduit 112 and the
interior of the controller 110. More specifically, the hollow
interior of the conduit 112 accommodates throughput of
the connection wires 188, 190 and the clip release wires
292. The conduit 112 includes a proximal section having
a pair of rectangular, arcuate cut-outs providing respec-
tive recesses for the detents 202 of the right side housing
130 to occupy and mount the conduit 112 to the housings
130, 132.

[0028] In addition, the conduit 112 may be relatively
linear but include two additional orifices that accommo-
date a separate conduit (not shown) adapted to provide
a separate avenue for an exploratory tool. Exemplary
exploratory tools for use with the instant semi-rigid con-
duit include, without limitation, forceps, ablation rails,
jaws, linear cutters, ablation pens, ablation clamps, illu-
minated dissectors, and non-illuminated dissectors. The
exemplary exploratory tool may be used in combination
with the end effector, which is manipulated by the repo-
sitionable mechanism.

[0029] Referring to FIGS. 11-14, a distal portion of the
exemplary repositionable mechanism comprises a clevis
302 having a partially enclosed proximal section 304 that
delineates a cavity 306 receives a distal section of the
conduit 112 to mount the clevis to the conduit. On the
interior of the cavity 306 are four equidistantly, radially
spaced apart ribs 308 that extend longitudinally and in
parallel to one another. The ribs 308 operate to decrease
the diameter of the cavity 306 so that the ribs contact the
exterior, circumferential surface of the conduit 112 to
mount the conduit to the clevis 302 via a friction fit. Each
of the ribs 308 terminates distally at a wall 310 extending
normal to the longitudinal direction of the ribs. The wall
310 includes a series of orifices 312, 314, 316 that ac-
commodate throughput of the connection wires 188, 190
and the clip release wires 292. In exemplary form, the
first orifice 312 accommodates throughput of the first con-
nection wire 188, while the second orifice 314 accommo-
dates throughput of the clip release wires 292, while the
third orifice 316 accommodates throughput of the second
connection wire 190. The wall 310 also bridges the prox-
imal section 304 and a distal section 320 of the clevis 302.
[0030] The distal section 320 of the clevis 302 includes
a pair of distal projections 324, 326 extending away from
the wall 310 to create a ceiling and floor. The projections
324, 326 are oriented to provide a gap therebetween ex-
tending in proximal-to-distal direction and in a medial-to-
lateral direction. Each projection 324, 326 includes a
mildly convex outer surface 330 that is jointed by a pe-
ripheral surface 332 that is rounded to at the distal tip.
The peripheral surfaces 332 are jointed by respective
exterior side surfaces 334. Each projection 324, 326 in-
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cludes a depression 336 that originates at the distal tip
of the clevis 302 and extends proximally. The bounds of
the depression 336 are delineated by a planar bottom
surface 340, a horseshoe (i.e., semicircular) peripheral
surface 342, and a planar base surface 344. The arcuate
contour of the peripheral surface 342 is operative to allow
a dual pivot joint to 350 to pivot in a single plane with
respect to the clevis 302.

[0031] Referring to FIGS. 15-20, the dual pivot joint
350 comprises a proximal section 352 having a pair of
plateaus 354 that extend in opposite directions from one
another. Each plateau 354 includes a teardrop shaped
circumferential surface 356 with the rounded portion of
the surface adapted to have an arcuate curvature that
approximates the arcuate curvature of the peripheral sur-
face 342 of the clevis 302. The plateaus 354 are inter-
posed by a platform 358 having opposed, generally pla-
nar parallel surfaces 360. Accordingly, the dual pivot joint
350 may pivot with respect to the clevis 302 by the pla-
teaus 354 pivoting or rotating with respect to the periph-
eral surface 342, while the planar surfaces 360 contact
the planar base surfaces 344 of the clevis to limit signif-
icant vertical play between the clevis and dual pivot joint.
The pointed aspect of each circumferential surface 356
cooperates with the straight walls of the peripheral sur-
face 342 of the clevis 302 to provide stops that limit the
pivotal motion of the dual pivot joint 350 with respect to
the clevis 302 to no more than fifty-five degrees from
center (total range of motion of approximately 110 de-
grees). As will be understood by those skilled in the art,
the range of travel may be increased by increasing the
angle of the pointed aspect of the circumferential surfac-
es. Conversely, the range of travel may be decreased by
decreasing the angle of the pointed aspect of the circum-
ferential surfaces.

[0032] A proximal aspectofthe platform 358 is rounded
andincludes two pair of arcuate walls 364 that are spaced
apart from one another to create a gap 368 that tapers
distally to create a cylindrical through hole 376 extending
into the interior of a distal aspect 370 of the dual pivot
joint. The tapered feature of each gap 368 is partially
defined by a pair of angled faces 372 that operate to allow
the connection wires 188 to be fed in between the walls
364, through the cylindrical hole 376 and into the interior
of the distal aspect, where the wires are ultimately con-
nected to a yoke 380. The tapered nature of each gap
368 ensures thatthe connection wires 188 do notbecome
bound up by pivoting action of the dual pivot joint 350
with respect to the clevis 302. But for the tapered nature
of the gap 368, pivoting action beyond center of the dual
pivot joint 350 with respect to the clevis 302 would cause
the path of the connection wires 188 to be lengthened,
thereby resulting in pivoting of the yoke 380 with respect
to the dual pivot joint.

