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(57) Abrégée/Abstract:

A surgical clip applier includes a housing, a pair of handles pivotably connected to opposite sides of the housing, a channel
assembly which Is anchored to the housing and a jaw assembly which Is anchored to the channel assembly. A series of clips are
arranged serially in end to end relation and carried by the channel assembly. A clip follower urges the series of clips toward the jaw
members. A clip pusher Is slidably disposed in the channel assembly for advancing a distalmost clip from the series of clips to a
position between the jaw members In response to movement of the handles. A jaw closure mechanism Is provided to effect closure
of the jaw members to deform a clip positioned therebetween In response to movement of the handles. A lockout mechanism is
provided for rendering the clip applier inoperable upon deforming a last clip of the series of clips. The lockout mechanism includes
a first blocking member for engagement with the cam plate to prevent movement of the cam plate, and at least one frangible

member to disengage the cam plate from the handles upon closure of the handles when first blocking member Is engaged with the
cam plate.
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ABSTRACT OF THE DISCLOSURE

A surgical clip applier includes a housing, a pair
of handles pivotably connected to opposite sides of the
housing, a channel assembly which 1s anchored to the housing
and a jaw assembly which 1s anchored to the channel
assembly. A series of clips are arranged serially in end to
end relation and carried by the channel assembly. A clip
follower urges the series of clips toward the jaw members.

A clip pusher 1s slidably disposed i1n the channel assembly
for advancing a distalmost clip from the series of clips to
a position between the jJaw members 1in response to movement

P

cf the handles. A jaw closure mechanism 1s provided to

effect closure of the jaw members to deform a clip
positioned therebetween i1n response to movement of the
handles. A lockout mechanism 1s provided for rendering the
clip applier 1inoperable upon deforming a last clip of the
serles of clips. The lockout mechanism includes a first
blocking member for engagement with the cam plate to prevent
movement of the cam plate, and at least one frangible member
to disengage the cam plate from the handles upon closure of
the handles when first blocking member 1s engaged with the

cam plate.
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1
SURGICAL CLIP APPLIER
BACKGROUND

This is a division of copending Canadian Application
Serial No.: 2,187,976, filed October 16, 1996.
1. Technical Field

The present application relates to surgical clip
appliers, and in particular relates to instruments having a
plurality of clips for applying the clips to body tissues and
vessels during surgical procedures.
2. Discussion of the Prior Art

Surgical clip appliers are known 1n the art and have
increased 1n popularity among surgeons by offering an
alternative to conventional suturing of body tissues and
vessels. Typical instruments are disclosed in U.S. Patent No.
5,030,226 to Green et al. and U.S. Patent No. 5,431,668 to
Burbank, III et al. These instruments generally provide a
plurality of clips which are stored in the i1nstrument and
which are fed sequentially to the jaw mechanism at the distal
end of the instrument upon opening and closing of the handles
at the proximal end of the instrument. As the handles are
closed, the jaws close to deform a clip positioned between the
jaw members, and as the jJaws are opened to release the
deformed clip, a new clip is fed from the series to a position
between the jJaws. Thls process 1s repeated until all the

clips 1n the series of clips have been used.

Surgical clip appliers in the prior art are known to

include some type of lockout mechanism which prevents closing

(=

of the handles, and consequentially closing of the jaws if

there are no clips present in the instrument. These lockout

mechanisms prevent closure of the jaws about tissue, which can

traumatize the tissue and perhaps cause serious damage to the

tissue or vessel when a clip is not present in the jaws.

However, many of
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the prior art instruments provide a lockout mechanism
which interferes with the closure of the jaws, and upon
the application of enough force to the handles, the

lockout mechanism many times may be defeated. In order
to prevent this, complex mechanisms a re often provided,
resulting in increased cost of manufacture of the
instrument.

In addition, many of the prior art instruments
provide complex mechanical arrangements for closing the
jaws while simultaneously preparing for feeding the next
clip into the jaws after the clip positioned between the
jaws 1s deformed and then released. These complex
mechanisms, such as that shown in U.S. Patent No.
5,431,668 to Burbank, III et al., require numerous parts
which increases the cost of manufacture, as well as
increasing the time it takes to assemble each instrument.
In addition, these instruments generally drive a first
component, such as the channel assembly, in one direction
to close the jaws while simultaneously drawing the clip
pusher bar in an opposite direction to prepare for
feeding the next clip in the series of clips to the jaw
mechanism. This arrangement typically requires
additional moving parts, also tending to increase the
cost of manufacture and increase the time of assembly.

The need therefore exists for an instrument for
applying surgical clips which reduces the number of
parts, and consequently reduces the cost of the
instrument, while at the same time reducing the amount of
time needed to assemble the instrument during
manufacture. A specific need exists for an instrument
which minimizés the number of moving parts and
synchronizes the moving parts so that they move in the
same direction upon closing and opening of the handles.
By minimizing the number of moving parts, and
synchronizing the direction of movement of the moving
parts, the instrument becomes sturdier and easier to

manipulate during the surgical procedure.
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The need also exists for an instrument having a
lockout mechanism which both prevents closing of the jaws
by providing a reliable blocking mechanism, while at the
same time providing a mechanism for rendering the
instrument inoperable upon the application of a
predetermined force to the handles after all the clips in

the instrument have been utilized during the surgical

- procedure.

SUMMARY

A surgical clip applier is disclosed which is
both highly efficient and reliable, and which reduces the
number of parts which make up the instrument to provide a
low cost, easy to assemble instrument. The instrument
synchronizes the direction of movement of the moving
parts of the instrument upon opening and closing of the
handles, resulting in a sturdier and more reliable clip
applier.

