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PIVOTING ANVIL FOR SURGICAL CIRCULAR STAPLER

BACKGROUND

{0001} In some settings, a surgeon may want to position a surgical instrument through an
orifice of the patient and use the instrument to adjust, position, attach, and/or otherwise
interact with tissuc within the patient. For instance, in some surgical procedures, portions
of the gastrointestinal tract may be cut and removed to climinate undesirable tissuc or for
other reasons. Once the desired tissue is removed, the remaining portions may need to be
recoupled together. One such tool for accomplishing these anastomotic procedures is a

circular stapler that is inserted through a patient’s orifice.

16002} Examples of circular surgical staplers are described in U.S. Pat. No. 5,205,459,
entitled “Surgical Anastomosis Stapling Instrument,” issued April 27, 1993; U.S. Pat. No.
5,271,544, cntitled “Surgical Anastomosis Stapling Instrument,” issued December 21,
£993; U.S. Pat. No. 5,275,322, entitled “Surgical Anastomosis Stapling Instrumcnt,”
issucd Jamuary 4, 1994; U.S. Pat. No. 5,285,945, cntitled “Surgical Anastomosis Stapling
Instrument,” issucd February 15, 1994; U.S. Pat. No. 5,292,053, catitled “Surgical
Anastomosis Stapling Instroment,” issued March 8, 1994; US. Pat. No. 5,333,773,
entitled “Sorgical Anastomosis Staphing Instrument,” issued August 2, 1994; U.S. Pat.
No. 5,350,104, entitled “Surgical Anastornosis Stapling Instrament,” issued September
27, 1994; and U.S. Pat. No. 5,533,661, entitled “Surgical Anastomosis Stapling
Instrument,” issued July 9, 1996, The disclosure of cach of the above-cited U.S. Patents
is incorporated by reference hercin. Soroe such staplers are operable to clamp down on
layers of tissue, cut through the clamped layers of tissue, and drive staples through the
layers of tissue to substantially seal the severed lavers of tissue together near the severed

ends of the tissue layers, thereby joining two severed ends of an anatomical humen.
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{3803}

Merely additional other exemplary surgical staplers are disclosed in 1S, Pat. No.
4,805,823, entitled “Pocket Configuration for Internal Organ Staplers,” issued February
21, 1989; U.S. Pat. No. 5,415,334, entitled “Surgical Stapler and Staple Cartridge,”
issued May 16, 1995; U.S. Pat. No. 5,465,895, cntitled “Surgical Stapler Instrument,”
tssued November 14, 1995; UK. Pat. No. 5,597,107, entitled “Surgical Stapler
Instrument,” issued JYanuary 28, 1997; U.S. Pat. No. 5,632,432, entitled “Surgical
Instrument,” issued May 27, 1997, U.S. Pat. No. 5,673,840, cntitled “Surgical
Instrument,” issued October 7, 1997; U.S. Pat. No. 5,704,534, entitled “Articulation
Assembly for Surgical Instruments,” issued January 6, 1998; U.S. Pat. No. 5,814,055,
entitled “Suorgical Clamping Mechanism,” issued September 29, 1998; U.S. Pat. No.
6,978,921, entitled “Surgical Stapling Tostrument Incorporating an E-Beam Firing
Mechanism,” issued Decemsber 27, 2005; U.S. Pat. No. 7,000,818, entitled “Surgical
Stapling Instrument Having Separate Distinet Closing and Firing Systems,” issued
Febroary 21, 2006; U.S. Pat. No. 7,143,923, entitled “Surgical Stapling Instrument
Having a Firing Lockout for an Unclosed Anvil,” issued December S, 2006; U.S. Pat. No.
7,303,108, entitled “Surgical Stapling Instrament Incorporating a Multi-Stroke Firing
Mechanism with a Flexible Rack)” issued December 4, 2007; U.S. Pat. No. 7,367 485,
entitled “Surgical Stapling Instrument Incorporating a Multistroke Firing Mechanism
Having a Rotary Transmission,” issued May 6, 200K; U.S. Pat. No. 7,380,695, entitled
“Surgical Stapling Instrument Having a Single Lockout Mechanism for Prevention of
Firing,” issued June 3, 200&; U.S. Pat. No. 7,383,696, entitled “Articulating Surgical
Stapling Instrument Incorporating a Two-Piece E-Beam Firing Mechanism,” issucd June
3, 2008; U.S. Pat. No. 7,404,508, entitied “Surgical Stapling and Cutting Device,” issued
July 29, 2008, U.S. Pat. No. 7,434,715, entitled “Surgical Stapling Instrument Having
Multistroke Firing with Opening Lockout,” issued October 14, 200&; and U.S. Pat. No.
7,721,930, entitled “Disposable Cartridge with Adhesive for Use with a Stapling
Device,” issued May 25, 2010, The disclosure of cach of the above-cited 1J.S. Patents is
incorporated by reference hercin.  While the surgical staplers referred to above are
described as being used in cendoscopic procedures, it should be undersiood that such
surgical staplers may also be used in open procedures and/or other non-endoscopic

