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- ABSTRACT
A surgical apparatus for perfonning-endoscopic or laparoscopic surgical procedures 1s
disclosed. The apparatus includes a fra.me and a bellows seal which provides a seal between the
frame and a clarﬁping mechanism and the frame and a firing mechanism. The bellows seal is
positioned within the frame such that the bellows seal expands outwardly upon advancement of a

clamp member of the clamping mechanism to provide a seal within the frame or to increase the

capacity of the seal within the frame.
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APPARATUS FOR LAPAROSCOPIC
OR ENDOSCOPIC PROCEDURES

BACKGROUND OF THE INVENTION
1. Technical Field

The present disclosure relates to an endoscopic or laparoscopic surgical apparatus, and
more particularly to an endoscopic or laparoscopic stapling apparatus.

2. Background of Related Art

Endoscopic and laparoscopic surgical procedures have become quite common and are
preferred over open surgical procedures because of their less intrusive nature and the benefits
associated therewith, 1.e., reduced patient trauma, faster recovery time, etc. Typically, when an
endoscopic surgical procedure 1s performed on the abdomen, the abdomen is insufflated to
improve accessibility to the surgical site. As such, endoscopic .surgical apparatus have been
provided with sealing structure to prevent insufflation gases from exiting the abdomen through

the apparatus. Although, this sealing structure has proven effective, further improvements would

be desirable.

SUMMARY

A surgical apparatus 1s provided for driving surgical fasteners into body tissue. The
apparatus includes a frame, an endoscopic portion defining a longitudinal axis and extending
distally from the frame, and a tool assembly supported on the distal end of the endoscopic

portion. The tool assembly has a first jaw pivotably supported in relation to a second jaw. The

first jaw 1s movable in relation to the second jaw between open and closed positions. A first
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mechanism extends between the tool assembly and the frame and includes a clamp tube
positioned at least partially within the frame. The clamp tube is movable from a retracted
position to an advanced position to move the first jaw in relation to the second jaw from the open
position to the closed position. A second mechanism extends between the frame and the tool
assembly and includes an extension tube whiph 1s movable from a retracted position to an
advanced position to actuate the tool assembly. A bellows seal has a distal end and a proximal
end and a central bellows portion. The bellows seal defines a throughbore. The distal end of the
bellows seal 1s positioned to sealingly engage an outer surface of the extension tube and the
proximal end of the bellows seal 1s positioned to sealingly engage the clamp tube. As the clamp
tube 1s moved from the retracted position to the advanced position, the bellows seal is
compressed and expanded outwardly to seal against an internal surface of the frame.

In one embodiment, the frame includes an internal flange which is positioned to engage
the bellows seal as the clamp tube 1s moved from 1its retracted position to its advanced position.
In one embodiment, the bellows seal does not engage the internal surface of the frame until the
clamp tube 1s moved towards 1ts advanced position. Alternately, the bellows seal can be in a
light interference condition with the internal surface of the frame to provide a seal with the frame
when the clamp tube 1s 1n its retracted position, and wherein movement of the clamp tube

towards 1ts advanced position increases the capacity of the seal.

In one embodiment, the first jaw includes an anvil member and the second jaw includes a
cartridge assembly. The cartridge assembly includes a plurality of staples.

In one embodiment, the frame supports a clamp handle which is operably associated with

the first mechanism and a handle assembly which 1s operably associated with the second

mechanism.
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In one embodiment, the frame supports a clamp handle which is operably associated with
the ﬁrsi mechanism and a handle assembly which is operably associated with the second
mechanism.

In one embodiment, the clamp tube is configured to engage an external surface of the
anvil member to move the anvil member and the cartridge assembly from the open position to

the closed position.