[0033] Interposing the two pair of arcuate walls 364
and respective gaps 368 is a centered gap 384 that also
tapers distally to create a through hole 386 having a rec-
tangular, rounded cross-section that extends into the in-
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terior of the distal aspect 370 of the dual pivot joint. The
tapered feature of this centered gap 384 is partially de-
fined by a pair of angled faces 388 that operate to allow
the draw wire 228 and clip release wires 292 to be fed in
between the walls 364, through the hole 386, and into
the interior of the distal aspect, where the wires are ulti-
mately fed through a clip deployment frame 520. The
tapered nature of this gap 384 ensures that the draw wire
228 and clip release wires 292 do not become bound up
by pivoting action of the dual pivot joint 350 with respect
to the clevis 302. But for the tapered nature of the gap
384, pivoting action beyond center of the dual pivot joint
350 with respect to the clevis 302 would cause the path
of the draw wire 228 and clip release wires 292 to be
lengthened, thereby potentially resulting in premature re-
lease of the clip 1160 and opening of the clip.

[0034] Adjoining the angled faces 388 is an arcuate
wall 390 that curves around a lateral edge of the proximal
section 352 and extends into the interior of the distal sec-
tion 370. The arcuate wall 390 is inset within the proximal
section 352 to create a lateral trench 392 on the right and
left sides. Each lateral trench 392 ends distally proximate
a lateral, longitudinal opening 396 extending through
right and left side paddles 402. This pair of lateral trench-
es 390 respectively receives one of the connection wires
190 so that the ends of each connection wire extend into
the interior of the distal section 370. Each end of the
connection wire 190 is enlarged to prohibit the end from
passing through the longitudinal opening 396. In other
words, the longitudinal opening 396 is sized to allow
throughput of the connection wire 190 along the longitu-
dinal length of the connection wire, but is sized to prohibit
throughput of the enlarged end of the connection wire.
In this manner, tension can be applied the connection
wires 190 in order to cause the dual pivot joint 350 to
pivot with respect to the clevis 302. By applying tension
to the right side connection wire 190, the dual pivot joint
pivots to the right side. Conversely, by applying tension
to the left side connection wire 190, the dual pivot joint
pivots to the left side.

[0035] The right side paddle 402 is a mirror image of
the left side paddle. Accordingly, for purposes of expla-
nation, only a single paddle will be described. Each pad-
dle 402 includes a lateral exterior surface 406 that is sub-
stantially planar but for a pair of projections 408 that are
spaced apart from one another by the longitudinal open-
ing 396 extending therebetween. Each projection 408
includes a linear aspect 410 that extends in parallel with
the longitudinal opening 396 and a curved aspect 412.
As will be discussed in more detail hereafter, the curved
aspect 412 has a curvature that mirrors the arcuate mo-
tion of the yoke 380. The paddle 402 includes a vertical
height extending above and below the proximal section
352. The top and bottom surfaces 414 of the paddle 402
are generally planar and are bridged by a curved circum-
ferential surface 418. The lateral or widthwise dimension
of the paddle 402 is substantially uniform, from proximal
to distal, but for an interior depression 420 that is open
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on the distal end of the paddle and extends proximally
to intersect the longitudinal opening 396. The depression
420 is partially defined by a planar wall 424 that is per-
pendicular to a second planar wall 426 with an arcuate
transition therebetween. At the same time, a third wall
428 is also perpendicular to the planar wall 424 and in-
cludes an arcuate profile that corresponds to the arcuate
profile of a plateau of the yoke 380. An interior planar
wall 430 of each paddle 402 intersects a pair of rectan-
gular projections 432. Each rectangular projection 432
includes a distal wall 436 that is arcuate from right to left.
The arcuate curvature of the distal wall generally tracks
the arcuate profile of a portion of the yoke 380.

[0036] Referring to FIGS. 21-26, the yoke 380 com-
prises a hollow box having a roof 440, a floor 442, a right
side wall 444, and a left side wall 446. The front of the
box is open and reveals the interior cavity. Extending
laterally outward from the right and left side walls 444,
446 are respective right and left wings 448, 450.

[0037] Each wing 448, 450 includes a pair of circum-
ferential projections 452 that extend vertically there-
through to protrude above and below the wing. In this
exemplary embodiment, the projections are sized and
spaced apart to facilitate grasping of the yoke 380 by a
robotic grasper 456 (see FIG. 29). A distal portion of the
each wing 448, 450 is generally flush with walls defining
a distal recess 458 within the respective right and right
and left side walls 444, 446. As will be discussed in more
detail hereafter, the distal recess is sized to accommo-
date partial insertion of the clip deployment frame 520.
[0038] Therightwing 448 is laterally widest at its distal
end and tapers in a widthwise dimension, bounded by
an arcuate peripheral surface 460. The proximal portion
of the right wing 448 extends proximally beyond the hol-
low box and includes a planar guide 464 that is parallel
to a right side plateau 466 extending from a proximal
section 468 of the yoke 380. A hole 470 extends through
the planar guide 464 and extends into communication
with an underneath trench 472 formed into the bottom
surface 474 of the right wing. This underneath trench 472
terminates distally at the distal end of the right wing 448.
In particular, one of the clip deployment wires 292 is fed
past the proximal section 468, through the hole 470, and
along this underneath trench 472 to exit and extend dis-
tally from the trench.

[0039] The proximal section 468 includes right and left
side plateaus 466, 476 that extend in opposite directions
from one another. Each plateau 466, 476 includes a tear-
drop shaped circumferential surface 478 with the round-
ed portion of the surface adapted to have an arcuate
curvature that approximates the arcuate curvature of the
third wall 428 of the dual pivot joint 350. The plateaus
466, 476 are interposed by a platform 482 having op-
posed, generally planar parallel surfaces 484. Accord-
ingly, the yoke 380 may pivot with respect to the dual
pivot joint 350 by the plateaus 466, 476 pivoting or rotat-
ing with respect to the third wall 428. The pointed aspect
of each circumferential surface 478 cooperates with the
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straight walls of the second planar wall 426 of the dual
pivot joint 350 to provide stops that limit the pivotal motion
of the dual pivot joint with respect to the yoke to no more
than fifty-five degrees from center (total range of motion
of approximately 110 degrees). As will be understood by
those skilled in the art, the range of travel may be in-
creased by increasing the angle of the pointed aspect of
the circumferential surfaces. Conversely, the range of
travel may be decreased by decreasing the angle of the
pointed aspect of the circumferential surfaces.