procedures.,
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{08004} While various kinds of surgical stapling instruments and associated components
have been made and used, it is believed that no onc prior to the inventor(s) has made or

used the invention described in the appended claims.
BRIEF DESCRIPTION OF THE DRAWINGS

RS While the specification concludes with claims which particularly point out and
distinctly claim this technology, it is belicved this technology will be better understood
from the following description of certain cxamples taken in conjunction with the

accompanying drawings, in which like reference numerals identify the same clements and

in which:

{06006} FIG. 1 depicts a side clovation view of an cxemplary circular stapling surgical
instruoment;

16647} FIG. 2A depicts an enlarged longitudinal cross-section view of an exemplary

stapling head assembly of the instrument of FIG. 1 showing an exemplary anvil in an

open position;

[B308] FIG. 2B depicts an enlarged longitudinal cross-sectional view of the stapling head

assembly of FIG. 2A showing the anvil in a closed posttion;

{0809} FIG. 2C depicts an enlarged longitudinal cross-sectional view of the stapling head

assembly of FIG. 2A showing an exemplary staple driver and blade in a fired position;

{8010} FIG. 3 depicts an enlarged partial cross-sectional view of an exemplary staple

formed against the anvil;

{0811} FIG. 4A depicts an enlarged side clevation view of an exemplary actuator handle
assembly of the surgical instrument of FIG. 1 with a portion of the body removed,

showing a trigger in an unfired position and a lockout feature in a focked position;

{0612} FIG. 4B depicts an enlarged side clevation view of the actuator handle assembly
of FIG. 4A, showing the trigger in a fired position and the lockout feature in an unlocked

position;
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{0813}

[0014]

{0015}

{0816}

{0617}

[0613]

{0019}

10620}

FIG. 5 depicts an cnlarged partial perspective view of an exemplary indicator
assembly of the surgical instrument of FIG. 1 showing an indicator window and indicator

lever;

FIG. 6 depicts an diagrammatic view of the indicator window of FIG. 5 showing

an cxemplary indicator bar and exemplary corresponding staple representations;

FIGS. 7A depicts a partial, cross-sectional perspective view of an exemplary anvil
in a first position in which the anvil has interacted with a stapling head assembly to create

an anastomosis;

FIG. 7B depicts a partial, cross-sectional perspective view of the anvil of FIG. 7A
in a second position in which an anvil head of the anvil has been tilted away from a link

and an anvil shaft portion;

FIG. 7C depicts a partial, cross-sectional perspective view of the anvil of FIG. 7A
in a third position in which a link of the anvil shaft is tilted away from the anvil shaft

portion;

FIG. 8 depicts a partial cross-sectional, perspective view of another exemplary
anvil in a first position in which the anvil has interacted with a stapling head assembly to

create an anastomosis; and

FIG. 9 depicts a partial cross-sectional, perspective view of the anvil of FIG. 8 in
a second position in which an anvil head is tilted about an off-center pivot of an anvil

shaft portion of the anvil.

The drawings are not intended to be himiting in any way, and it is contemplated
that various embodiments of the technology may be carried out in a variety of other ways,
including those not necessarily depicted in the drawings. The accompanying drawings
incorporated in and forming a part of the specification ilhustrate scveral aspects of the
present technology, and together with the deseription serve to explain the principles of
the technology; it being understood, however, that this technology is not limited to the

precise arrangements shown.
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DETAILED DESCRIFTION

{6021} The folowing description of certain examples of the technology should not be
used to limit its scope. Other examples, features, aspects, embodiments, and advantages
of the technology will become apparent to those skilled in the art from the following
description, which is by way of illustration, one of the best modes contemplated for
carrying out the techoology. As will be realized, the technology described herein is
capable of other different and obvious aspects, all without departing from the technology.
Accordingly, the drawings and descriptions should be regarded as illustrative in nature

and not restrictive.
{6022} i Overview of Exemplary Circular Stapling Surgical Instrument