In one ’embodiment, the endoscopic portion 1s rotatably supported on the frame.
BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments of the presently disclosed apparatus for laparoscopic or endoscopic
procedures are disclosed herein with reference to the drawings, wherein:

Fig. 1 1llustrates a perspective cutaway view of the invention;

Fig. 2 illustrates an exploded view of the frame;

Fig. 3 illustrates an exploded view of the toggle lever actuating means;

Fig. 4 1llustrates an exploded view of the interior actuating means;

Fig. 4A illustrates a sectional side view of the collar pivot holder, collar pivot support,
collar pivot wheel, channel pin holder and channel pivot;

Fig. 5 shows the tubular cover;

Fig. 5A illustrates the connection between the cover and thumbwheel:

Figs. 6 and 7 show the collar shaft and collar;

Figs. 8 and 9 illustrate the cam bar channel, cam bars, knife and cam bar adapter;

Figs. 10 and 11 illustrate the housing and anvil;

Fig. 11A 1llustrates a sectional view of the housing and collar;

Fig. 12 illustrates an exploded view of the cartridge, staple drive member and staples;
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Fig. 13 illustrates a side view of the cartridge;

Fig. 14 illustrates the surface of the cartridge which comes in contact with body tissue;
Figs. 15A and 15B illustrate the clamping action of the instrument;

Fig. 16 illustrates a three staple drive member that can be used with the present invention;
Fig. 17 illustrates a sectional view of the endoscopic portion of the instrument 1n

accordance with a first alternative embodiment of the invention;

Fig. 18 illustrates a side view of the collet in accordance with the first alternative
embodiment of the invention;

Fig. 19 illustrates a proximal end view of the collet of Fig. 18;

Fig. 20 illustrates a sectional side view of the sleeve in accordance with the first

alternative embodiment of the invention;

Fig. 21 illustrates a top plan view of the clamp tube of the first alternative embodiment of

the invention;

Fig. 22 illustrates a top plan view of the clamp tube snap of the first alternative

embodiment of the invention;

Fig. 23 illustrates a side view of the channel adapter of the first alternative embodiment

of the invention;

Fig. 24 illustrates a sectional side view of a handle and frame portion in accordance with

the first alternative embodiment;

Fig. 25A illustrates a sectional view of the frame 1n accordance with the first alternative

embodiment;

Fig. 25B illustrates a distal end view of the frame half illustrated 1n Fig. 25A;
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Figs. 26A and 26B illustrate side and distal cnd vicws, respectively, of the inner handle of
the first altecrnattve cmbodiment;

Figs. 27A, 278, 27C, 27D and 27E illustrate bottom plan, front side, scctional front side

and two parlizil rear sidc views, respectively, of the frame clamp tube;
Figs. 28A and 28B 1llustrate top and front views, respectively, of a {frame leaf spring;

Fig. 29 1llustrates a scctional side view of the outer tube of the first alternative

cmbodiment;

[1gs. 30A and 30B tllustrate side and distal end views, respectively, of the outer handle of

the first alternative embodiment;

Fig. 31 illustratcs a side view of a drive tube in accordance with the first alternative

embodiment;

Figs. 32A and 32B arc top plan views of the frame clamp tube, drive tube and leaf spring

illustrating proximal and distal frame clamp tube positions; -

Fig. 33 illustratcs a perspective cutaway view of an assembled stapler apparatus 1n

accordance with a second alternative embodiment of the invention;

Figs. 34 and 34A illustrate an exploded perspective view of the frame and actuating
assembly of the stapler apparatus in accordance with the second alternative cmbodiment of the
Invention:

Fig. 35 1llustrates an exploded perspective view of the frame and actuating

assembly of the stapler apparatus in accordance with the second alternative embodiment

of the invention;
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F1g. 35A illustrates a cross-sectional view of the clamp tube in accordance with

the second alternative embodiment of the invention:

Frg. 358 15 a side perspective view of an alternate embodiment of the proximal end of the
cndoscopic portion and the distal end of the frame with the left portion of the frame removed and
the clamp tube or member in 1ts retracted position;

[1g. 35C 1s the side ])cx's])cc('i\’c shown in IFIG. 358 with the clamp l.ubc or member
moved to its advanced position;

Fig. 35D is a side perspective view from the proximal end of the bellows seal:

[1g. 35 1s a side perspective view from the distal end of the bellows scal;

[[1gs. 36 and 37 illustrate side and top views ol the extension tube;

[Figs. 38-40 illustrate a side view 1n partial cross section, partial top view, and {rontal
vicw, respectively, of the rack rod;

Figs. 41-43 1llustrate top and side vicws of the support structure;