[0040] A proximalaspectofthe platform482is rounded
and includes two pair of arcuate, solid walls 486 that are
spaced apart from one another to create a gap 488 that
tapers distally to create a through hole 490 extending
into the interior of the hollow box. The tapered feature of
this gap 488 is partially defined by a pair of angled faces
that operate to allow the draw wires 228 to be fed in be-
tween the walls 486, through the hole 490 and fed through
the clip deployment frame 520, where the wires are ulti-
mately connected to an occlusion clip 1160 (see FIG.
30). The tapered nature of this gap 488 ensures that the
draw wires 228 do not become bound up by pivoting ac-
tion of the yoke 380 with respect to the dual pivot joint
350. But for the tapered nature of the gap 488, pivoting
action beyond center of the yoke 380 with respect to the
dual pivot joint 350 would cause the path of the draw
wires 228 to be lengthened, thereby resulting in poten-
tially premature opening of the occlusion clip 1160.
[0041] Interposing the solid walls 486 and inset therein
are top and bottom arcuate walls 492, 494. The arcuate
nature of these walls 492, 494, teamed with being inset
inbetween the solid walls 486 creates a groove thatfeeds
respective top and bottom holes 498, 500 that are open
to the interior of the hollow box. In exemplary form, each
connection wire 188 is received within the respective
grooves so that the distal ends of the connection wires
extend into the interior of the hollow box. Each end of the
connection wires 188 is enlarged to prohibit the end from
passing through the top and bottom holes 498, 500. In
other words, the holes 498, 500 are sized to allow
throughput of the connection wires 188, but are sized to
prohibit throughput of the enlarged end of the connection
wires. In this manner, tension can be applied the con-
nection wires 188 in order to cause the yoke 380 to pivot
with respect to the dual pivot joint 350. By applying ten-
sion to the top side connection wire 188, the yoke pivots
upward with respect to the dual pivotjoint 350. Converse-
ly, by applying tension to the bottom connection wire 188,
the yoke pivots downward with respect to the dual pivot
joint 350.

[0042] Adjacent the platform 482, on the left side, is
the left wing 450. The left wing 450 is laterally widest at
its distal end and tapers in a widthwise dimension, bound-
ed by an arcuate peripheral surface 504. The proximal
portion of the left wing 450 extends proximally beyond
the hollow box and includes a planar guide 506 that is
parallel to the left side plateau 476. A hole 508 extends
through the planar guide 506 and extends into commu-
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nication with an underneath trench 510 formed into the
bottom surface 512 of the left wing. This underneath
trench 510 terminates prior to reaching the distal end of
the left wing 450. In particular, the trench 510 terminates
and feeds into a distal tunnel 514 that extends through
a distal portion of the left wing 450. In this exemplary
embodiment, a second of the clip deployment wires 292
is fed past the proximal section 468, through the hole
508, along this underneath trench 510, through the tunnel
514 and exits distally from the tunnel.

[0043] Referring to FIGS. 27-35, the clip deployment
device 118 is partially received within the interior of the
hollow box. In exemplary form, the clip deployment de-
vice 118includes arectangular frame 520 having parallel
longitudinal sides 524, 526 that are connected to one
another via a distal cross-member 527 with rounded cor-
ners therebetween. In this exemplary embodiment, each
parallel side 524, 526 includes a substantially planar in-
terior wall 528 and a concave exterior wall 530, opposite
the interior wall. The concave nature of the exterior wall
530 creates a longitudinal channel, with one exterior
channel receiving a first of the clip deployment wires 292.
In addition, the parallel sides 524, 526 may include one
or more through orifices extending through the interior
and exterior walls 528, 530.

[0044] The proximal end of the rectangular frame 522
includes a pair of rounded corners that extend from the
parallel sides 524, 526. Each rounded corner on the prox-
imal end forms part of an S-shaped retainer 540, 542 that
is partially received within the hollow box interior of the
yoke 380. More specifically, both S-shaped retainers
540, 542 comprise a first rounded corner that transitions
into a straight segment 546, which transitions into a sem-
icircular segment 548. The S-shaped retainers 540, 542
are mirror images of one another, except that the one
retainer 540 includes an orifice 550 that extends through
the interior and exterior surfaces and along the majority
of the straight and semicircular segments 546, 548.
[0045] In order to secure the clip deployment device
118 to the yoke 380, two dowels 560 are inserted through
corresponding holes 562 in the top and bottom surfaces
440, 442 of the yoke. The holes 562 are sized to retain
the dowels 560 in position. But before the dowels 560
are inserted into the holes 562, the S-shaped retainers
540, 542 are inserted into the interior of the yoke 380. In
exemplary form, the vertical dimension of the S-shaped
retainers 540, 542 is such that the retainers are wedged
in between the top and bottom walls 440, 442 of the yoke
380. Moreover, the collective lengthwise dimension of
the S-shaped retainers 540, 542 is such that the retainers
are wedged in between the right and left side walls 444,
446. In this manner, even absent the dowels 560, there
is not significant play between the clip deploymentdevice
118 to the yoke 380 in the vertical and lateral directions.
In order to reduce play in the proximal-to-distal direction,
the dowels 560 are inserted through the holes 562 after
the semicircular segment 548 of each S-shaped retainers
540, 542 is positioned to partially outline an imaginary
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cylinder extending through the holes. This locks the S-
shaped retainers 540, 542 in position with respect to the
yoke 380, thereby mounting the clip deployment device
118 to the yoke.