{0023} FIGS. 1-6 depict an exemplary circular surgical stapling instrument (10} having a
stapling head assembly (20}, a shaft assembly (60), and an actuator handle assembly (70),
cach of which will be described in more detail below. Shaft assembly {60} extends
distally from actuator handle assembly (70} and stapling head assembly (20} is coupled to
a distal ond of shaft assembly (60). In brief, actuator handle assembly (78} is operable to
actuate a staple driver (24) of stapling head assembly (20) to drive a plurality of staples
(66} out of stapling head assembly (20}, Staples (66} arc bent to form completed staples
by an anvil {(40) that is attached at the distal end of instrument (10}, Accordingly, tissue

(2}, shown in FIGS. 2A-2C, may be stapled utilizing instrument (10}

{0024} In the present cxample, instrument (10} comprises a closure system and a firing
system. The closure system commpriscs a trocar {38), a trocar actuator {39), and a rotating
knob (98). An anvil (40} may be coupled to a distal cnd of trocar (38). Rotating knob
(98} 1s operable to longitudinally translate trocar (38) relative to stapling head assembly
(203, thereby translating anvil (40) when anvil (40} is coupled to trocar {38), to clamp
tissuc hetween anvil (40} and stapling head assembly (20). The firing systom comprises a
trigger {74}, a trigger actuation assembly {84), a driver actuator {64), and a staple driver
(24). Staple driver {(24) inclodes a knife (36) configured to sever tissue when staple
driver (24) is actuated longitudinally. In addition, staples (66) are positioned distal to a

plurality of staple driving members (30} of staple driver (24 such that staple driver (24)
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also drives staples (66} distally when staple driver (24} is actuated longitudinally. Thus,
when trigger {74} is actuated and trigger actuation assembly {¥4) actuates staple driver
(24} via driver actuator {64), knifc (36) and members (30} substantially simultancously
sever tissuc {2} and drive staples (66) distally relative to stapling head asscmbly (20} into
tissuc. The components and functionalitics of the closure system and firing system will

now be described in greater detail.
10025} A, Exemplary Anvil

{6026] As shown in FIGS. 1-2C, anvil (40) is sclectively coupleable to instrument (10} to
provide a surface against which staples {(66) may be bent to staple material contained
between stapling head assembly (20} and anvil {40). Anvil (40) of the present cxample is
sclectively coupleable to a trocar or pointed rod (38} that cxtends distally relative to
stapling hecad assembly (20). Reforring to FIGS. 2A-2C, anvil (40) is sclectively
coupleable via the coupling of a proximal shaft (42} of anvil {40} to a distal tip of trocar
(38). Anvil (40) compriscs a gencrally circular anvil head (48) and a proximal shaft (42)
extending proximally from anvil head (48). In the example shown, proximal shaft (42)
compriscs a tubular member (44) having resilicntly biased retaining clips (46} to
sclectively couple anvil (40) to trocar (38), though this is merely optional, and it should
be understood that other retention features for coupling anvil (40) to trocar (38) may be
used as well,  For example, C-clips, clamops, threading, pins, adhesives, cte. may be
emploved to couple anvil (40) to trocar (38). In addition, while anvil (40) is described as
selectively coupleable to trocar (38}, in some versions proximal shaft (42) may include a
one-way coupling feature such that anvil (40} cannot be removed from trocar (38) once
anvil (40} 1s attached. Merely exemplary one-way features include barbs, one way snaps,
collets, collars, tabs, bands, ete. Of course still other configurations for coupling anvil
{40} to trocar {3&) will be apparent to one of ordinary skill in the art in view of the
teachings herein, For instance, trocar {3&) may instead be a hollow shaft and proximal

shaft (42} may comprise a sharpened rod that is insertable into the hollow shaft.

{8027} Anvil head {48} of the present example comprises a plurality of staple forming

pockets (52} formed in a proximal face (50} of anvil head (48). Accordingly, when anvil
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(40} is in the closed position and staples {66} arc driven out of stapling head assembly
(20} into staple forming pockets (52}, as shown in FIG. 2C, logs {68) of staples (66} arc
bent to form completed staples. It should be understood that staple forming pockets (52}

arc merely optional and may be omitted in some versions.