Figs. 44 and 45 illustrate a top view and a side view 1n cross-scction of the collar tube;

Fig. 45A 1s a cross-sectional view of the collar tube, as taken at lines 45A-45A 1n
Fig. 44;

Figs. 40-49 1llustrate top and side cross- scctional views of the upper and lower half of
the cover tube;

F1gs. 50-53 1llustrate sidc, bottom and cross- sectional views of the channel of the stapler
apparatus in accordancc with the sccond alternative embodiment of the invention;

Figs. 54-50 illustrate top, bottom and side views of the anvil;

FFigs. 57 and 57A 1llustrate an exploded perspective and assembled perspective views ol

the cartridge assembly;

1igs. 58-61 illustrate top, side and {rontal views of the cam bar adapter;

0
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Figs. 62-64 illustrate side and top views of the cartridge housing;

Figs. 65-67 illustrate top, bottom and side views of an anvil member n accordance with
an alternate embodiment of the present invention for use 1n ligating tubular tissue;

Figs. 68-69 illustrate an exploded perspective and assembled perspective view of a
cartridge assembly in accordance with an alternate embodiment of the present invention for use
in higating tubular tissue;

Figs. 70 and 71 illustrate a side view of clamping jaws 1n accordance with an alternate

embodiment of the jaw members of the present invention; and

Figs. 72 and 73 illustrate a side view of gripping jaws in accordance with an alternate

embodiment of the jaw member.
DETAILED DESCRIPTION OF THE EMBODIMENTS

Embodiments of the presently disclosed apparatus for endoscopic or laparoscopic
procedures will now be described in detail with reference to the drawings wherein like reference
numerals designate 1dentical or corresponding elements in each of the several views.

The surgical apparatus described herein includes a frame and handle portion supporting
an endoscopic portion, 1.€., an extended tube-like portion having a relatively narrow diameter, on
the order of about 10 millimeters, for insertion 1nto a small opening 1n or tube inserted into the
body, such as in the abdominal cavity. The endoscopic portion defines a longitudinal axis and
has a length appropriate for reaching the operation site in the interior of the body. The apparatus
may be used in conjunction with endoscopes (devices for visually examining the interior of the
body, for example, by means of ﬁber optics). The endoscopic portion of the apparatus is inserted

through the small opening or wound, manipulated to the operation site, and the instrument is

actuated. The endoscopic portion has a fastening and cutting portion including an elongated
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housing which carries a fastening and cutting portion including an elongated housing which

carries a fastening and cutting portionl to the operation site. The fastening and cutting portion
includes jaws defined by a staple carrying cartridge (typically located at the distal end of the
housing), an anvil and further includes a knife. Actuating the operating portion must be

accomplished via intermediate components disposed on or within a narrow longitudinally

extending tubular structure. The bulk of the primary operating components are housed on or
within a frame, which 1s located outside the human (or animal) body being operated upon.

The instrument of the present invention has three basic actions or functions.

First, the endoscopic portion is introduced into the body and positioned With the jaws
aligned at the stapling site to recetve the target tissue. This may involve rotation of the
endoscopic portion relative to the body, either by rotating the stapling instrument, as a whole, by
rotating the endoscopic portion relative to the frame as permitted in the preferred embodiments,
or a combination of both actions.

Second, the instrument has a means for securing the target body tissue between the -
cartridge assembly and the anvil. This 1s accomplished by a clamping action. With the target
tissue clamped between the anvil and the cartridge assembly, a camming means which surrounds
the housing and anvil member 1s employed to close the jaws of the apparatus and clamp the

tissue between the anvil and the tissue contacting surface of the cartridge.

The third action is that of applying the staples to the body tissue. A longitudinally
extending channel is employed to deliver longitudinal motion to pusher cam bars and a tissue
cutting knife. The cam bars contact pusher elements which drive the staples through the body

tissue against the fastener forming or forming surface of the anvil. After the instrument has been

fired, the clamping action of the jaws is released and the instrument may be withdrawn from the
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body. The following details will provide an in-depth understanding of the various elements,
operations and functions of the present invention.