The surgical clip applier includes a housing at
a proximal end of the instrument, with a palr of handles
pivotably attached to the housing on opposite sides of
the instrument. A channel assembly or body portion
extends from the housing and 1s fixedly secured thereto.
The channel assembly terminates in a jaw assembly which
includes a pair of jaw members which are fixedly secured
to the distal end of the channel assembly. Neither the

channel nor the jaws move during opening and closing of
the handles with respect to a longitudinal axis of the
instrument, as defined by the channel aSSembly.

The handles are secured to the housing at a
pivot point, and further include a pair of links

connecting each handle to the movable components

positioned within the housing. A first link connects

each handle to a cam plate which is slidably positioned

in the channel assembly and which is operably connected
to the jaw members for opening and closing the jaw

members as the handles open and close. A second link 1s
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provided on each handle and is connected to a drive plate
which controls the movement of a clip pusher bar, which
itself 1s slidably positioned within the channel assembly
and terminates adjacent the jaw members. Also positioned
within the channel assembly 1s a plurality of clips
arranged in series relation on a clip carrier. The
series of clips is urged distally towards the jaw members
by a clip follower which 1s biased in the distal
direction by a constant force spring.

It 1s desirable for the clip applier to have a
clip initially stored between the jaw members so that the
clip applier is ready to use after it is removed from its
package. Alternately, the i1nstrument may be packaged
with the handles already i1n the closed positioh, so that
as the instrument 1is removed from the package, the
handles open to advance a clip to the jaws, as described
below, and the instrument 1s ready to use. As the jaws
are positioned about tissue, or about a hollow vessel
such as a body duct or blood vessel, the surgeon squeezes
the handles to move the handles from the open position to
the closed position. As this occurs, the first link on
the handles causes the cam plate to move in a proximal
direction against the biasing of a cam plate spring
positioned in the housing. The distal end of the cam
plate preferably includes a pair of slots each of which
are angled in a direction towards the longitudinal axis
of the instrument. The jaw members preferably include a
palr of upstanding rivets which are positioned in the
slots on the cam plate, such that when the cam plate is
drawn in a proximal direction upon closing of the
handles, the rivets ride in the slots and function to
close the jaws to deform the clip positioned between the
Jjaws.

As the handles are closed, the second link on
the handles serves to move the clip pusher bar in a
proximal direction against the biasing of a pusher bar
spring. At the distal end of the instrument, the nose
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portion of the pusher bar is moved into position behind
the distalmost clip in the series of clips and is ready
to feed the next clip to the jaws. As the pusher bar is
moved 1n the proximal direction, upon completion of the
closing stroke of the handles, the pusher bar is latched
by a spring biased latch member in the housing so that
the nose portion is held in position behind the
distalmost clip.

As the handles are released, the cam plate
moves distally under the biasing of the cam plate spring
in the housing, and the distal movement of the cam plate
permlits the jaw rivets to ride in the cam plate slots to
force the jaws open, thus releasing the deformed clip
from between the jaws. The pusher bar is latched and is
held agalnst forward movement for a delay period until
the handles and jaws are completely opened, at which time
the latch 1s released and the pusher bar is moved in a
distal direction under the influence of the biasing
spring. As the pusher bar moves in the distal direction,
the nose portion of the pusher bar feeds the distalmost
clip from the series of clips into the jaw members.

The clip applier thus accomplishes the crimping
and feeding process by maintaining the channel assembly
and the jaw members 1n a stationary position with respect
to the longitudinal axils, thereby adding stability and
strength to the instrument. The clip applier also

provides for synchronized movement of all components in a
first direction, i1.e. moving the cam plate and clip
pusher bar in a proximal direction during deformation of
a clip that is positioned between the jaw members, and
then moving all movable components in a distal direction
to open the jaws and feed the distalmost clip from the
series of clips to the jaws for the next clip applying
procedure.

A novel lockout mechanism is also provided
which ensures that the instrument will not operate after

the last clip 1n the series of clips has been deformed
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and released from the instrument, and ensures that the
instrument 1s rendered 1inoperable through the provision
of a novel destructive lockout mechanism. The clip
applier thus provides a lockout mechanism which is in
effect a three-way lockout when the series of clips has
been spent.

The lockout mechanism utilizes the clip
follower, which urges the series of clips in a distal
direction through the c¢lip carrier under the influence of
a constant force spring, to prevent movement of both the
cam plate and the pusher bar member after all the clips
are spent. The cam plate 1tself also includes a novel
mechanism for rendering the instrument inoperable through
the provision of a frangible portion on a part of the cam
plate which 1s located in the housing.

Once all the clips have been spent from the
series of clips, the lockout mechanism blocks movement of
the pusher bar member and the cam plate at the distal end
of the instrument. If the user tries to close the
handles at this point, in an attempt to defeat the
lockout mechanism at the distal end of the instrument,
the frangible portion of the cam plate located within the
housing will rupture, thus disengaging the handle from
the cam plate, and rendering the instrument useless.

