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TILT TOP ANVIL FOR A SURGICAL FASTENER DEVICE
BACKGROUND

1. Technical Field

The present disclosure relates to an anvil assembly for use with a surgical
stapling device. More particularly, the present disclosure relates to an anvil assembly
having a normally tilted anvil head which is usable with an open or a minimaily
invasive surgical stapling instrument for performing circular anastomosis of hollow

tissue organs.

2. Background of Related Art

Anastomosis is the surgical joining of separate hollow organ sections to allow
the sections intercommunicate with each other. Typically, an anastomosis procedure
follows surgery in which a diseased or defective section of hollow tissue is removed
and the remaining end sections are to be joined. Depending on the desired anastomosis
procedure, the end sections may be joined by either circular, end-to-end, end-to-side or
side-to-side organ reconstruction methods.

In a circular anastomosis procedure, the two ends of the organ sections are
joined by means of a stapling instrument which drives a circular array of staples
through the organ end sections and simultaneously cores and removes any overlapping
tissue to free a tubular passage. In some applications of a circular anastomosis
procedure, on anvil rod having an attached anvil head is mounted to the distal end of a
surgical stapling instrument shaft prior to insertion of the instrument into the tissue to
be anastomosed. However, in other applications, it is preferable to utilize a detachable
anvil rod which may be mounted to the instrument subsequent to positioning of the
instrument and the anvil assembly within respective tissue sections. In such instances,
the stapling instrument and the anvil assembly are separately delivered to the operative

site. Each tissue section is then secured to a respective anvil or staple holding

JP 2005-505336 A 2005.2.24



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

10

15

20

25

30

(14)

WO 03/030745 PCT/US02/32033

component by a purse string suture. The anvil assembly is mounted to the surgical
instrument by inserting a mounting portion of the anvil rod within the distal end of the
instrument so that a mounting mechanism within the instrument securely engages the
rod. Preparation of the tissue sections to be joined and mounting of the anvil rod to the
instrument are performed, preferably, using minimally invasive surgical techniques,
i.e., under laparoscopic guidance.

A particular difficulty concerning the aforedescribed approach to perform
anastomosis of hollow body organs with a detachable anvil assembly, whether the
anastomosis is performed laparoscopically or by other conventional open surgical
techniques, concerns delivery and placement of the anvil assembly at the desired
location within the hollow organ. This difficulty is attributed to, inter alia, the fact that
the anvil assembly, particularly, the rigid, immovable anvil head, presents an obtrusive
profile which engages the inner wall of the hollow organ during advancement
therethrough. In some instances, the dimension of the anvil head is greater than the
cross-sectional dimension of the hollow organ through which it must pass.
Consequently, advancement of the anvil assembly through the hollow organ can be
traumatic and is impeded and possibly prevented. Furthermore, if a surgical procedure
is being performed laparoscopically, difficulty with maneuvering the anvil assembly
through the hollow organ may require abandonment of such laparoscopic approach and
necessitate conversion to a conventional open laparotomy to complete the anastomosis.

In order to reduce the transverse profile of the anvil assembly during placement
and removal of the anvil assembly from a hollow organ, anvil assemblies having a ‘
tiltable anvil head have been developed. One such anvil assembly is described in U.S.
Patent No. 6,053,390, filed on May 10, 1999, which is incorporated herein by reference
in its entirety. The pivotable anvil head is normally locked in the operative firing
position. Upon firing the stapling device, the lock is released and the anvil head is
forced to the tilted position by a spring.

Despite recent improvements to circular anasiomosis instruments, a need still
exists for an improved anvil assembly usable with a circular anastomosis instrument
which includes an anvil head that is easier to deliver into hollow tissues to be joined,

that can be delivered with less contact with such tissues, and also that automatically

JP 2005-505336 A 2005.2.24
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pivots between tilted and operative positions during delivery and removal of the

instrument from the tissues.

SUMMARY

In accordance with the present disclosure, a tilt top anvil assembly is provided
for use with a surgical stapling device for performing end-to-end anastomosis of tissue.
The tilt top anvil assembly includes an anvil head, a center rod and a biasing member.
The anvil head is pivotally secured to the center rod about a transverse axis which is
offset from the longitudinal axis of the center rod. The biasing member is supported on
the anvil assembly at a position to urge the anvil head to a tilted reduced profile
position. The anvil assembly includes a first abutment surface which is operatively
connected to the anvil head and is movable into engagement with a second abutment
surface formed on a surgical stapling device during approximation of the anvil
assembly to move the anvil head from the tilted reduced profile position to an operative
firing position.