Fig. 1 shows a cutaway perspective view of the instrument of the present invention 100,

- which generally comprises a frame 102 supporting an endo'scopic portion 103, means for
actuating the mstrument to clamp body tissue, and means for firing the instrument to drive
staples into the body tissue and form an inciéion in the tissue between staple rows.

More particularly, referring now to Figs. 1 and 2, frame 102 has two parts: a left portion
102L and a right portion 102R. These portions are optimally fastened together by means of
fastening screws 101, although rivets, welds or other means of joining the two frame parts may
also be used. The left portion 102L has a vertical elongated slot 102A to allow access o a
thumbwheel 123 (See Figs. 1 and 4). Frame 102 1s elongated and has an 1nterior surface defining
é distal opening 102B, proximal opening 102C, and interior distal cylindrical chamber 102D, an
interior proximal cylindrical chamber 102E, a circumferential thumbwheel mounting groove
102H, an upper guideway 102F, and a lower gmideway 102G. The frame 1s of an overall size and
shape convenient for being held in the hand.

Referring additionally now to Fig. 3, toggle lever 104 transfers motion to the toggle links
discussed below and thereby provides a means to activate the clamping action of the apparatus in
response to manual pressure from the surgeon or other operator of the instrument. Toggle lever
104 1s an elongated piece having a distal end pivotally mounted in proximity to the distal end of
the frame by means of lever pivot pin 105, which 1s disposed through transversely aligned
aperture 104B 1n the distal end of the toggle lever 104. Toggle lever 104 further has a proxiinal

end pivotally connected to toggle link 107 by means of toggle link pin 106 which is disposed
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through aperture 104A in the toggle lever. In response to pressure, the toggle lever 104 rotates
around the axis defined by toggle lever pin 105, and transfers movement to the toggle links.

Toggle link 107 is an elongated member having a rounded first end with fork member
107A, which defines a longitudinal slot 107C, a transversely aligned aperture 107B for receiving
toggle link pin 108, and a backstop surface 107D. The rounded second end of foggle link 10’7 has
a transversely aligned aperture 107E for recetving toggle link pin 106. Toggle link 107 transfers
movement from the toggle lever to toggle link 109.

Toggle link 109 is an elongated relatively thin, flat piece having a rounded first end with
transversely aligned aperture 109A for receiving pin 110, and a partially rounded second end
having transversely aligned aperture 109B for receiving toggle link pin 108, and a rotation
limiting member 109C.

The first end of toggle link 109 is mounted 1n slot l11A of the collar moving pivot 111 by
means of pin 110 which is disposed through aperture 109A. The second end of toggle link 109 1s
pivotally mounted in slot 107C in the fork member 107A of toggle link 107 by means of pin 108.
Rotation limiter 109C is a flat angular member projecting proximally from the second end of the
toggle link 109. The rotation limiter is adapted to abut the corresponding backstop surface 107D
in toggle link 107 such that the joint between toggle links 107 and 109 1s prevented from further
bending in the distal direction. The rotation limiter 109C thus acts as a locking feature,
preventing the toggle lever 104 from being depressed, and thereby preventing the clamping
function to be actuated. When the coupling is bent in the proximal direction, however, the toggle

lever 104 can be fully depressed so as to actuate the apparatus by moving collar moving pivot

111.

10
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Collar moving pivot 111 is a substantially rectangular shaped piece slidably mounted in
the upper guideway 102F of the frame 102. Collar moving pivot has a longitudinal slot 111A and a
transversely aligned aperture 111B in proximity to the distal end of the collar proving pivot. The
slot I11A 1s .for receiving the first end of toggle link 109, and the aperture 111B 1s for receiving pin
110 for pivotally mounting said toggle link 109. Collar moving pivot 111 has a depending plate
111C, which has a relatively wide spacer portion 11IE and transversely aligned aperture 111D for
receiving pin 113 (Fig. 4).

Depending portion 111C is mounted in slot 112B of the collar pivot holder 112 (F1g. 4).
Pin 113 disbosed through aperture 112C in the collar pivot holder and 11D in the collar Moving
pivot, links these two pieCes. Collar.moving pivot 111 provides a means to convert the rotational
motion of the toggle links to linear movement in the longitudinal direction.