[0046] The orifice 550 of the one retainer 540 provides
an egress hole through which a second of the clip de-
ployment wires 292 passes through. The second of the
clip deployment wires 292 extends into the interior of the
rectangular frame 522 and passes longitudinally along
the exterior of an elongated deployment plate 566. The
deployment plate 566 includes a pair of orifices 568 near
the proximal and distal ends of the plate. As will be dis-
cussed in more detail hereafter, the orifices 568 receive
suture loops 570 that are captured by the clip deployment
wire 292 passing therethrough.

[0047] The orifice 550 also provides an egress hole
through which the draw wires 228 pass through. The draw
wires 228 are initially routed into the interior of the rec-
tangular frame 522 to pass through an orifice 572 in one
of the proximal rounded corners. Both wires 228 extend
along the longitudinal channel of one of the parallel sides
524 created by the concave exterior wall 530. One of the
wires passes through a first proximal orifice 576 in the
first parallel side 524, while the second wire continues to
extend along the longitudinal channel until reaching a
second distal orifice 578. Both wires 228 then extend into
the interior of the rectangular frame 522 and pass per-
pendicularly through a second set of orifices 580 of the
elongated deployment plate 566. This second set of or-
ifices 580 are inset with respect to the pair of orifices 568
near the proximal and distal ends of the plate. The wires
are joined and create a closed loop coupled to the de-
ployment plate 566.

[0048] Referring to FIGS. 36-38 show one embodi-
ment of a left atrial appendage occlusion clamp 1110 in
an open position with spaced apart rigid clamping por-
tions 1102, 1104 and resilient or elastic urging members
1106, 1108 at opposite ends of each clamping portion
1102, 1104. Clamping portions 1102, 1104 may be tu-
bular, and both clamping portions 1102, 1104 may be at
least substantially parallel to each other when arrest, i.e.,
when they are not being used to clamp tissue. Clamping
portions 1102, 1104 may also be of substantially equal
length or of different length, and each may be of larger
outer diameter than the wire that may be used to form
each of the urging members 1106, 1108. In this regard,
the wire forming urging members 1106, 1108 can extend
through the hollow interiors of the clamping portions
1102, 1104. In this illustrative example, the urging mem-
bers 1106, 1108 are each shaped as a loop. The planes
defined by the looped configuration of each of the urging
members 1106, 1108 may be substantially parallel to
each other and, in turn, substantially perpendicular to
each of the clamping portions 1102, 1104. Of course,
other angular orientations are possible as well.

[0049] FIGS. 37-39 show the same clamp 1110 of
FIGS. 36-38 with the clamping portions 1102, 1104 in
their normally biased together positions. Contact be-
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tween the clamping portions 1102, 1104 may occur ini-
tially along their entire parallel lengths as shown. Of
course, since clamping portions 1102, 1104 are covered
in fabric, direct contact may occur between the fabric. In
FIGS. 36-39, only the structure and relative positions of
the rigid members 1102, 1104 and urging members 1106,
1108 are shown. The final assembly is depicted in FIGS.
40-42 which, although describing a slightly different em-
bodiment, show the general steps in the construction of
each embodiment. The clamping portions 1102, 1104
may be made from rigid tubes 1112, 1114 of a rigid metal
such as titanium disposed over a wire member 1116. In
this embodiment, titanium is used for its compatibility with
MRI imaging, its biocompatibility and its galvanic com-
patibility with the wire member 1116 when the wire mem-
ber 1116 is formed from superelastic materials such as
a nickel titanium alloy. This embodiment and the other
embodiments disclosed herein may use a superelastic
material such as a nickel titanium alloy to form the urging
members 1106, 1108. Superelastic properties will allow
the material to be greatly extended to open the clamping
portions 1106, 1108 of the clamp 1110 without perma-
nently deforming the material. These superelastic mate-
rials can also be compatible with MRl imaging and easily
tolerated as an implant material in the body. The rigid
tubular members 1112, 1114 of this embodiment are me-
chanically fastened to the underlying wire member 1116
preferably by mechanically swaging the titanium tubes
1112, 1114 to the wire members 1116. Although a single,
continuous wire member is shown directed through both
clamping portions 1102, 1104 and urging members 1106,
1108, the clamp 1110 of this embodiment may also be
made with two or more wires, or with any other suitable
components.

[0050] As shown in FIG. 40, in addition to being able
to close on tissue or anatomical structure in a parallel
fashion, the clamp 1110 can also apply force to the an-
atomical structure in a nonparallel clamping fashion. This
allows the clamp 1110 to accommodate non-uniform tis-
sue thickness over the length of the clamping portions
1102, 1104. In addition, with separate urging members
1106, 1108 at opposite ends of the clamping portions
1102, 1104 the nonparallel clamping can originate from
either side of the clamp 1110. The non-parallel clamping
feature of this embodiment allows the clamp 1110 to ac-
commodate a wide range of hollow anatomical structures
with varying wall thicknesses throughout its length and
breadth. For example, some anatomical structures such
as atrial appendages of the heart have internal structures
called trabeculae, which are non-uniform and very often
cause variable thicknesses across one or more of their
dimensions. Nonuniform clamping, therefore, can be ad-
vantageous in this application for this reason or for other
reasons.