18028} With anvil (40) as a separate component, it should be understood that anvil (40)
may be inserted and secured to a portion of tissue (2} prior to being coupled to stapling
head assembly (20). By way of example only, anvil (40} may be inserted into and
securcd to a first tubular portion of tissue (2) while instrument {(10) i3 inserted into and
sccured to a second tubular portion of tissue (2). For instance, the first tubular portion of
tissue (2} may be sutured to or about a portion of anvil {(40), and the second tubular

portion of tissue {2} may be sutured to or about trocar (38).

{0029] As shown in FIG. 2A, anvil (40) is then coupled to trocar (3R8). Trocar (38) of the
present example is shown in a distal most actuated position. Such an extended position
for trocar (38) may provide a larger area to which tissue (2) may be coupled prior to
attachment of anvil (40). In addition, the cxtended position of trocar (38) may also
provide for easier attachment of anvil (40} to trocar (38). Trocar (38) further inchudes a
tapered distal tip. Such a tip may be capablc of picrcing through tissue and/or aiding the
mmsertion of anvil (40) on to trocar (38), though the tapered distal tip is mercly optional.
For instance, in other versions trocar (38) may have a blunt tip. To addition, or in the
alternative, trocar (38) may include a magnetic portion {not shown} which may attract
anvil (40} towards trocar {38). Of course still further configurations and arrangements for
anvil {40} and trocar (38) will be apparent to one of ordinary skill in the art 1o view of the

teachings herein.

10030} When anvil (40} 1s coupled to trocar (38), the distance between a proximal face of
the anvil (40} and a distal face of stapling head assembly (20) defines a gap distance 4.
Trocar (38} of the present exarople 1s translatable longitudinally relative to stapling head
assembly (20} via an adjusting knob (98) located at a proximal end of actuator handle
assembly {70}, as will be deseribed in greater detail below. Accordingly, when anvil (40)

is coupled to trocar (38), rotation of adjusting knob (98} enlarges or reduces gap distance
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d by actuating anvil {(40) relative to stapling head assembly (20). For instance, as shown
scquentially in FIGS. 2A-2B, anvil (40) is shown actuating proximally relative to actuator
handle assembly (70) from an initial, open position to a closed position, thereby reducing
the gap distance d and the distance between the two portions of tissue (2) to be joined.
Onec the gap distance 4 is brought within a predetermined range, stapling head assembly
(20} may be fired, as shown in FIG. 2C, to staple and sever tissue {2) between anvil (40)
and stapling head assembly (20). Stapling head assembly (20} is operable to staple and
sever tissuc {2) by a uscr pivoting a trigger {74) of actuator handle assembly (70}, as will

be described in greater detail below.

{0031} As noted above, gap distance o corresponds to the distance between anvil (40) and
stapling head assembly (20). When instrument {10) is inserted into a patient, this gap
distance d may not be casily viewable. Accordingly, a moveable indicator bar {110},
shown in FIGS. 5-6, is provided to be visible through an indicator window (120}
positioned opposite to trigger {74). Indicator bar {110} 1s operable to move in response to
rotation of adjusting kuob (98) such that the position of indicator bar (110} is
representative of the gap distance d. As shown in FIG. 6, indicator window (120} further
comprises a scale (130} which indicates that the anvil gap 1s within a desired operating
range {e.g., a green colored region or “green zone”y and a corresponding staple
compression representation at cach end of scale (130). By way of example only, as
shown in FIG. 6, a first staple image (132) depicts a large staple height while a second
staple image {134) depicts a small staple height.  Accordingly, a user can view the
position of the coupled anvil (40} relative to the stapling head assembly (20} via indicator
bar (110) and scale (1383, The user may then adjust the positioning of anvil (40} via

adjusting knob (98) accordingly.

16632} Referring back to FIGS. 2A-2C, a user sufures a portion of tissue (2} about tubular
member (443 such that anvil head (48} is located within a portion of the tissue {2) to be
stapled. When tissue {2) is attached to anvil {40), retaining clips (46} and a portion of
fubular member {44) protrude out from tissue (2) such that the user may couple anvil (40)
to trocar {38). With tissue (2} coupled to trocar {38} and/or another portion of stapling

head assembly (20}, the user attaches anvil (40} to trocar {3&) and actoates anvil (40)
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proximally towards stapling head assembly (20} to reduce the gap distance d. Once
instrument (10} is within the operating range, the user then staples together the ends of

tissuc {2}, thereby forming a substantially contiguous tubular portion of tissuc (2},

{6033} Anvil (40) may be further constructed in accordance with at least some of the
teachings of U.S. Pat. No. 5,205,459, U.S. Pat. No. 5,271,544, U.8. Pat. No. 5,275,322;
U.S. Pat. No. 5,285,945; 1.5, Pat. No. 5,292,053, U.S. Pat. No. 5,333,773; U.S. Pat. No.
5,350,104, U.S. Pat. No. 5,533,661, the disclosures of which are incorporated by
reference hercin; and/or in accordance with other configurations as will be apparent to

one of ordinary skill in the art in view of the teachings herein.