In one preferred embodiment, the center rod includes a longitudinal bore. An
outer sleeve is slidably positioned within the longitudinal bore and an inner sleeve is
slidably positioned within the outer sleeve. The inner and outer sleeves are pivotally
connected to the anvil head by respective links. The biasing member is positioned
within the longitudinal bore to urge the inner sleeve towards the anvil head to urge the
anvil head to the tilted reduced profile position. The outer sleeve includes a first
abutment member which is positioned to engage a second abutment surface supported
on a Surgical stapling device when the anvil assembly is moved from a position spaced
from a shell assembly of the surgical stapling device to an approximated position in
close alignment with the shell assembly of the surgical stapling device. Upon
engagement between the first and second abutment surfaces and continued
approximation, the anvil head is pivoted from the tilted reduced profile position to the
operative firing po;ition. When the anvil assembly is moved back to the spaced
position, the biasing member urges the anvil head back to the tilted reduced profile
position. Thus, the anvil head is automatically moved to a tilted reduced profile

position during delivery and removal of the instrument from the anastomatic site.

JP 2005-505336 A 2005.2.24
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Alternatively, other linkage mechanisms for pivoting the anvil head from the tilted
reduced profile position to the operative firing position are envisioned.

In another preferred embodiment, a shell assembly of the surgical stapling
device may include an annular sleeve positioned therein. Preferably, the second
abutment surface is formed on the annular sleeve at a position to engage the first
abutment surface on the anvil assembly. Alternately, the second abutment may be

positioned at other locations on the surgical stapling device.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the presently disclosed tilt top anvil assembly are
described hereinbelow with reference to the drawings wherein:

FIG. 1 is a side view of one preferred embodiment of the presently disclosed tilt
top anvil assembly with the anvil head in the tiled reduced profile position;

FIG. 1A is a bottom partial cross-sectional view of the anvil assembly shown in
FIG. 1;

FIG. 2 is a side cross-sectional view of the tilt top anvil assembly shown in FIG.
1 with the anvil head in the tilted reduced profile position;

FIG. 3 is a side cross-sectional view of the tilt top anvil assembly shown in FIG.
1 with the anvil head positioned between the tilted reduced profile position and the
operative firing position;

FIG. 4 is a side cross-sectional view of the tilt top anvil assembly shown in FIG.
1 with the anvil head in the operative firing position;

FIG. 5 is a side cross-sectional view of the tilt top anvil assembly shown in FIG.
1 with the anvil head positioned in the tilted reduced profile position and secured to the
shell assembly of a surgical stapling device;

FIG. 6 is a side cross-sectional view of the tilt top anvil assembly shown in FIG.
1 with the anvil head positioned between the tilted reduced profile position and the
operative firing position;

FIG. 7 is a side cross-sectional view of the tilt top anvil assembly shown in FIG.

1 with the anvil head positioned in the operative firing position;

JP 2005-505336 A 2005.2.24
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FIG. 8 is a side view of the tilt top anvil assembly shown in FIG. 1 with the
anvil head positioned in the operative firing position and secured to the shell assembly
of a surgical stapling device;

FIG. 9 s a top perspective view of the annular sleeve of the shell assembly of a
surgical stapling device with which the presently disclosed tilt top anvil may be used;

FIG. 10 is a side cross-sectional view of the body of the shell assembly shown
in FIG. 8;

FIG. 11 is a top view of the body of the shell assembly shown in FIG. 10;

FIG. 12 is a side cross-sectional view of another preferred embodiment of the
presently disclosed tilt top anvil assembly secured to the shell assembly of a surgical
stapling device with the anvil head positioned in the operative firing position;

FIG. 13 is a side cross-sectional view of the tilt top anvil assembly shown in
FIG. 12 with the anvil head in the tilted reduced profile position;

FIG. 14 is a side perspective view of the tilt top anvil assembly shown in FIG.
12 with the anvil head positioned in the tilted reduced profile position and a removable
trocar engaged with the center rod; and

FIG. 15 is a side perspective view from a different side of the tilt top anvil
assembly shown in FIG. 14 with the removable trocar removed from the anvil center

rod.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Preferred embodiments of the presently disclosed tilt top anvil assembly will
now be described in detail with reference to the drawings in which like reference
numerals designate identical or corresponding elements in each of the several views.