[0051] FIG. 41 shows an alternate embodiment of a
clamp 1160 including two urging members 1166, 1168
shaped to resemble a letter "U" instead of the more cir-
cular loop configuration of the embodiment of FIGS.
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36-39. As is the case with the first clamp 1110, the U-
shaped urging members 1166, 1168 of clamp 1160 may
also lie in planes generally parallel to each other and
perpendicular to the axes of the clamping portions 1162,
1164. A potential use of the embodiment of FIG. 41 may
lieinthe lesser force exerted by U-shape urging members
1166, 1168 on the clamping portions 1162, 1164 with
respect to the force exerted by the loop-shape urging
members 1106, 1108 ofclamp 1110in FIGS. 36-39, mak-
ing it more suitable for clamping of anatomical structures
not requiring a relatively high clamping force. The U-
shape configuration of the urging members 1166, 1168
generally requires less space in the direction perpendic-
ular to the axes of the clamping portions 1162, 1164. FIG.
41 shows a first stage of assembly of the clamp 1160,
where the rigid tubular members 1163, 1165 are joined
with the superelastic wire member 1161. In this embod-
iment, mechanical swaging is used to join the tubular
members 1163, 1165 to the wire 1161. However, adhe-
sives or laser welding or other methods of attachment
could be easily used instead. Similarly, it will be appre-
ciated that rigid tubular members 1163, 1165 may not
necessarily need to be bonded to wire member 1161 at
all. One may rely, for example, on designing the rigid
tubular members 1163, 1165 so that their inside diame-
ters simply closely fit over the wire 1161. In addition, the
rigid tubular members 1163, 1165 could take on many
different cross sectional shapes. Cross-sectional shapes
such as ovals, triangles or rectangles with rounded edges
could be preferable and may eliminate the addition of the
load spreading platens 1167, 1169 shown in FIG. 42, as
these alternate shapes may provide a larger area of con-
tact against the anatomical structure to be engaged by
the clamp 1150. Since different anatomical structures
greatly vary from subject to subject, it is advantageous
to have a manufacturing method in which the length 1171
of the clamp 1160 can be easily varied. By cutting rigid
members 1163, 1165 to various different lengths, differ-
ent size assemblies can be configured.

[0052] FIG. 42 shows the next step in the assembly of
the clamp. Load spreading platens 1167, 1169 made of
plastic or other biocompatible material such as urethane,
may be slipped over the titanium or other suitable material
tubing that forms rigid tubular members 1163, 1165, to
provide a resilient surface 1173 to spread the load out
onto a larger surface area, thereby preventing point
source loading of the tissue which might otherwise result
in cutting of the tissue before it has had a chance to be-
come internally fused. The platens 1167, 1169 can be
assembled and applied over the rigid tubular members
1163, 1165 prior to the swaging step or platens 1167,
1169 can alternatively be manufactured in such a way
so as to have a longitudinal splitwhich allows the material
to be opened and forced onto the rigid tubular members
1163, 1165.

[0053] FIG. 43 shows the clamp 1160 after a fabric
cover material 1174 made of material such as polyester
has been sewn around the clamping portions 1162, 1164
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and urging members 1166, 1168. It will be appreciated
that this material or any other similar materials may be
used as a full or partial covering in any of the disclosed
embodiments. Such a material is preferably suitable to
engage the tissue of the anatomical structure being
clamped as well as that of surrounding areas. Preferably,
the material 1174 is circular warp knit fabric tube, with a
diameter of approximately 4 to 5 mm and made from a
combination of 4/100, 2/100 and 1/100 textured polyes-
ter. The material 1174 may also be heat-treated to cause
a velour effect. The fabric 1174 is furthermore sewn or
otherwise applied over the urging members 1166, 1168.
In addition, fabric pieces 1177 are attached at opposite
respective ends of clamping portions 1162, 1164 to pre-
vent any part of the engaged anatomical structure from
escaping the annular occlusion area between the clamp-
ing portions 1162, 1164. In other words, fabric pieces
1177 actas tissue blocking members or dams at opposite
ends of the clamp. This tissue blocking feature may also
be implemented into any other embodiment. This is de-
sirable as it minimizes the probability of unintentionally
leaving any part of the engaged anatomical structure un-
clamped. The material 1177, like material 1174, can also
promote tissue in-growth.

[0054] Following from the above description, it should
be apparent to those of ordinary skill in the art that, while
the apparatuses herein described constitute exemplary
embodiments of the present invention, it is to be under-
stood that the invention contained herein is not limited to
the above precise embodiment and that changes may
be made without departing from the scope of the inven-
tion as defined by the following claims. Likewise, it is to
be understood that it is not necessary to meet any or all
of the identified advantages or objects of the invention
disclosed herein in order to fall within the scope of the
invention, since inherent and/or unforeseen advantages
of the present invention may exist even though they may
not have been explicitly discussed herein.

Claims

1. A surgical device that may be used in minimally in-
vasive procedures comprising:

a handle housing (130, 132) operatively coupled
to a first control (168, 170), a second control
(218), and a third control (260);
arepositionable mechanism (302, 350, 380) op-
eratively coupled to the first control, the reposi-
tionable mechanism comprising a first compo-
nent (302) and a second component (350) se-
lectively repositionable, via the first control, with
respect to one another within an X-Y plane, the
repositionable mechanism also including a third
component (380) selectively repositionable, via
the first control, with respect to the second com-
ponent within an Y-Z plane;
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a conduit (112) extending between the handle
housing and the repositionable mechanism;

an occlusion clamp (1160);

an occlusion clamp deploymentdevice (118) op-
eratively coupled to the repositionable mecha-
nism and the second control, where the reposi-
tionable mechanism is between the conduit and
the occlusion clamp deployment device, the
second control including a lever repositionably
mounted to the handle housing, where the lever
is operatively coupled to the occlusion clamp
(1110, 1160) so that repositioning of the lever is
operative to open and close the occlusion clamp
when operatively coupled thereto; and,
wherein the third control is operatively coupled
to the occlusion clamp and the occlusion clamp
deploymentdevice and controls disengagement
of the occlusion clamp from the occlusion clamp
deployment device.