Referring additionally to Figs. 4 and 4A, collar pivot holder 112 is a substantially
cylindrical piece which is located below the collar moving pivot 111, and which 1s slidably
mounted in the proximal cylindrical chamber 102E. Collar pivot holder 112 has a distal end with
an internally threaded axial hole 112A, and a proximal end with a longitudinal slot 112B for
receiving depending plate 111C of the collar moving pivot, and transverse aperture 112C adapted
to receive pin 113 for mounting the depending plate 111C.

Collar pivot holder 112 provides a means to transmit longitudinal movement from the
collar moving pivot to the collar pivot wheel 115, which 1s connected by means of the collar

pivot support 114.

Collar pivot support 114 has a longitudinally projecting threaded bolt portion 114A at its

proximal end for mounting into the hole 112A of the collar pivot holder

11
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112. At its distal end, collar pivot support has a longitudinally projecting pin 114B with a
circumferential notch 114C for engaging E-ring retainer 116. Pin 114 is disposed through axial
aperture 115A of the collar pivot Wheei 115, and the distal end of the pin with notch 114C

proj ects out through the distal end of said aperture 115A where E-ring retainer 116 1s clipped
onto said notch thereby maintaining collar pivot wheel 115 on pin 114B. Collar p1vot support
114 not only provides a means for connecting collar pivot wheel 115 and collar pivot holder 112
so that longitudinal motion may be transterred, but also provides an axis (pin 114B) around
which collar pivot wheél 115 may freely rotate.

Collar pivot wheel 115 is a substantially cylindrical piece slidably mounted in the
proximal cylindrical chamber 102E of body 102. Concentric aperture 115A extends from the
proximal to distal end of said collar pivot wheel for receiving pin 114B. Collar pivot wheel 115
further has eccentric hole 115B in its distal end for receiving mounting bolt 125A of the collar
shaft 125 (Fig. 6). Collar pivot wheel 115 is movable both longitudinally within proximal
cylindrical chamber 102E, and rotationally around pin 1 14B. Collar pivbt wheel 115 transfers
longitudinal motion to the collar shaft 125 for the purpose of clamping the jaws of the apparatus.

Channel pin holder 121 is-a substantially cylindrical shaped piece slidably mounted 1n the
distal cylindrical chamber 102D, and having a hollow axial interior. At its distal end, channél pin
holder has a male snap-in plug 121 A with contraction slots 121B for mounting into the proximal
end of channel pivot 122. Channel pin holder 121 1s mountable by means of screws 120 onto
firing support shaft 119 and provides a means for transferring longitudinally movement from the
firing support shaft 119 to the channel pivot for the purpose of firing the surgical fasteners.

Channel pin holder 121 moves only longitudinally. The snap-in plug 121A serves as an axis

around which the channel pivot 122 may rotate.

12
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Firing support shaft 119 is an elongated substantially rectangular piece slidably mounted
in the lower guideway 102G. Concave surface portion 119A at the distal end of the firing support
shaft 119 is for mounting the channel pin holder 121, and has a curvature corresponding to the
outside surface of the channel pin holder 121. Screws 120 are disposed through transverse
apertures 119C in the firing support shaft 119, and into holes in the bottom of channel pin holder
121 for mounting said channel pin holder 121 to the firing support shaft 119. At its proximal end,
firing support shaft 119 has a longitudinally extending threaded hole 119B for receiving threaded
screw portion 118A of the plunger 118.

Firing support shaft transfers longitudinal movement from the plunger 118 to the channel
pin holder 121 for firing the fasteners.

Plunger 118 is a rod having threaded screw mounting portions at both the distal and
proximal ends. The distal screw portion 118A is for mounting to the threaded hole 119B in the
firing support shaft 119. The proximal screw portion 118B 1s for mounting a push button 1 17 by
means of central threaded aperture 117A in the push button. The plunger rod extends proximally
outside the proximal opening 102C 1n the body 102.