Referring to FIGS. 1 and 2, anvil assembly 10 includes an anvil post 12, an
anvil head 14, an anvil plate 16, a center rod 18, an inner sleeve 20 and an outer sleeve
22. Anvil head 14 includes a centrally located through bore 24 dimensioned to receive
anvil post 12, an inner annular recess 26 and an outer annular recess 28. Outer annular
recess 28 is configured to receive anvil plate 16. Anvil plate 16 includes a tab 30 (FIG.
1A) which is dimensioned to be received within a slot 32 formed in anvil head 14. Tab
30 and slot 32 cooperate to position anvil plate 16 in the proper orientation within outer

recess 28. Inner annular recess 26 is configured to receive a cutting ring 34 that
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includes a central opening dimensioned to be positioned about anvil post 12 and a
portion of anvil head 14 defining annular tecess 26.

Anvil post 12 includes a transverse bore for receiving a pivot member 38. Pivot
member 38 pivotally connects anvil post 12 to one end of center rod 18. Preferably,
pivot member 38 includes a pin or post which defines a transverse axis which is spaced
laterally from the longitudinal “x” axis of center rod 18 such that anvil head 14 can
pivot approximately 90 degrees from an operative position (FIG. 4) in which a plane
defined by the tissue contact surface of the anvil head 14 is substantially perpendicular
to the longitudinal axis of center rod 18 to a tilted reduced profile position (FIG. 2) in
which anvil head 14 is substantially parallel to the longitudinal axis of center rod 18.
Alternately, other types of pivot members at a variety of locations in relation to the axis
“X” of the center rod may be incorporated into the anvil assembly.

Center rod 18 includes a throughbore 40 having a first end 42 and a second end
44, Preferably first end 42 includes at least one bore 46 dimensioned to receive a
suture or the like to facilitate positioning of anvil assembly 10 within a hollow organ.
Second end 44 of throughbore 40 is dimensioned to slidably receive inner sleeve 20 and
outer sleeve 22. Outer sleeve 22 is slidably positioned within second end 44 of
throughbore 40, and a portion of inner sleeve 20 is slidably positioned within outer
sleeve 22. A spring or biasing member, e.g., coil spring 41, is positioned in second end
44 of throughbore 40 abutting inner sleeve 20 to urge inner sleeve 20 to an advanced
position toward the distal end of anvil assembly 10. A drive link 52 is pivotally
connected at one end to outer sleeve 22 and at the other end to anvil post 12. A return
link 50 is pivotally connected at one end to inner sleeve 20 and at the other end to anvil
post 12. Outer sleeve 22 includes an abutment 54 (FIG. 4) which will be discussed in
further detail below.

Center rod 18 is dimensioned to releasably engage an anvil retainer (not shown)
of a circular anastomosis surgical stapling device. One such surgical stapling device
having an anvil retainer and with which anvil assembly 10 may be used is disclosed in
U.S. provisional patent application Serial No. 60/281,259, filed April 3, 2001, (“the
‘259 application”) which is incorporated herein in its entirety by reference. Center rod
18 includes an annular projection 56 which is dimensioned to lockingly engage the

anvil retainer. A guide collar 60 is monolithically formed with center rod 18.

JP 2005-505336 A 2005.2.24
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Alternately, guide collar 60 may include a sleeve which is separately formed from
center rod 18. Guide collar 60 includes circumferentially spaced splines 62 which
function to align anvil assembly 10 with the shell assembly 100 (FIGS. 5-8) of the
surgical stapling device during movement of the anvil assembly from a positioned
spaced from a shell assembly of the surgical stapling device to an approximated
position in close alignment with the shell assembly.

Inner sleeve 20 is moveable between an advanced position and a retracted
position. The inner sleeve biasing member 41 normally urges inner sleeve 20 to the
advanced position. In the advanced position, return link 50 is moved towards anvil
head 14 to pivot anvil head 14 about pivot member 38 to the tilted reduced profile
position (FIG. 2).