2. The surgical device of claim 1, wherein:

the first control includes afirst passive constraint
(148, 178) and a second passive constraint
(148, 178);

the first passive constraint in an unlocked posi-
tion allows free motion between the first compo-
nent and the second component within the X-Y
plane;

the first passive constraint in a locked position
retards free motion between the first component
and the second component within the X-Y plane;
the second passive constraint in an unlocked
position allows free motion between the second
component and the third component within the
Y-Z plane; and,

the second passive constraint in a locked posi-
tion retards free motion between the second
component and the third component within the
Y-Z plane.

3. The surgical device of claim 2, wherein:

the first passive constraint includes at least one
connection wire (190) in tension that is opera-
tively coupled to the second component and to
the handle housing; and,

the second passive constraint includes at least
one connection wire (188) in tension that is op-
eratively coupled to the third component and to
the handle housing.

4. The surgical device of any of claims 1 to 3, wherein:

the first control includes a repositionable button
(136) selectively coupled to a firstreel (180) and
a second reel (182), where the button is reposi-
tionable between a locked and an unlocked po-
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sition, where the locked position retards rotation
of the first reel and the second reel, and where
the unlocked position allows rotation of the first
reel and the second reel;

the first reel is operatively coupled to a first con-
nection wire (190) operatively coupled to the
third component;

the second reel is operatively coupled to a sec-
ond connection wire (188) operatively coupled
to the second component (350); and,

wherein thefirstreelis independently reposition-
able with respect to the second reel.

The surgical device of any preceding claim, wherein:

the lever is operatively coupled to

a first draw wire (228) operatively coupled to the
occlusion clamp deployment device so that
movement of the lever is operative to reposition
at least a portion of the occlusion clamp deploy-
ment device;

the lever is repositionable between a locked and
an unlocked position;

the unlocked position allows the lever to be re-
positioned; and,

the locked position retards the lever from being
repositioned.

The surgical device of any preceding claim, wherein
the third control is operatively coupled to a first clip
deployment wire (292) operatively coupled to the oc-
clusion clamp deployment device so that movement
of the third control is operative to reposition at least
a portion of the first clip deployment wire with respect
to the occlusion clamp deployment device.

The surgical device of claim 6, wherein:

the third controlincludes a plug (260) detachable
from the handle housing; and,

the plug is repositionable from an attached po-
sition coupled to the handle housing to a de-
tached position decoupled from the handle
housing;

repositioning the plug from the attached position
to the detached position causes more of the first
clip deployment wire to be drawn into the handle
housing and further away from the occlusion
clamp deployment device.

The surgical device of claim 7, wherein the occlusion
clamp (1160) is operatively coupled to the occlusion
clamp deployment device using the first clip deploy-
ment wire.

The surgical device of any preceding claim, wherein
the repositionable mechanism includes a robotic
grasping feature (452) to facilitate grasping and re-
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positioning of the repositionable mechanism by a ro-
botic grasper (456).

Patentanspriiche

Chirurgische Vorrichtung, die in minimalinvasiven
Verfahren eingesetzt werden kann, umfassend:

ein Handstlickgehause (130, 132), das funkti-
onsfahig mit einem ersten Regler (168, 170), ei-
nem zweiten Regler (218) und einem dritten
Regler (260) verbunden ist;

einen repositionierbaren Mechanismus (302,
350, 380), der funktionsfahig mit dem ersten
Regler verbunden ist, wobei der repositionier-
bare Mechanismus eine erste Komponente
(302) und eine zweite Komponente (350) um-
fasst, die Uber den ersten Regler im Verhaltnis
zueinander in einer X-Y-Ebene selektiv reposi-
tionierbar sind, wobei der repositionierbare Me-
chanismus ferner eine dritte Komponente (380)
aufweist, die Gber den ersten Regler im Verhalt-
nis zu der zweiten Komponente in einer Y-Z-
Ebene selektiv repositionierbar ist;

eine Leitung (112), die sich zwischen dem Hand-
stlickgehause und dem repositionierbaren Me-
chanismus erstreckt;

eine Verschlussklemme (1160);

eine Verschlussklemmen-Einsatzvorrichtung
(118), die funktionsfahig mit dem repositionier-
baren Mechanismus und dem zweiten Regler
gekoppelt ist, wobei sich der repositionierbare
Mechanismus zwischen der Leitung und der
Verschlussklemmen-Einsatzvorrichtung befin-
det, wobei der zweite Regler einen Hebel auf-
weist, der repositionierbare an dem Handstlick-
gehause montiertist, wobeider Hebel funktions-
fahig mit der Verschlussklemme (1110, 1160)
gekoppeltist, so dass eine Repositionierung des
Hebels so wirksam ist, dass sie die Verschluss-
klemme 6ffnet und schliel3t, wenn der Hebel mit
dieser funktionsfahig gekoppelt ist; und

wobei der dritte Regler funktionsfahig mit der
Verschlussklemme und der Verschlussklem-
men-Einsatzvorrichtung gekoppelt ist und das
Ausrlicken der Verschlussklemme von der Ver-
schlussklemmen-Einsatzvorrichtung steuert.