Channel-pivot 122 1s a substantially cylindrical piece located within the distal cylindrical

chamber 102D of frame 102. At its proximal end, channel pivot 122 has opening 122C to serve
as a receptacle for snap-in portion 121 A of the collar pin holder 121 upon which the channel
pivot 122 is rotatably mounted. As can be seen from Fig. 4A, receptacle portion 122C has a
circumferential lip 122E to interlock with the snap-in portion 121A. At its distal end channel
pivot 122 has a stud 122A for mounting the proximal end of cam bar channel 129 (Fig. 8).

Mounting screw 128 1s disposed through transverse aperture 122D to secure the cam bar channel

129. Collar shaft 125 1s disposed through aperture 122B.

13
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Channel pivot 122 provides a means for transferring longitudinal movement from the
channel pin holder 122 to the cam bar channel 129 for the purpose of firing the surgical

fasteners. Channel pivot 122 also provides a means to rotate the cam bar channel 129 and collar

shaft 125 around the longitudinal axis of the instrument.

Thumbwheel 123 1s a disk shaped piece rotatably mounted 1n a circumferential
thumbwheel mounting notch 102H. Thumbwheel 123 has a distally extending cylindrical
projection 123B, rectangular slot 123 A, detents 123C transverse to slot 123 A, projecting distally
from the cylindrical projection 123B, and a circumferential surface 123D which partially projects
through elongated notch 102A. Thumbwheel 123 can be rotated by manually applying a turning
force to the portion of the circumferential surface 123D which projects through the elongated
notch. Upon being rotated thumbwheel 123 will thereupon turn the cover, cam bar channel,
collar shaft, around the longitudinal axis of the instrument for the purpose of imparting rotation
to the endoscopic portion of the apparatus distal to the frame.

Referring additionally now to Figs. 5 and 5A, cover 124 is a relatively long tubular piece
having a diameter appropriate for use in endoscopic surgical procedures and projecting distally
through the distal opening 102B of the frame in alignment with the longitudinal axis of the
instrument. At its proximal end, cover 124 has a flange 124A which has notches 124B to

cooperatively engage detents 123C of the thumbwheel 123. Flange 124 A 1s mounted flush
against cylindrical projection 123B of the thumbwheel. Cover 124 1s rotatably mounted as to turn
in conjunction with the rotation of the thumbwheel. Collar shaft 125 and cam bar channel 129
extend longitudinally through the interior of the cover 124. Cover 124 provides a means for

enclosing the collar shaft 125 and cam bar channel 129 to prevent them from contacting

extraneous body tissue while the instrument is being used.

14
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Referring additionally to Figs. 6 and 7, collar shaft 125 is a relatively long rod in parallel
alignment with the longitudinal axis of the instrument and having a prokimal. end with a threaded
screw portion 125A for mounting to the collar pivot wheel 115, as discussed above, and a distal
end with a screw portion 125B for mounting to the tapped hole 126A n collar plug 126. Via
collar plug 126, collar shaft 125 transmits longitudinal motion to the collar 124 for the purpose
of closing the jaws of the instrument to secure the target body tissue. Collar shaft 125 moves
longitudinally, and it may be turned aroﬁnd the instrument axis although 1t does not rotate
relative to 1ts own axis.

Collar plug 126 provides a means for connecting collar shaft 125 to collar 127. Collar
plug 126 has a threaded aperture 126A for mounting screw portion 125B of the collar shaft 125,
and distal radial projections 126 which mount in circumferential slots 127A in the collar 127.

Collar 127 1s a substantially tubular piece located distally to the cover 124 aﬁd aligned
with the longitudinal axis of the instrument. Collar 127 has circumferential slots 127A in
proximity to the proximal end of the collar 127, and a distal camming edge 127B. As seen in Fig.
15A, distal camming edge 127B provides a means for closing the jaws of the instrument to
secure the target body tissue. This 1s discussed in more detail below.

Referring additionally now to Fig. 8, cam bar channel 129 1s an elongated piece having
an mnverted U-shaped cross section and which 1s slidably mounted in housing 134. At its
proximal end, cam bar channel 129 has a transverse aperture 129D for receiving fastening screw
128. The proximal end of the cam bar channel 129 1s mounted to the rectangular mounting stud
122A of channel pivot 122 (Fig. 4). At its distal end, cam bar channel 129 has a gripping fofk

129B and slot 129A. Gripping fork 129B and slot 129A provide a means of engaging and

holding cam bar adapter 130. Longitudinal notches 129C allow the cam bar channel to move

15
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without interference from anvil pivot pin 135 (Fig. 11), as discussed below. Cam bar channel 129
‘transmits longitudinal motion from channel pivot 122 to the cam bars 131 and knife 132 for
performing the tissue fastening operation.