This ensures that no damage can be done to tissues or
vessels if the surgeon inadvertently tries to close the

handles after the clips have all been utilized.
The surgical clip applier may also be provided

with a selectable ratchet mechanism located on the
housing which permits the surgeon to incrementally close
the jaws about a vessel or a shunt positioned in a
tubular vessel, thus permitting the application of
partially closed Clips. The instrument may also be
operated without the ratchet, simply by disengaging the

ratchet mechanism prior to operation.
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BRIEF DESCRIPTION OF THE DRAWINGS

The present clip applier will be more fully
appreciated as the same becomes better understood from

- the following detailed description when considered in

connection with the following drawings, in which:

Fig. 1 i1llustrates a perspective view of the
clip applier showing what 1is considered the bottom of the
instrument;

Fig. 2 1llustrates a perspective view of the
clip applier showing what 1s considered to be the top of
the instrument; |

Fig. 3 illustrates a bottom plan view of the
clip applier; |

Fig. 4 1llustrates a side plan view of the clip
applier:;

Fig. 5 illustrates a front plan view of the
clip applier;

Fig. 6 illustrates a rear plan view of the clip
applier;

Fig. 7 illustrates an exploded perspective view
of the clip applier:;

Fig. 7A illustrates an exploded perspective
view of an alternate embodiment of the clip applier;

Fig. 8 i1llustrates an exploded perspective view
of the channel subassembly of the clip applier of Fig. 7;

Fig. 8A 1llustrates an enlarged perspective
view showing in detail the rack portion of the ratchet
mechanism of the clip applier of Fig. 8;

Fig. 9 1llustrates an enlarged perspective view
of the distal end of the assembled channel subassembly of
Fig. 8;

Figs. 10A and 10B illustrate an enlarged plan
view of the cam plate and jaw assembly showing the
closing operation of the jaw assembly;

Fig. 10C illustrates an enlarged plan view of
the distal end of the cam plate;

Fig. 11 illustrates an exploded perspective of
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the clip pusher bar subassembly as well as the selectable

ratchet mechanism;

Fig. 11A 1llustrates an exploded perspective
view of the pusher bar subassembly and an alternate
embodiment of the ratchet mechanisn;

| Fig. 12 illustrates an enlarged perspective
view of the nose portion of the pusher bar taken along
lines 12-12 of Fig. 11;

Figs. 13A and 13B illustrate a perspective view
of the channel cover with respect to the pusher bar
member;

Fig. 14 illustrates an exploded perspective
view of the clip carrier subassembly which includes the
series of clips and the clip follower;

Figs. 14A and 14B illustrate an enlarged
perspective view of the distal end of the clip carrier
showing the clip carrier with and without clips loaded
thereon, respectively;

Fig. 15 1llustrates a partial perspective view
of the clip carrier subassembly showing the clip follower
in position behind the series of clips;

Fig. 16 illustrates a side cross-sectional view
of the clip follower taken along lines 16-16 of Fig. 15;

Figs. 17A and 17B illustrate a perspective view
in partial cutaway of the assembly of the clip follower
spring to the clip carrier;

Figs. 18A-18C 1llustrate the assembly of the
handle members of the clip applier;

Fig. 19 illustrates a perspective view of the
handle of the clip applier, with the top cover removed,

showing the components in the housing as the handles are
closed;

Fig. 19A illustrates a perspective view of the
distal end of the instrument with the channel cover
removed, showing the position of the jaws corresponding
to the position of the handles as shown 1in Fig. 19;

Fig. 19B illustrates a top plan view of the
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o
housing with the top housing removed showing the position of the components
with the handles in the ciosed position corresponding to Fig. 19;

Fig. 20 is a perspective view of the housing with the top housing
removed showing the position of the components when the handles are in the
opening stroke;

Fig. 20A illustrates a perspective view of the distal end of the
instrument with the channel cover removed showing the position of the
components when the handles are in the position shown in Fig. 20;

Fig. 20B illustrates a plan view of the housing with the top
housing removed showing the position of the components when the handles
are in the position as shown in Fig. 20;

Fig. 21 illustrates a perspective view with the top housing
removed showing the position of the components when the handles are in the
fully opened position;

Fig., 21A illustrates a perspective view of the distal end of the
instrument with the channel cover removed showing the position of the
components when the handles are in the position of Fig. 21;

Fig. 21B illustrates a plan view with the top housing removed
showing the position of the components when the handles are in the fully
opened position of Fig. 21;

Fig. 22 illustrates the distal end of the channel assembly in cross-
section;

Figs. 22A and 228B illustrate an enlarged cross-sectional view of
the detail of Fig. 22 showing the distalmost clip in the series of clips prior to
feeding to the jaw members and during the feeding process, respectively;

Figs. 22C-22E illustrate a side cross-sectional view of the clip
feeding process;

Fig. 23 illustrates a perspective view of the handle of the clip
applier, with the top cover removed showing the components in the housing as
the handles are closed according to an alternate embodiment of the present
iInvention:

Fig. 23A illustrates a perspective view of the distal end of the
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10
instrument with the channel cover re’moved, showing the position of the jaws
corresponding to the position of the handles as shown in Fig. 23;

Fig. 23B illustrates a plan view of the housing with the top
housing removed showing the position of the components with the handles in
the closed position corresponding to Fig. 23;

Fig. 24 illustrates a perspective view of the handle of the clip
applier, with the top cover removed showing the components In the housing as
the handles are in the opening stroke according to an alternate embodiment of
the present invention;

Fig. 24A illustrates a perspective view of the distal end of the
instrument with the channel cover removed, showing the position of the
components when the handles are in the position shown in Fig. 24;

Fig. 24B illustrates a top plan view of the housing with the top
housing removed showing the position of the components when the handles
are in the position in Fig. 24;

Fig. 25 illustrates a perspective view, with the top cover removed,
showing the position of the components when the handles are in the fully
opened position according to an alternate embodiment of the present invention;