2. Chirurgische Vorrichtung nach Anspruch 1, wobei:

der erste Regler eine erste passive Einschran-
kungseinrichtung (148, 178) und eine zweite
passive Einschrankungseinrichtung (148, 178)
aufweist;

wobei die erste passive Einschrankungseinrich-
tung an einer entriegelten Stellung eine freie Be-
wegung zwischen der ersten Komponente und
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der zweiten Komponente in der X-Y-Ebene er-
moglicht;

wobei die erste passive Einschrankungseinrich-
tung an einer verriegelten Stellung eine freie Be-

der funktionsféhig mit der zweiten Komponente
(350) gekoppelt ist; und

wobei die erste Spule im Verhaltnis zu der zwei-
ten Spule unabhéangig repositionierbar ist.

der Hebel funktionsfahig mit einem ersten
Zugdraht (228) gekoppelt ist, der funktionsfahig
mit der Verschlussklemmen-Einsatzvorrichtung
gekoppelt ist, so dass eine Bewegung des He-

wegung zwischen der ersten Komponente und 5 bels so wirkt, dass sie wenigstens einen Teil der
der zweiten Komponente in der X-Y-Ebene Verschlussklemmen-Einsatzvorrichtung repo-
hemmt; sitioniert;
wobei die zweite passive Einschrankungsein- der Hebel zwischen einer verriegelten und einer
richtung an einer entriegelten Stellung eine freie entriegelten Stellung repositionierbar ist;
Bewegung zwischen der zweiten Komponente 70 die entriegelte Stellung die Repositionierung
und der dritten Komponente in der Y-Z-Ebene des Hebels erméglicht; und
ermdglicht; die verriegelte Stellung die Repositionierung
wobei die zweite passive Einschrankungsein- des Hebels hemmt.
richtung an einer verriegelten Stellung eine freie
Bewegung zwischen der zweiten Komponente 75 Chirurgische Vorrichtung nach einem der vorstehen-
und der dritten Komponente in der Y-Z-Ebene den Anspriiche, wobei der dritte Regler mit einem
hemmt. ersten Klammereinsatzdraht (292) gekoppeltist, der
funktionsfahig mit der Verschlussklemmen-Einsatz-
3. Chirurgische Vorrichtung nach Anspruch 2, wobei: vorrichtung gekoppelt ist, so dass eine Bewegung
20 des dritten Reglers so wirkt, dass wenigstens ein
die erste passive Einschrankungseinrichtung Teil des ersten Klammereinsatzdrahts im Verhaltnis
mindestens einen gespannten Verbindungs- zu der Verschlussklemmen-Einsatzvorrichtung re-
draht (190) aufweist, der funktionsfahig mit der positioniert wird.
zweiten Komponente und dem Handstiickge-
hause gekoppelt ist; und 25 Chirurgische Vorrichtung nach Anspruch 6, wobei:
die zweite passive Einschrankungseinrichtung
mindestens einen gespannten Verbindungs- der dritte Regler einen Stdpsel (260) aufweist,
draht (188) aufweist, der funktionsfahig mit der der von dem Handstlickgeh&use gelést werden
dritten Komponente und dem Handstlickgehau- kann; und
se gekoppelt ist. 30 der Stopsel von einer angebrachten Position,
gekoppelt mit dem Handstlickgehause, an eine
4. Chirurgische Vorrichtung nach einem der Anspriiche geloste Position, entkoppelt von dem Hand-
1 bis 3, wobei: stlickgehause, repositionierbar ist;
die Repositionierung des Stopsels aus der an-
der erste Regler eine repositionierbare Taste 35 gebrachten Position an die geldste Position be-
(136) aufweist, die selektiv mit einer ersten Spu- wirkt, dass ein grofierer Teil des ersten Klam-
le (180) und einer zweiten Spule (182) gekoppelt mereinsatzdrahtes in das Handstiickgehause
ist, wobei die Taste zwischen einer verriegelten gezogen wird und weiter weg von der Ver-
und einer entriegelten Stellung repositionierbar schlussklemmen-Einsatzvorrichtung.
ist, wobei die verriegelte Stellung eine Rotation 40
der ersten Spule und der zweiten Spule hemmt, Chirurgische Vorrichtung nach Anspruch 7, wobei
und wobei die entriegelte Position eine Rotation die Verschlussklemme (1160) unter Verwendung
der ersten Spule und der zweiten Spule ermég- des ersten Klammereinsatzdrahtes funktionsfahig
licht; mit der Verschlussklemmen-Einsatzvorrichtung ge-
wobei die erste Spule funktionsfahig mit einem 45 koppelt wird.
ersten Verbindungsdraht (190) gekoppelt ist,
der funktionsfahig mit der dritten Komponente Chirurgische Vorrichtung nach einem der vorstehen-
gekoppelt ist; den Anspriiche, wobei der repositionierbare Mecha-
wobei die zweite Spule funktionsfahig mit einem nismus ein robotergesteuertes Greifmerkmal (452)
zweiten Verbindungsdraht (188) gekoppelt ist, 50 aufweist, um das Greifen und Repositionieren des

repositionierbaren Mechanismus durch einen robo-
tergesteuerten Greifer (456) zu ermdglichen.