{6034} B. Exemplary Stapling Head Assembly
{0835} Stapling head assembly (20} of the present example is coupled to a distal end of

shaft assembly (60} and comprises a tubular casing (22) housing a slidable staple driver
(24} and a plurality of staples (66} contained within staple pockets (32}, Staples {(66) and
staple pockets {32} arc disposed in a circular array about tubular casing (22). In the
present example, staples (66} and staple pockets {32) are disposed in a pair of concentric
annular rows of staples (66) and staplc pockets (32). Staple driver {24} 15 operable to
actuate longitudinally within tubular casing (22} in responsc to rotation of trigger (74} of
actuator handle assembly (70}, As shown in FIGS. 2A-2C, staple driver {24} compriscs a
flared cylindrical member having a trocar opening (26}, a central recess (28), and a
plurality of members (30} disposed circumfercntially about central recess (28) and
extending distally relative to shaft agsembly (68). Each member (30) 15 configured to
contact and engage a corresponding staple (66) of the plurality of staples (66) within
staple pockets (32). Accordingly, when staple driver (24) is actuated distally relative to
actuator handle assernbly {70), each member (30) drives a corresponding staple (66} out
of us staple pocket (32) through a staple aperture (34) formed in a distal end of tubular
casing (22). Because cach member (30} extends from staple driver {24), the plurality of
staples {66} are driven out of stapling head assembly (20) at substantially the same time.
When anvil (403 is in the closed position, staples {66) are driven into staple forming

pockets {52} to bend legs (68) of the staples (66), thereby stapling the material located
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between anvil {40} and stapling head assembly (20}, FIG. 3 depicts one merely
excmplary staple (66) driven by a member {3() into a staple forming pocket (32) of anvil

{40} to bend legs (08},

{06036} Staple driver (24} further inchudes a cylindrical knife (36) that is coaxial to trocar
opening {26) and insct from staple pockets (32). In the present example, cylindrical knife
(36} is disposed within central recess (28) to translate distally with staple driver (24).
When anvil (40) is secured to trocar (38), as described above, anvil head {(48) provides a
surface against which cylindrical knife (36) cuts the material contained between anvil
(40} and stapling head assembly (20). In some versions, anvil head (48) may include a
recess {not shown} for cylindrical knife (36) to aid in cutting the material (e.g., by
providing a cooperative shearing cdge). In addition, or in the alternative, anvil head (48)
may include onc or more opposing cylindrical knives (not shown) offset from cylindrical
knife {36) such that a scissor-type cutting action may be provided.  Still other
configurations will be apparent to one of ordinary skill in the art in view of the teachings
herein.  Stapling bead assembly (20) 18 thus operable to both staple and cut tissue (2)

substantially simultaneously in response to actuation by actaator handle assembly (70).

o

[0037] Of course stapling head assembly (20} may be further constructed in accordance
with at lcast some of the teachings of U.S. Pat. No. 5,205,459; U.S. Pat. No. 5,271,544,
U.S. Pat. No. 5,275,322; U.S. Pat. No. 5,285,945; U.5. Pat. No. 5,292,053; U.S. Pat. No.
5,333,773; U.S. Pat. No. 5,350,104; U.S. Pat. No. 5,533,661, the disclosures of which are
ncorporated by reference herein; and/or in accordance with other configurations as will

be apparent to one of ordinary skill in the art in view of the tcachings herein.