Fig. 25A illustrates a perspective view of the distal end of the
instrument with the channei cover removed, showing the position of the
components when the handles are in the position shown in Fig. 25;

Fig. 25B illustrates a top plan view of the housing with the top
housing removed showing the position of the components with the handles in
the position shown in Fig. 25;

Fig. 26 illustrates a cross-sectional view of the distal end of the
channel assembly showing the dual lockout mechanism of the clip applier; and

Fig. 26A illustrates an enlarged cross-sectional view of the detall
of Fig. 26.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
Referring now to the drawings, in which like reference numerals
identify similar or identical elements throughout the several views, and referring

in particular to Figs. 1-6, the surgical clip applier 10 includes a housing 12
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10a
having an upper housing half 12a and lower housing half 12b. A pair of
handles 14 are pivotably secured to the housing 12 and extend outwardly
therefrom. A channel assembly 16 is fixedly secured to the housing 12 and
extends outwardly therefrom, terminating in a jaw assembly 18. A ratchet
button 20, whose function will be described below, is provided on housing 12
for selectively engaging and disengaging the ratchet mechanism positioned
within the housing.

Referring now to Fig. 7, there is illustrated an exploded
perspective view of clip applier 10 which shows the components of the
instrument. Housing halves 12a and 12b preferably fit together by snap fit
although any suitabie method for securing the handle halves together in a
conventional manner is acceptable. Channel assembly 16 includes channel
subassembly 22, and clip carrier 24 which includes a plurality of clips 26 which
are urged towards the jaw assembly 18 by clip follower 28. Clip pusher bar 30
is also positioned in channel assembly 16 and is enclosed within the channel
assembly 16 by channel cover 32. The channel assembly 16 is secured to
housing 12 through the provision of channel mounting slots 80, as best seen in
Fig. 8, which fit onto channel mounting posts 81 which are positioned within the

housing. This post and slot arrangement fixedly secures
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the channel 78 of channel assembly 16 to the housing.

Also positioned within housing 12, 1is drive
plate 34 which controls movement of the clip pusher bar
30. Drive plate 34 cooperates with latch plate 40 and
latch spring 42 to control the movement of pusher bar 30
in a distal direction for feeding clips to the jaw
assembly. Cam plate spring 44 and pusher bar spring 46
are assembled with spring sleeve 48 to bias the cam plate
and pusher bar, respectively in a distal direction. Also
included within housing 12 is a ratchet medhanism, having
rack 38, as best seen in Fig. 8A, preferably positioned
on cam plate 73, which is engaged by pawl 98 (as seen in
Fig. 11) which is mounted on ratchet slide 36. Ratchet
slide 36 is controlled by ratchet button 20 which serves
to move pawl 98 into or out of engagement with rack 38.

Handles 14 are secured to housing 12 by handle
pivot posts 51. A pair of l1link members 50 and 52 are
provided, where pusher bar link 50 is connected to drive
plate 34 to control the movement of pusher bar 30, while
cam plate link 52 i1is secured to cam plate 73 to control
the movement of the cam plate 73.

Fig. 7A 1llustrates an exploded perspective
view of clip applier 10, where all the components are
substantially the same as those shown in Fig. 7, except
for the provision of rack 37 on drive plate 34a. Rack 37
is engaged by pawl 98 of ratchet slide 36 in the manner
described with respect to Fig. 7. Ratchet button 20
selectively engages or disengages pawl 98 with rack 37 to
selectively engage or disengage the ratchet mechanism.

Figs. 8-~10 illustrate, in an exploded
perspective view, the components which make up channel
subassembly 22. Channel subassembly 22 includes channel
78, which as described above, is secured against movement
to housing 12 through the provision of channel mounting
slots 80 which fit over channel mounting posts 81 on the
housing half 12b. Slidably positioned within channel 78
is cam plate 73 which functions to open and close the jaw
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members of jaw subassembly 60. Jaw subassembly 60
includes a palr of jaw members 62 which are connected to
each other by bridge portion 64. Jaw subéssembly 60 1s
secured to channel subassémbly 22 by jaw anchor rivet 68
which passes through the central slot 91 of cam plate 73,
through jaw anchor rivet hole 66 in bridge portion 64,
through hole 77 of jaw guard 76, and through rivet hole
79 of channel 78. Cam plate 73 i1is slidably secured to
channel 78 by rivet 68, and is further slidably secured
to jaw subassembly 60 through the provision of jaw drive
rivets 72 which are positioned in slots 74 and are
secured to jaw members 62 at jaw drive rivet holes 70.

Referring to Fig. 9, there is shown the jaw
subassembly fully assembled on channel subassembly 22.
When assembled, jaw drive rivets 72 are fit in slots 74,
thus slidably securing cam plate 73 to the jaw
subassembly 60. Anchor rivet 68 slidably secures cam
plate 73 to jaw subassembly 60, and further fixedly
secures Jaw subassembly 60 and jaw guard 76 to channel
78. The cam plate, jaw subassembly and jaw guard
arrangement 1s fit onto channel 78 and under jaw support
bridge 82 as shown in Fig. 9.

As best seen in Fig. 10A-C, cam plate 73 is
positioned on jaw subassembly 60 by aligning drive rivets
72 in the mounting keyway 84 of cam slots 74. This
permits the larger head of the rivet 72 to pass through
the slots 74. Once the cam plate is positioned with
respect to drive rivets 72, anchor rivet 68 is positioned
as shown through anchor rivet hole 66 in the bridge
portion 64 as it passes through the central slot 91 of
cam plate 73. Central slot 91 of cam plate 73 terminates
at lockout abutment surface 92, whose function will be
described hereinbelow.