Referring to Figs. 8 and 9, cam bar adapter 130 is mounted to the gripping fork 129B of
the cam bar channel 129 and provides a means for holding the cam bars 131 and knife
132. Cam bars 131 are parallelly and longitudinally aligned. Their proximal ends are mounted in
the longitudinal slots 130A of cam bar adapter 130. Knife 132, parallelly and longitudinally
aligned with the cam bars 131, 1s also mounted to a slot 130A 1 the cam bar adapter 130. Knife
132 has a cutting edge 132A on 1ts distal end.

Referring additionally now to Figs. 10, 11, and 11A housing 134 1s an elongated piece
which is aligned with the longitudinal axis of the instrument. Housing 134 has a proximal end
mounted to the cylindrical projection 123B of thumbwheel 123 by means of pin 133 (Fig. 5). At
its distal end, housing 134 has a relatively wider section 134B for engaging and holding a
cartridge assembly 137. Transverse aperture 134C recerves anvil pivot pin 135. Housing 134 also
has a longitudinally extending center guide rail 134A around which cam bar channel 129 1s
slidably mounted.

Anvil member 136 1s an elongated piece which is p1votally mounted to the housing 134.
At its distal end anvil member 136 has an anvil plate 136A with a tissue contacting surfacé 136E
with staple forming depressions 136D (see Fig. 13). Anvil member 136 comprises arms 136B
and, at the proximal end, a hinge 136C for pivotal mounting to housing 134 by means of anvil
pivot pin 135 disposed through the hinge 136C and aperture 134C. Anvil member 136 i1s

rotatable between an open position (see Fig. 15A) and a closed position (see Fig. 15B) whef_e the

16
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anvil forming surface is brought into close cooperative alignment with the cartridge assembly
137. Anvil plate 136A also has a longitudinal center groove 136F to permit passage of knife

132. Anvil member 136 provides one of the jaws of the instrument for clamping and securing the
body tissue to the fastened. Preferably, anvil 136 is provided with one or rﬁore tissue stops 140
which engage corresponding depressions, openings or indentations in housing 134 (see Figs. 11,
15A). Tissue stops 140 help prevent over- insertion of tissue into the jaws.

Referring additionally now to Figs. 12, 13 and 14, the cartridge assembly comprises a
cartridge 137 with alignment plate 140, pusher elements or staple drivers 139, and surgical
fastehers or staples 138. The staples 138 and pushers 139 are disposed within grooved slots 137A
such that as the cam bars 131 move distally and longitudinally through the cartridge 137, pushers
139 are driven up through the grooved slots 137A driving staples 138 through the body tissue
layers 201 and 202 which are to be joined, and into anvil plate 136A where the legs of the staples
are crimped 1n staple forming depressions 136D. Alignment plate 140 serves as a cover to keep
the staple drivers aligned within cartridge 137. Preferably, cartridge 137 contains' two rows of
staple pusher elements, with each staple pusher element acting on three staples. One such staple
pusher element 139 is 1llustrated in Fig. 16. The preferred staple drive member there illustrated
includes a body portion 600 having a distal end 602, a proximal end 604 with at least one
camming surface 606, and three substantially rectangular pusher plates 608, 610, 612 aligned in
the direction of cam motion. Pusher plates 608, 610 are laterally aligned on either side of bo‘dy
portion 600 and have an end coterminous with the body portion proximal end 604. The middie
pusher plate 612 has an end coterminous with the body portion distal end 602. None of the
pusher plates extend the full length of the body portion. Preferably, each pusher plate also

includes guide rails 614 and a staple cradling notch 616. Guide rails 614 are received by and
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slide in corresponding slot portions of the cartridge. As shown in Fig. 16, each staple drive
member is preferably driven by a doubl<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>