{08038} As noted previously, staple driver (24) 1nchudes a trocar opening (26). Trocar
opening {26} is configured to permit trocar {38) to longitudinally slide relative to stapling
head assembly (20) and/or shaft assembly (60}, As shown in FIGS. 2A-2C, trocar (38) i8
coupled to a trocar actuator {39) such that trocar (38) can be actuated longitudinally via
rotation of rotating kunob (98), as will be described in greater detail below n reference to
actuator handle assembly (70). In the present example, trocar actuator (393 comprises an

elongated, relatively stiff shaft coupled to trocar (38), though this is merely optional. In
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some versions, actuator {39} may comprise a longitudimally stiff material while
permitting lateral bending such that portions of instrument {10) may be sclectively bent
or curved during use; or instrument (10} may include a preset bent shafi assembly (60).
One merely cxemplary material is nitinol. When anvil (40) is coupled to trocar (38),
trocar {38) and anvil (40) are translatable via actuator {39) to adjust the gap distance d
between anvil (40} and stapling head assembly (203, Still further configurations for
actuator {39) to longitudinally actuate trocar (38} will be apparent to one of ordinary skill

in the art in view of the teachings herein.
16039} C. Exemplary Shaft Asscmbly

{6046} Stapling head assembiy {(20) and trocar (38) arc positioned at a distal end of shaft
assembly (603, as shown in FIGS. 2A-2C. Shaft assombly (60} of the present example
comprises an outer tubular member (62} and a driver actuator (64). Outer tabular
member (62) is coupled to tubular casing (22) of stapling head assembly (20} and to a
body (72) of actuator handle assembly (70), thereby providing a mechanical ground for
the actuating components therein, The proximal end of driver actuator {64} is coupled to
a trigger actuation assembly (84) of actuator handle assembly (70), described below, The
distal end of driver actuator (64) is coupled to staple driver (24} such that the rotation of
trigger (74) longitudinally actuates staple driver (24). As shown in FIGS. 2A-2C, driver
actuator (64) comprises a tubular member having an open longitadinal axis such that
actuator (39) coupled to trocar (38) may actuate longitudinally within and relative to
driver actuator {(64). Of course it should be understood that other coraponents may be
disposed within driver actuator (64} as will be apparent to one of ordinary skill i the art

in view of the teachings herein,

{0041} Shaft assembly (60) may be further constructed in accordance with at least some
of the teachings of U.S. Pat. No. 5,205,459; U.S. Pat. No. 5,271,544, U.S. Pat. No.
5,275,322, U.S. Pat. No. 5,285,945, U.S. Pat, No. 5292,053; U.S. Pat. No. 5,333,773,
U.S. Pat. No. 5350,104; U.S. Pat. No. 5,533,661, the disclosures of which are
incorporated by reference herein; and/or in accordance with other configurations as will

be apparent to one of ordinary skill in the art in view of the teachings herein.
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08042} D Exemplary Actuator Handle Assembly

{6043} Referring now to FIGS. 4A-5, actuator handle assembly (70} comprises a body
(723, a trigger (743, a lockout feature (82), a trigger actuation assembly {(84), and a trocar
actuation assembly (90). Trigger (74} of the present example is pivotably mounted to
body {72} and is coupled to trigger actuation assembly (84) such that rotation of trigger
(74} from an unfired position {(shown in FIG. 4A) to a fired position (shown in FIG. 4B)
actuates driver actuator (64) described above. A spring (78} is coupled to body (72) and
trigger {74} to bias trigger {74) towards the unfired position. Lockout featurc (8§2) is a
pivotable member that is coupled to body (72). In a first, locked position, lockout feature
(82} is pivoted upwards and away from body {72) such that lockout feature (82) engages
trigger (74) and mechanically resists actuation of trigger {74) by a user. In a sccond,
unlocked position, such as that shown in FIGS. 1 and 4B, lockout feature (82) is pivoted
downward such that trigger (74) may be actuated by the user. Accordingly, with lockout
featare (82) 1o the second position, trigger (74) can cngage a trigger actuation assembly

(84} to fire instrument {10).

{8044} As shown in FIGS, 4A-4B, trigger actuation assembly (84} of the present example
comprises a shidablc trigger carriage (86} engaged with a proximal end of driver actuator
(64}, Carriage (86} includes a sct of tabs (88) on a proximal cnd of carriage {86} to retain
and engage a pair of trigger armos (76) extending from trigger (74). Accordingly, when
frigger {74} is pivoted, carriage (86) 15 actuated longiudivally and transfers the
longitudinal motion to driver actuator {64). In the example shown, carriage (86) is
fixedly coupled to the proximal end of driver actuator (64), though this is merely
optional, Tndeed, in one merely exemplary alternative, carriage (86) may simply abut
driver actuator (64) while a distal spring {(not shown) biases driver actuator (64)

proximally relative to actuator handle assembly (70).