The construction of jaw subassembly 60 utilizes
the natural spring tendency of the material of which jaw
subassembly is constructed to maintain the jaws 62 spaced

from each other. In this manner, during a closing stroke
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of the handles, as cam plate 73 moves in the direction of
arrow "A" as shown in Fig. 10B, jaw members 62 are cammed
towards each other in the direction of arrow "B" as jaw
drive rivets 72 ride along surfaces 89 of cam slots 74.
Cam slots 74 are designed to provide a constant closing
force on the jaw members 62 and consequently on a clip
positioned therebetween. To this end, reference is made
to Fig. 10C which illustrates the paths of travel of the
rivets as cam plate 73 is moved in the direction of arrow
"A", Drive rivets 72 travel along first segment 88 and
then pass over angled portion 86 of surface 89 and the
stroke continues along second segment 90. The angle
"theta" 1s preferably between about 165° and 175°, and
preferably is about 168°. The smooth transition over
angled portion 86 permits a constant closing force on the
jaw members 62 to efficiently crimp or deform the clip
positioned in the jaw members. The angle of segments 88
and 90 also provide for a uniform or constant application
force to the handles to effect the deformation of the
clip. At the start of the closing stroke, the rate of
closure is quick, and therefore the angle of segment 88
is steep with respect to the longitudinal axis. As the
rate of closure decreases, as the crimping of the clip
proceeds, the angle of the slot, as at segment 90,
lessens with respect to the longitudinal axis to keep the
force of closure constant during the completion of the
closing stroke. That is, the force required to initiate
the closing stroke, the force during the closing stroke,
and the force required to complete the closing stroke,
are substantially the same due to the angle "theta"
between segments 88 and 90.

Referring back to Figs. 8 and 8A, the proximal
end of cam plate 73 includes a flared portion 55 having
pivot pin holes 56 provided therein. Pivot pin holes 56
accommodate the pivot pins of links 52 of handle 14 to
control movement of the cam plate 73 upon closure of the

handles 14. Flared portion 55 also includes frangible
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portions 57 and lockout slots 58, which will be described
in detail below. The proximal end of cam plate 73
includes spring abutment surface 54 which abuts against
cam plate spring 44, which fits over spring sleeve 48 as
wlll be described below. Cam plate 73, as described
above, also includes rack 38 of the ratchet mechanismn.

Referring now to Figs. 11 and 12, there is
illustrated the pusher bar member 30 and the mechanism
which controls pusher bar member 30. Pusher bar member
30 terminates at its distal end in nose portion 118,
which as shown in Fig. 12, includes nose engaging surface
120 which engages the clips to be fed to the jaw
mechanism, and ramped portion 122, whose function will be
described below. Figs. 13A and 13B show the position of
nose portion 118 with respect to the distal end of
channel cover 32, where nose portion 118 fits within a
nose portion groove 128 adjacent the tissue stop 129 of
channel cover 32. Channel cover 32 also includes lockout
ramp 130, over which pusher bar slot 132 is positioned,
and whose function will be described below.

As seen in Fig. 11, drive plate 34 includes
pusher bar link post members 94 to which are secured
pusher bar links 50 of handles 14. Drive plate 34 also
includes driving abutment surface 114 which engages
pusher bar drive tab 116, and further includes latch cam
slot 106 which accommodates latch post 104 of latch plate
40. Latch post 104 cooperates with cam surface 108 of
latch cam slot 106 to release pusher bar 30 to feed a
clip to the jaw mechanism as will be described below.
Latch plate 40 also includes latching bar 110 which
engages latch tab 112 of pusher bar 30 as will be
described below.

The proximal end of pusher bar 30 includes
spring abutment surface 124 which engages pusher bar
spring 46 which is fit in the cavity 126 of spring sleeve
48. Spring 46 bilases pusher bar 30 in a distal direction
towards the jaw assembly. &
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Also shown in Fig. 11 1s the ratchet mechanism
which includes ratchet button 20 to which is secured
ratchet slide 36. Ratchet slide 36 i1includes pawl post 96
upon which pawl 98 is positioned, and pawl tooth 102 is
biased into position by pawl spring 100. The function of
the ratchet mechanism will be described below.

Fig. 11A 1llustrates an alternate embodiment of
the pusher bar subassembly i1n which the ratchet mechanism
is incorporated into the pusher bar subassembly. Fig.
11A is substantially the same as Fig. 11 except that
drive plate 34a includes the rack 37 of the ratchet
mechanism, whereby the‘pawl tooth 102 engages the rack
when the ratchet button 20 selectively engages the
ratchet mechanism. The function of this mechanism will
be described below.