55 Revendications
5. Chirurgische Vorrichtung nach einem der vorstehen-
den Anspriiche, wobei: 1. Dispositif chirurgical qui peut étre utilisé dans des

procédures minimalement invasives comprenant :

14
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un boitier de poignée (130, 132) accouplé fonc-
tionnellement a une premiere commande (168,
170), une deuxieme commande (218) et une
troisieme commande (260) ;

un mécanisme repositionnable (302, 350, 380)
accouplé fonctionnellement a la premiére com-
mande, le mécanisme repositionnable compre-
nant un premier composant (302) et un deuxié-
me composant (350) repositionnables sélecti-
vement, par I'intermédiaire de la premiére com-
mande, I'un par rapport a I'autre dans un plan
X-Y, le mécanisme repositionnable comprenant
également un troisieme composant (380) repo-
sitionnable sélectivement, par I'intermédiaire de
la premiére commande, par rapport au deuxie-
me composant dans un plan Y-Z ;

un conduit (112) s’étendant entre le boitier de
poignée et le mécanisme repositionnable ;

une pince d’occlusion (1160) ;

un dispositif de déploiement de pince d’occlu-
sion (118) accouplé fonctionnellement au mé-
canisme repositionnable et a la deuxieme com-
mande, le mécanisme repositionnable étant en-
tre le conduit et le dispositif de déploiement de
pince d’occlusion, ladeuxieme commande com-
prenant un levier monté de maniére reposition-
nable sur le boitier de poignée, le levier étant
accouplé fonctionnellement a la pince d’occlu-
sion (1110, 1160) de sorte que le repositionne-
ment du levier soit opérationnel pour ouvrir et
fermer la pince d’occlusion quand il est accouplé
fonctionnellement a celle-ci ; et

la troisieme commande étant accouplée fonc-
tionnellement a la pince d’occlusion et au dis-
positif de déploiement de pince d’occlusion et
commandant la séparation de la pince d’occlu-
sion du dispositif de déploiement de pince d’oc-
clusion.

Dispositif chirurgical selon la revendication 1,

la premiére commande comprenant une premiére
contrainte passive (148, 178) et une seconde con-
trainte passive (148, 178) ;

la premiére contrainte passive en position déver-
rouillée permettant un mouvement libre entre le pre-
mier composant et le deuxiéme composant dans le
plan X-Y;

la premiére contrainte passive en position verrouillée
retardant le mouvement libre entre le premier com-
posant et le deuxieme composant dans le plan X-Y ;
la seconde contrainte passive en position déver-
rouillée permettant un mouvement libre entre le
deuxiéme composant et le troisieme composant
dans le plan Y-Z; et,

la seconde contrainte passive en position verrouillée
retardantle mouvementlibre entre le deuxiéme com-
posant et le troisieme composant dans le plan Y-Z.
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7.

Dispositif chirurgical selon la revendication 2,

la premiére contrainte passive comprenantau moins
un fil de liaison (190) en tension qui est accouplé
fonctionnellement au deuxiéme composant et au
boitier de poignée ; et,

la seconde contrainte passive comprenant au moins
un fil de liaison (188) en tension qui est accouplé
fonctionnellement au troisi€me composant et au boi-
tier de poignée.

Dispositif chirurgical selon 'une quelconque des re-
vendications 1 a 3,

la premiére commande comprenant un bouton re-
positionnable (136) accouplé sélectivement a une
premiére bobine (180) et a une seconde bobine
(182), le bouton étant repositionnable entre une po-
sition verrouillée et une position déverrouillée, la po-
sition verrouillée retardant la rotation de la premiere
bobine et de la seconde bobine, et la position déver-
rouillée permettant la rotation de la premiere bobine
et de la seconde bobine ;

la premiére bobine étant accouplée fonctionnelle-
ment a un premier fil de liaison (190) accouplé fonc-
tionnellement au troisitme composant ;

la seconde bobine étant accouplée fonctionnelle-
ment a un second fil de liaison (188) accouplé fonc-
tionnellement au deuxiéme composant (350) ; et,
la premiére bobine étant indépendamment reposi-
tionnable par rapport a la seconde bobine.

Dispositif chirurgical selon 'une quelconque des re-
vendications précédentes,

le levier étant accouplé fonctionnellement a un pre-
mier fil de traction (228) accouplé fonctionnellement
au dispositif de déploiement de pince d’occlusion de
sorte que le mouvement du levier soit opérationnel
pour repositionner au moins une partie du dispositif
de déploiement de pince d’occlusion ;

le levier étant repositionnable entre une position ver-
rouillée et une position déverrouillée ;

la position déverrouillée permettant au levier d’étre
repositionné ; et,

la position verrouillée retardant le repositionnement
du levier.

Dispositif chirurgical selon 'une quelconque des re-
vendications précédentes, la troisieme commande
étant accouplée fonctionnellement a un premier fil
de déploiement de pince (292) accouplé fonction-
nellement au dispositif de déploiement de pince d’oc-
clusion de sorte que le mouvement de la troisiéme
commande soit opérationnel pour repositionner au
moins une partie du premier fil de déploiement de
pince par rapport au dispositif de déploiement de
pince d’occlusion.

Dispositif chirurgical selon la revendication 6,
la troisieme commande comprenant un connecteur
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(260) détachable du boitier de poignée ; et,

le connecteur étant repositionnable d’'une position
fixée accouplée au boitier de poignée a une position
détachée séparée du boitier de poignée ;

le repositionnement du connecteur de la position
fixée a la position séparée faisant en sorte qu’'une
plus grande partie du premier fil de déploiement de
clip soit tirée dans le boitier de la poignée et plus loin
du dispositif de déploiement de pince d’occlusion.

Dispositif chirurgical selon la revendication 7, la pin-
ce d’occlusion (1160) étant accouplée fonctionnel-
lement au dispositif de déploiement de pince d’'oc-
clusion a I'aide du premier fil de déploiement de clip.

Dispositif chirurgical selon 'une quelconque des re-
vendications précédentes, le mécanisme reposition-
nable comprenant un élément de préhension robo-
tisé (452) pour faciliter la préhension et le reposition-
nement du mécanisme repositionnable par une pin-
ce robotisée (456).
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