Referring to FIGS. 5-8, anvil assembly 10 is moved to the operative position by
advancing abutment 54 of outer sleeve 22 towards anvil head 14. This will occur
automatically when anvil assembly 10 is secured to the anvil retainer of a surgical
stapling device and the device is approximated. More specifically, during
approximation of a surgical stapling device, abutment 54 is engaged by an abutment 70
positioned on or within the shell assembly 100 of a surgical stapling device to advance
outer sleeve 22 in the direction indicated by arrow “A” in FIGS. 5 and 6 towards anvil
head 14. Abutment 70 may be provided on an annular sleeve 80 adapted to be fitted
within the shell assembly of a surgical stapling device. Movement of outer sleeve 22
towards anvil head 14 advances drive link 52 towards anvil head 14 against the bias of
the inner sleeve biasing member 41 to pivot anvil head 14 in the direction indicated by
arrow “B” in FIG. 6 from the tilted reduced profile position (FIG. 5) to the operative
firing position (FIG. 7). Thereafter, when the surgical stapling device is moved from
the approximated position to the unapproximated or spaced position and abutment 54
is moved distally out of engagement with abutment 70, inner sleeve biasing member 41
will return anvil assembly 10 to its tilted reduced profile position.

Referring to FIGS. 5-11, one preferred embodiment of annular sleeve 80
including abutment 70 is illustrated. Annular sleeve 80 includes a first cylindrical body
portion 82 and a second cylindrical body portion 84. Second cylindrical body portion
84 has a diameter larger than that of the first cylindrical body portion 82 such that a

shoulder 86 is defined on an internal wall of sleeve 80 between first and second
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portions 82 and 84. Second body portion 84 includes four elongated cutouts 88 (FIG.
9, only one is shown) and a window 90. Cutouts 88 are dimensioned to be slidably
positioned over ribs 92 (FIG. 11) formed within shell assembly 100. Sleeve 80 is
formed of a material having some flexibility to facilitate positioning of window 90 over
a stop 94 (FIG. 10) formed within shell assembly 100, such that stop 94 is axially
slidably confined within window 90. Alternately, sleeve 80 may be configured
differently, i.e., sleeve 80 need not be annular but rather may include an abutment,
fixed or movable, having any configuration positioned to engage the first abutment on
the anvil assembly.

In use, second body portion 84 of annular sleeve 80 is positioned within shell
assembly 100 with second body portion 84 slidably positioned over inner cylindrical
portion 102 of shell assembly 100 (FIGS. 5-7), cutouts 88 positioned over ribs 92 (FIG.
11) and window 90 positioned over stop 94. A spring biasing member, preferably a
coil spring 96, is positioned between shoulder 86 of annular sleeve 80 and a cutout 104
formed on inner cylindrical portion 102 of shell assembly 100. Biasing member 96 is
positioned to urge annular sleeve 80 towards anvil head 14. Abutment 70 is formed on
the distal end of first cylindrical portion 82 of annular sleeve 80.

As discussed above, when anvil assembly 10 is secured to a surgical stapling
device and the device is approximated, abutment 54 on outer sleeve 22 will engage
abutment 70 (FIGS 5-7). When this occurs, since biasing member 96 has a greater
compressive strength than biasing member 41, outer sleeve 22 will be advanced
towards anvil head 14 when the anvil assembly is approximated further to move anvil
head 14 from the tilted reduced profile position (FIG. 5) to the operative firing position
(FIG. 7). When anvil head 14 has been pivoted to the operative position and outer
sleeve 22 cannot be advanced any further towards anvil head 14, further approximation
of the anvil head 14 and shell assembly 100 will compress biasing member 96 and
cause annular sleeve 80 to retract into shell assembly 100 in a telescoping fashion about
inner cylindrical portion 102 of shell assembly 100.