‘Turning now to Figs. 14-~16, there is
illustrated the clip carrier subassembly which includes
clip carrier 24 upon which 1is positioned a series of
clips 26 which are urged in the distal direction by clip
follower 28. Clip follower 28 includes cam plate lockout
134, having pivot surface 136, ramp surface 137 and
blocking surface 138, whose function will be described
below. Pivot surface 136 cooperates with pivot surface
154 on clip follower 28 as shown in Fig. 16, and will be
described in detail below. Cam plate lockout 134 is
positioned in lockout housing 140 at lockout aperture

156.
Clip follower 28 also includes clip engaging

posts 144, which engage the proximalmost clip 1in the
series of clips to urge the entire series of clips
towards the clip exit portion 160 of clip carrier 24.
Adjacent clip engaging posts 144 is a lockout aperture
146 which includes blocking wall 148 and ramped surface

158, whose function will be described below. Clip

follower 28 is urged in the distal direction by constant
force spring 142 which is secured at feed spring tab 150
to feed spring catch 152 on c¢lip carrier 24, as



10

15

20

25

30

35

CA 02520746 1996-10-16

16

illustrated in Figs. 17A and 17B. When the series of
clips is present on clip carrier 24, constant force
spring 142 is unrolled, to provide the biasing force on
the series of clips. As the clips are dispensed, spring

142 coils or rolls up on itself, to move clip follower 28

in the distal direction and urge the clips towards the

jaw mechanilism.

As illustrated in Figs. 14A and 14B, the series
of clips are held in place by the combination of clip '
holding lance 166 which provides a downward force on the
spring, and clip holding lance 168 which provides an
upward force on the spring. Clip stop 164 prevents
rearward movement of the distalmost clip 26'. As will be
described below, clip ramp 162 is at the distal end of
clip carrier 24.

- Figs. 18A-18C 1llustrate the construction and
assembly of handles 14. Links 50 and 52 are secured to
the handle 14 at link post 172 and link slot 170,
respectively. The post of link 52 slides 1into slot 170,
and the slot of link 50 slides over post 172, as seen 1n
Fig. 18B. The links are then rotated as shown 1in Fig.
18C to complete the assembly. Handle 14 1is secured to
housing 12 by handle pivot post 51.

' The operation of clip applier 10 will now be
described, with particulér reference to Figs. 19-22.
Instrument 10 can be packaged with a clip 26 disposed

between the jaw members 62 so that the instrument 1is

‘ready to use immediately or can be packaged with the

handles in the closed position, so that as the instrument

is removed from the package, the handles move to the open
position to feed a clip to the jaws to place the
instrument into a "ready" condition. To close a clip, as
seen in Fig. 19, handles 14 are moved from the open
position to the closed position as shown, which causes a
clip 26' to be deformed between the Jaw members 62 as
shown in Fig. 19A. As the handles close, links 50 and 52

are moved in the proximal direction as shown by the
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arrows in Fig. 19B. For purposes of this discussion, it
will be assumed that the ratchet mechanism 1s 1in the
engaged state, which is shown in phantom as reference
numeral 200 in Fig. 19B. The disengaged state would
position ratchet button 20 as shown in phantom at
reference numeral 201.

As handles 14 are closed, links 52, whose pivot
pins are positioned in pivot pin holes 56 of flared
portion 55 of cam plate 73 move the cam plate i1n the
proximal direction against the biasing of spring 44 which
is moved to a compressed state by spring abutment surface
54. As cam plate 73 moves rearwardly, pawl tooth 102 of
pawl 98 enQages the teeth of rack 38 to permit
incremental closure of the jaw mechanism. The ratchet
mechanism also permits the surgeon to stop during the
closing stroke if he so desires without losing the clip
from the jaw mechanism. Once handles 14, and
consequently cam plate 73 is moved to the position shown
in Figs. 19 and 19B, the jaw members 62 are moved to the
position shown in Fig. 19A to deform a clip 26'
positioned therebetween. This occurs by moving cam plate
73 in a proximal direction so that drive rivets 72 travel
along rivet slots 74 which causes the jaws to be moved
towards each other. (See Fig. 10B.) With the ratchet 1in
the on position, a full stroke must be completed for the

handles to be moved back to the open position. Since the

ratchet is selectable, it may be disengaged during a

closing stroke to permit release of a partially closed
clip. A partially closed clip may be formed when the
ratchet is not engaged during the closing stroke.

| As handles 14 are moved to the position shown
in Figs. 19 and 19B, links 50, which are secured to drive
plate 34 at pusher bar link post 94 move drive plate 34
in the proximal direction to the position shown 1in Fig.
19B. As this occurs, the driving abutment surface 114 of
drive plate 34 engages drive tab 116 of pusher bar 30 to

drive pusher bar 30 in the proximal direction against the
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biasing of pusher spring 46. As thils occurs, latch plate
40, which is biased downwardly by latch spring 42, rides
along the edge of pusher bar 30 as pusher bar 30 moves in

the proximal direction. Latch locking bar 110 rides on

the ramped surface 111 until the ramped surface 111
clears the latch locking bar 110 so that latch locking
bar 110 is positioned against pusher bar latch tab 112 as
shown in Fig. 19B. Pusher bar 30 is therefore latched
into the position shown in Fig. 19B.

Referring to Fig. 19A, 1t can be seen that the
pusher bar 30 has moved proximally so that nose portion
118 is positioned behind the next c¢lip in the series,
which is held on clip carrier 24 by clip holding lances
166 and 168 as described above.

As the handles are released, they begin to move
from the closed position to the open position under the
bias of spring 44, as shown in Figs. 20, 20A and 20B. As
seen in Figs. 20 and 20B, links 50 and 52 begin to move
drive plate 34 and cam plate 73, respectively, 1in the
distal direction towards the jaw mechanism. As can be
seen in Fig. 20B, pawl 98, on completion of the closure
stroke, completely passes rack 38 and rotates under the
biasing of spring 100 to the position shown in Fig. 20B.
This permits unimpeded movement of the rack 38 over the
pawl tooth 102 to permit the handles to return to an open
position. As seen in Fig. 20A, jaw members 62 begin to
open as cam plate 73 slides in the distal direction so
that rivets 72 travel in the slots 74, forcing the jaw
members 62 away from each other. As the handles continue
to open, drive plate 34 moves with links 50 in the distal
direction as the handles are opened under the influence
of spring 44. However, as can be seen in Figs. 20 and
20B, pusher bar 30 remains latched at pusher bar latch
tab 112 as it 1s engaged by latch locking bar 110 of
latch plate 40. Driving abutment surface 114 of drive
plate 34 moves away from drive tab 116 of pusher bar 30.