10045} Trigger actuation assembly (84) may be further constructed in accordance with at
least some of the teachings of U.S. Pat. No. 5,205,439; U.S. Pat. No. 5,271,544, U.S. Pat.
No. 5,275,322, 1.8, Pat. No. 5,28594S5; US. Pat. No. 5,292,0583; U.S. Pat. No.
5,333,773; LS. Pat. No. 5,350,104; 1U1.S. Pat. No. 5,533,661, the disclosures of which are
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incorporated by reference herein; and/or in accordance with other configurations as will

be apparent to one of ordinary skifl in the art in view of the teachings herein.

10046} Body (72) also houses a trocar actuation assembly (90} configured to actuate
trocar {38} longitudinally in response to rotation of adjusting knob {98). As best shown
in FIGS. 4A-5, trocar actuation assembly (90} of the present example comprises adjusting
knob (98}, a grooved shank {(94), and a slecve (92). Grooved shank (94} of the present
cxample is located at a distal end of trocar actuator (39}, though it should be understood
that grooved shank (94) and trocar actuator (39} may alternatively be separate
components that cngage to transmit longitudinal movement.  Adjusting knob (98} is
rotatably supported by the proximal end of body (72) and 18 operable to rotate sleeve (92)
that 18 engaged with grooved shank (94} via an internal tab {not shown). Grooved shank
(94} of the present cxample comprises a contimuous groove (96) formed in the outer
surface of grooved shank (#4). Accordingly, when adjusting konob (98} is rotated, the
internal tab rides within groove (96) and grooved shank (94) s longitadinally actuated
relative to sleeve (92). Since grooved shank (94) is located at the distal end of trocar
actuator (39}, rotating adjusting knob (98) in a first direction advances trocar actuator
(39} distally relative to actuator handle assembly (70). Accordingly, the gap distance d
hetween anvil {40} and stapling head assembly (20) is increased. By rotating adjusting
knob (98} in the opposite direction, trocar actuator {39) is actuated proximally relative to
actnator handle assembly (7() to reduce the gap distance 4 between anvil (40} and
stapling head assembly {20}, Thus, trocar actuation assembly (90} is operable to actnate
trocar (3K} in response to rotating adjustment knob (98}, Of course other configurations
for trocar actuation assembly (30} will be apparent to one of ordinary skill in the art in

view of the teachings herein.

160471 Groove (96} of the present example comprises a plurality of different portions
(96A, 968, 96() that have a varving pitch or number of grooves per axial distance. The
present groove (96} is divided into a distal portion (964}, a middle portion (36B) and a
proximal portion (86C}. As shown in FIG. §, distal portion {36A) compriscs a fine pitch
or a high number of grooves over a short axial distance of grooved shank {94) such that a

large number of rotations of adjusting knob (9¥) are required to traverse the short axial
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distance. Middle portion {96B) comprises a section with comparably coarser pitch or
fewer grooves per axial distance such that relatively fow rotations are required to traverse
a long axial distance. Accordingly, the gap distance 4 may be quickly reduced through
relatively fow rotations of adjusting knob (98). Proximal portion (96C) of the present
cxample 18 substantially similar to distal portion (96A) and comprises a finc pitch or a
high number of grooves over a short axial distance of grooved shank (94) such that a
large number of rotations arc required to traverse the short axial distance. Proximal
portion {96C) of the present example is positioned within sleeve (92) when anvil (40) is
substantially ncar to stapling head assembly (20} such that indicator bar {(110) moves
within indicator window {120} along scale (130} to indicate that the anvil gap is within a
desired operating range, as will be described in more detail below. Accordingly, when
the tab is within proximal portion (36C) of groove {96}, cach rotation of adjusting knob

(98} may reduce the gap distance d by a small amount to provide for fine tuning.

10048} Trocar actuation assembly (80} may be {urther constructed in accordance with at

least some of the teachings of U.S. Pat. No. 5,205,439; U.S. Pat. No. 5,271,544, U.S. Pat.
0. 5275322; US. Pat. No. 5,285,945; U.S. Pat. No. 5,292,053; U.S. Pat. No.
5,333,773; U8, Pat. No. 5,350,104; .S, Pat. No. 5,533,661, the disclosures of which are

Z

incorporated by reference herein; and/or in accordance with other configurations as will

be apparent to one of ordinary skill in the art in view of the teachings herein,

[0049] In the example shown in FIGS, 4A-48, a U-shaped clip (100} 15 attached to an
ntermediate portion of trocar actuator (39) located distally of grooved shank (94). U-
shaped chip (100) congages with a portion of body (72) to substantially prevent trocar
actuator (39} froro rotating about s axis when adjusting knob (38} is rotated. U-shaped
clip (100} further includes an clongated slot (102} on each of its opposite sides for
recetving an attachment member, such as a screw, bolt, pin, clip, ete., to selectively adjust
the longitudinal position of clongated slot (102} of U-~shaped clip (100} relative to trocar

actuator (39) for purposes of calibrating indicator bar (110} relative to scale (130).