FIGS. 12-15 illustrate another preferred embodiment of the presently disclosed
tilt top anvil assembly shown generally as tilt top anvil assembly 200. Tilt top anvil
assembly 200 is substantially the same as tilt fop anvil 10 and includes anvil post 212,

anvil head 214, anvil plate 216, center rod 218, inner sleeve 220 and outer sleeve 222.
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A drive link 252 is pivotally connected at one end to outer sleeve 222 and at the other
end to anvil post 212. A return link 250 is pivotally connected at one end to inner
sleeve 220 and at the other end to anvil post 212. Outer sleeve 222 includes abutment
254. Center rod 218 includes a plurality of resilient arms 215 which flex outwardly to
releasably engage an anvil retainer (not shown) of a surgical stapling device or a
removable trocar 270 (FIG. 14).

Tilt top anvil assembly 200 differs from tilt top anvil assembly 10 in a few
respects which will be described hereinbelow. As illustrated in FIG. 13, tilt top anvil
assembly 200 is configured to permit anvil head 214 to pivot with respect to center rod
218 to define an angle ® of about 20° with respect to the longitudinal axis of the
assembly. (Note: anvil head 14 tilts to a position substantially parallel to the
longitudinal axis of tilt top anvil assembly 10). The degree of tilt of anvil head 214 is
controlled by varying the length of slot 260 in center rod 218 through which abutment
254 is movably positioned. Angle ® can be increased by shortening the length of slot
260 and decreased by increasing the length of slot 260. 1t is preferred that angle ® is
not less than about 20°. When angle © is greater than about 20°, there is less tissue
resistance to pivoting anvil head 214 to the operative position when the device is
approximated. However, it is envisioned that there are surgical applications in which it
would be desirable to have an angle @ of less than 20°,

Center rod 214 includes a cutout 261 positioned adjacent splines 262. Cutout
261 provides an area on center rod 214 which can be easily grasped by a surgeon using
a grasping tool.

The above-described anvil assembly is particularly suited for use in minimally
invasive gastric bypass procedures. Such a procedure is described in PCT application
Serial No. PCT/US01/07105, filed March 5, 2001, and U.S. Provisional patent
application Serial No. 60/187,121, filed March 6, 2000, both of which are incorporated
herein in their entirety by reference. Alternately, the above described anvil assembly
may be used in other surgical procedures especially those in which a reduced profile
anvil assembly is desirable.

It will be understood that various modifications may be made to the
embodiments disclosed herein. For example, abutment 70 need not be formed on a

telescoping annular sleeve but rather may be a non-annular abutment which is movably
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or fixedly supported within the shell assembly of a surgical stapling device. Therefore,
the above description should not be construed as limiting, but merely as
exemplifications of preferred embodiments. Those skilled in the art will envision other

modifications within the scope and spirit of the claims appended hereto.



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

20

25

30

(23)

WO 03030745 PCT/US02/32033

WHAT IS CLAIMED 18:

1. A tilt top anvil assembly comprising:
an anvil head;
a center rod; and
an abutment positioned on the anvil assembly;
wherein the anvil head is pivotally secured to the center rod and is pivotable between
an operative firing position and a tilted reduced profile position, and the abutment being
movable to move the anvil head between the tilted reduced profile position and the

operative firing position.

2. A tilt top anvil assembly according to Claim 1, further including a

biasing member positioned to urge the anvil head to the tilted reduced profile position.

3. A tilt top anvil assembly according to Claim 2, wherein the center rod
includes a longitudinal throughbore, the anvil assembly further including an inner
sleeve énd an outer sleeve, the outer being slidably positioned within the center rod
throughbore and being operably connected to the anvil head and the inner sleeve being
slidably positioned within the outer sleeve and being operably connected to the anvil
head, wherein the biasing member is positioned to urge the inner and outer sleeves to a

position to move the anvil head to the tilted reduced profile position.

4. A tilt top anvil assembly according to Claim 3, further including a drive
link pivotally connected between the outer sleeve and the anvil head and a return link

pivotally connected between the anvil head and the inner sleeve.

5. A tilt top anvil assembly according to Claim 4, wherein the abutment is
positioned on the outer sleeve, the abutment being positioned to engage a surface on a
surgical stapling device during approximation of the anvil assembly to move the anvil

assembly from the tilted reduced profile position to the operative firing position.

11
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6. A tilt top anvil assembly according to Claim 1, wherein the anvil head is
pivotally secured to the center rod by a pivot member, the pivot member having a

transverse axis which is offset from the longitudinal axis of the center rod.