Drive plate 34, as stated above, includes latch
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cam slot 106 which accommodates latch post 104 of latch
plate 40. As drive plate 34 moves in the distal
direction, post 104 rides 1in slot 106 until post 104
engages cam surface 108 of latch cam slot 106. As this
occurs, and as will be described with reference to Figs.
21 and 21B, the ramped surface of cam slot 108 causes
post 104 to ride up the ramped surface against the
biasing of spring 42. Fig. 20A shows. the nose portion
118 of pusher bar 30 in position behind the distalmost
clip 26' of the series of clips ready to be fed into the
jaw members 62.

Referring now to Figs. 21, 21A and 21B, as the
handles fully open, post 104 has moved along the ramped
surface of canm Surface 108 to lift latch locking bar 110
over pusher bar latch tab 112. Due to the blasing of
spring 46, pusher bar 30 moves in the distal direction
until pusher bar drive tab 116 engages driving abutment
surface 114 of drive plate 34 as shown in Fig. 21B. As
seen in Fig. 21A, at this time cam plate 73 has returned
to the at rest position where drive rivet 72 is in the
proximalmost end of drive slots 74, thus opening the jaw
members 62 fully to accept the clip 26'. Once latch
locking bar 110 has cleared pusher bar latch tab 112,
pusher bar 30 1s moved under the bias of spring 46 in the
distal direction so that nose portion 118 slides the
distalmost clip 26' into position between the jaws. At
this point, the instrument is ready to apply another clip
and is in the "ready" position. As also seen in Fig.
21B, the pawl 98 has rotated to its "ready" position to
engage the rack 38 upon the closing stroke of the handles
14. |

Figs. 22 and 22A-22E 1illustrate a cross-
sectional view of the clip loading process at the distal
end of the instrument. Fig. 22 shows the instrument in
the position shown as described above with reference to
Figs. 19, 19A and 19B in which the jaws are closed and

~ the pusher bar 30 has 1ts nose portion 118 positioned
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behind the distalmost clip 26' ready to feed the clip to

the jaws. Fig. 22A shows the "ready" position in detail

where lances 166 and 168 hold the distalmost clip 26' in

position with the nose portion 118 of pusher bar 30 ready
to deliver the clip to the jaw members 62. Fig. 22B

'shows the beginning of the release stroke of the pusher

bar 30 correSponding to that shown above with respect to
Figs. 21, 21A and 21B. As seen 1in Fig. 22B, as the nose
portion 118 begins to move in a distal direction, the
clip 26' is pushed over the center portion of lance 168
so that it begins to tilt in an upward direction along
clip ramp 162 of clip carrier 24. As the nose portion
118 engages the clip at nose engaging portion 120, the

clip enters the anvil surface of the jaw members 62 as it

rides along clip ramp 162 as seen in Fig. 22C. Fig. 22D
shows the pusher bar 30 extending its nose portion all
the way into the jaws to properly seat clip 26' between
the jaw members 62. As this 1is occurring, clip follower
28 urges the entire series of clips 1n a distal direction
so that the next clip in the series 1s positioned on clip
holding lances 166 and 168. This position of the nose
portion 118 of pusher bar 30 corresponds to that shown in
Figs. 21, 21A and 21B. As the next closing stroke of the
handles begins, the pusher bar 30 is moved in the
proximal direction, such as shown in Fig. 19B, and the
nose portion 118 is retracted to the position behind the
next distalmost clip 1n the series of clips, as shown in
Fig. 22E. The ramped portion 122 of nose 118 permits
nose 118 to ride over the bight portion 123 of the next
clip as it is moved out of the way so that it may align
itself behind the next distalmost clip 26. Operation of
the instrument is then repeated as indicated above.

Figs. 23-25 show the alternate embodiment of
the ratchet mechanism, in which the rack 37 is integral
with the drive plate 34a. In addition, there is
illustrated the alternate embodiment of the latch plate
40a in which the latch spring 42a is integral with the
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latch plate 40a. Operation of the instrument is identical
to that as described above with respect to Figs. 19-21.

Operation of the novel lockout mechanism of
clip applier 10 will now be described with respect to
Figs. 26 and 26A. After the application of the last clip
in the series of clips, the lockout mechanism operates to
block movement of the cam plate 73 as well as movement of
the pusher bar 30, and further provides a mechanism for
disabling the instrument to render it inoperative. When
the last clip is loaded to a position between the Jjaw
members 62, (such as shown in Figs. 21A and 22D but
without any clips on clip carrier 24 except for the clip
26' between jaw members 62), pusher bar 30 is fully
extended so that nose portion 118 is in between the jaw
members 62 with its noése engaging surface 120 abutting
the bight portion of the clip 26'. As the handles begin
to close to form the last clip, (as described above with
respect to Figs. 19, 19A and 19B), the pusher bar 30
begins to move 1n the proximal direction along with cam
plate 73. When the handles are fully closed, cam plate 73
is in its proximalmost position, as is pusher bar 30.
When this occurs, with reference to Figs. 26 and 10, the
solid portion 93 of cam platé 73, adjacent lockout
abutment surface 92, prevents the upward movement of
lockout 134 as its ramped surface 137 engages lockout