7. A tilt top anvil assembly according to Claim 1, wherein the center rod
includes a guide collar having a plurality of splines.

8. A tilt top anvil assembly according to Claim 1, wherein the anvil head
includes a cutting ring positioned to engage a knife provided on a surgical stapling

device.

9. A tilt top anvil assembly according to Claim 1, wherein the center rod

includes at least one through bore dimensioned to receive a suture.

10. A tilt top anvil assembly according to Claim 1, wherein in the tilted
reduced profile position, an angle © defined between the longitudinal axis of the anvil
assembly and a plane defined by a tissue contact surface of the anvil head is not less

than about 20°.

11. A surgical stapling device comprising:

a handle portion;

an endoscopic body portion extending distally from the handle portion;

a shell assembly supported on. the distal end of the endoscopic portion,
the shell assembly housing a plurality of surgical fasteners; and

a tilt top anvil assembly configured to be positioned adjacent the shell
assembly, the tilt top anvil assembly including an anvil head, and a center rod, the anvil
head being pivotally secured to the center rod and being pivotable between an operative
firing position and a tilted reduced profile position, the anvil assembly including an
abutment positioned to move the anvil head from the tilted reduced profile position to
the operative firing position in response to approximation of the anvil assembly and the

shell assembly.

12
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12. A surgical stapling device according to Claim 10, wherein the anvil
assembly includes a biasing member which is positioned to urge the anvil head to the

tilted reduced profile position.

13. A surgical stapling device according to Claim 12, wherein the center rod
includes a longitudinal throughbore, the anvil assembly further including an inner
sleeve and an outer sleeve, the outer sleeve being slidably positioned within the center
rod throughbore and being operably connected to the anvil head and the inner sleeve
being slidably positioned within the outer sleeve and being operably connected to the
anvil head, wherein the biasing member is positioned to urge the inner and outer
sleeves to a position to move the anvil head to the tilted reduced profile position.

14. A surgical stapling device according to Claim 13, further including a
drive link pivotally connected between the outer sleeve and the anvil head and a return

link pivotally connected between the anvil head and the inner sleeve.

15. A surgical stapling device according to Claim 16, wherein the abutment
i$ positioned on the outer sleeve, the abutment being positioned to engage a surface
formed on the surgical stapling device during approximation of the anvil assembly to
move the anvil assembly from the tilted reduced profile position to the operative firing

position.

16. A surgical stapling device according to Claim 17, wherein the anvil head
is pivotally secured to the center rod by a pivot member, the pivot member having a

transverse axis which is offset from the longitudinal axis of the center rod.

17. A surgical stapling device according to Claim 12, wherein the center rod

includes a guide collar having a plurality of splines.
18. A surgical stapling device according to Claim 12, wherein the anvil head

includes a cutting ring positioned to engage a knife provided on the surgical stapling

device.

13
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19. A surgical stapling device according to Claim 12, wherein the center rod

includes at least one through bore dimensioned to receive a suture.

20. A surgical stapling device according to Claim 12, wherein the abutment
member includes a first abutment member supported on the tilt top anvil assembly and
a second abutment member supported adjacent the shell assembly, the first abutment
member being operably connected to the anvil head and being movable during
movement of the anvil assembly from a position spaced from the shell assembly to an
approximated position into engagement with the second abutment member to move the

anvil head from the tilted reduced profile position to the operative firing position.

21. A surgical stapling device according to Claim 20, further including an
annular sleeve supported within the shell assembly, the second abutment member being

formed on the annular sleeve.

22, A surgical stapling device according to Claim 21, wherein the annular
sleeve is movable from an extended position to a retracted position, a second biasing
member being positioned to urge the annular sleeve to the extended position.

23, Asurgical stapling device according to Claim 22, wherein the second
biasing member has a greater compressive strength than the first biasing member such
that during movement of the anvil assembly from the spaced to the approximated
position, when the first abutment member engages the second abutment member, the
anvil head is moved from the tilted reduced profile position to the operative firing
position prior to movement of the annular sleeve from the extended position to the

retracted position.

24. A tilt top anvil assembly according to Claim 11, wherein in the tilted
reduced profile position, an angle ® defined between the longitudinal axis of the anvil
assembly and a plane defined by a tissue contact surface of the anvil head is not less

than about 20°.
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