ramp 130 and pivoting surface 136 pivots about pivot

surface 154. However, since pusher bar 30 is in its

proximalmost position, nose portion 118 returns to the
position shown in Fig. 26, where ramped portion 122 of

nose portion 118 rides over ramped portion 158 of clip
follower 28. As the nose portion 118 clears the ramped
portion 158 of clip follower 28, nose portion 118 drops
into lockout aperture 146 of clip follower 28. Movement
of pusher bar 30 in the distal direction is now prevented
by the engagement of nose engaging portion 120 with
blocking wall 148 of the lockout aperture 146 as shown in
Fig. 26A.
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As the handles are released, nose portion 118
remains within lockout aperture 146 as shown in Figs. 26

and 26A, while cam plate 73 begins to return to its at
rest position as it moves distally to open the jaw
members 62. As cam plate 73 returns to the position shown
in Fig. 21A, the solid portion 93 of cam plate 73 passes
over cam plate lockout 134 until lockout 134 1is pivoted
into slot 91 of cam plate 73 due to the biliasing force of
spring 142 and the lockout ramp 130 which cams against
the ramped surface 137 of cam plate lockout 134. As cam
plate lockout 134 pivots to the position shown in Fig.
26, cam plate lockout 134 pivots through the central slot
132 of pusher bar 30 until blocking surface 138 1is
adjacent to and engages lockout abutment surface 92 of
cam plate 73 as shown in Fig. 26. Cam plate lockout 134
also pivots upwardly through lockout aperture 156 of clip
follower 28. |

When the lockout mechanism i1s 1n place as shown
in Figs. 26 and 26A, any attempt at closing the handles
results in cam plate 73 attempting to move in a proximal
direction, but is prevented from doing so by the
engagement between blocking surface 138 and abutment
surface 92. This effectively prevents the jaw members 62
from closing. At the same time, pusher bar 30 1is
prevented from moving in a distal direction by the
engagement between nose engaging surface 120 of nose
portion 118 with blocking wall 148 of lockout aperture
146. With reference to Fig. 8, 1n the event that a user
applies excessive force to the handles 1n an attempt to
close them and override the lockout mechanism shown 1n
Figs. 26 and 26A, frangible portion 57 of flared portion
55 of cam plate 73 will rupture, thereby causing the
pivot pin of link 52 to move freely between pivot pin
hole 56 and lockout slot 58, rendering the handle
mechanism inoperablé. Alternately, 1t 1is contemplated
that the pivot pin of link 52 may shear to provide the

same result, and furthermore a keyway system 1s also
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contemplated in which the pivot pin will be redirected to

a lockout slot without the need for a frangible portion.

While the clip applier has been particularly
shown and described with reference to the preferred
embodiments, it will be understood by those skilled in
the art that various modifications and changes 1in form
and detail may be made therein without departing from the
scope and spirit of the novel aspects of the above-
described clip applier. Accordingly, modifications such
as those suggested above, but not limited thereto, are to
be considered within the scope of what i1s considered to

be the invention.
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CLAIMS:

1. In a surgical clip applier having a housing.

a pair of handles pivotably connected to the housing,

a channel assembly fixed to and extending from the housing,

a series of clips arranged serially in end to end relation and carried by
the channel assembly,

a pair of jaw members secured to and extending from an end of the
channel assembly opposite the housing,

a clip follower for urging the series of clips towards the jaw members,

a clip pusher member slidably disposed in the channel assembly for
advancing a distaimost clip from the series of clips to a position between the
jaw members in response to movement of the handles, and

a jaw closure camming mechanism to effect closure of the jaw members
to deform a clip positioned therebetween in response to movement of the
handles, the camming mechanism including a cam plate slidingly disposed
iIntermediate the pair of handles and the jaw member, the improvement which
comprises:

a lockout mechanism for rendering the clip applier inoperable upon
deforming a last clip of the series of clips, the lockout mechanism including a
first blocking member for engagement with the cam plate to prevent movement
of the cam plate, and at least one frangible member to disengage the cam plate

from the handies upon closure of the handles when first blocking member is
engaged with the cam plate.

2. The clip applier of claim 1, further comprising a second blocking
means for engagement with the clip pusher member to prevent movement of

the clip pusher member upon deforming said last clip in the series of clips.

3. The clip applier of claim 2, wherein the first blocking member and
the second blocking means are operatively associated with the clip follower.
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4. The clip applier of claim 3, wherein the first blocking member is
pivotable into engagement with a portion of the cam plate to prevent sliding
movement of the cam plate which prevents closing of the jaw members, and
the second blocking means defines wall portions surrounding an aperture in the
clip follower, the clip pusher member being pivotable into the aperture and into
engagement with at least one of the wall portions to prevent movement of the

clip pusher member.

5. The clip applier of claim 1, wherein the handies are connected to
the cam plate by pivot pins positioned in holes in the cam plate, and wherein
the frangible members are defined by a portion of the cam plate adjacent to
and between the pivot pin holes and an aperture in said cam plate, the
frangible members being ruptured upon application of a predetermined force on
the handles subsequent to the first blocking member being engaged with the
cam plate.

6. The clip applier of claim 1, wherein the handles are connected to
the cam plate by pivot pins, and wherein the frangible members are defined by
the pivot pins which rupture upon application of a predetermined force on the
handles subsequent to the first blocking member being engaged with the cam
plate.
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