{8050} As shown in FIG. 5, actuator handle assembly {70} further includes an indicator

bracket {140) configured to engage and pivot an indicator (104). Indicator bracket (140)
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of the present example is slidable relative to body (72) along a pair of slots formed on
body (72). Indicator bracket {140) comprises a rectangular plate {(144), an indicator arm
(146}, and an angled flange (142). Angled flange (142) is formed at the proximal end of
rectangular plate (144) and includes an aperture (not shown} to slidable mount onto trocar
actuator {39) and/or grooved shank (94). A coil spring (150} is interposed between
flange (142} and a boss (152} to bias flange (142) against U-shaped clip (100}
Accordingly, when U-shaped clip (100} actuates distally with trocar actuator {(39) and/or
grooved shank (94), cotl spring (150) urges indicator bracket (140} to travel distally with
U-shaped clip (100). In addition, U-shaped clip (100} urges indicator bracket (140}
proximally relative to boss (152} when trocar actuator {39} and/or grooved shank (94)
translate proximally, thereby compressing coil spring (1503, Of course, it should be
undersiood that in some versions indicator bracket (140) may be fixedly attached to

trocar actuator {39) and/or grooved shank (94},

[0051] In the present example, a portion of lockout feature (82) abuts a surface (141) of
mndicator bracket (140) when indicator bracket (140} is in a longitadinal position that
does not correspond to when the anvil gap is within a desired operating range (e.g., &
green colored region or “green zong”). When the anvil gap 1s within a desired operating
range {e.g., a green colored region or “green zone™), indicator bracket (140) narrows o
provide a pair of gaps (145) on cither side of an indicator arm (146) that permits lockout
feature {82} to pivot, thereby releasing trigger (74). Accordingly, lockout feature (82)
and indicator bracket {140) can substantially prevent a user from releasing and operating
trigger (743 until anvil {40} is in a predetermined operating range. Of course it should be

understood that tockout feature (823 may be omitted entirely in some versions.

[852] This operating range may be visually commmicated to the user via an indicator
bar {110) of an indicator {104) shown against a scale (130), described briefly above, At
the distal end of indicator bracket (140} is a distally projecting indicator arm (146} which
terminates at a laterally projecting finger {148) for controlling the movement of mdicator
(104}, Indicator arm (146} and finger (148), best shown in FIG. 3, are configured to
engage a tab (106} of indicator (104} such that indicator {(104) is pivoted when mdicator

bracket (140} is actuated longitudinally. In the present example, indicator (104) is
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pivotably coupled to body (72} at a first end of indicator (104}, though this is mercly
optional and other pivot points for indicator {104) will be apparent to onc of ordinary
skill in the art in view of the tcachings herein. An indicator bar {110} is positioned on the
second cnd of indicator {(104) such that indicator bar (110) moves in response to the
actuation of indicator bracket (140). Accordingly, as discussed above, indicator bar (110}
is displayed through an indicator window (120) against a scale (130} {(shown in FIG. 6} to

show the relative gap distance d between anvil (40} and stapling head assembly (20},

{0053] Of course indicator bracket (140}, indicator (104), and/or actuator handle
assembly (70} may be further constructed in accordance with at least some of the
teachings of U.S. Pat. No. 5,205.459; U5, Pat. No. 5,271,544; U.S. Pat. No. 5,275,322;
U.S, Pat. No. 5,285,945; U.S. Pat. No. 5,292,053; U.S. Pat. No. 5,333,773; U.S. Pat. No.
5,350,104; U.S. Pat. No. 5,533,661, the disclosures of which are incorporated by
reference herein; and/or in accordance with other configurations as will be apparent to

one of ordinary skill in the art in view of the tcachings herein
10054} if Excemplary Anvil Tilting Versions

{B055] As described above, an anvil such as anvil (40) of FIG. 2A may be inserted into a
lumen forming portion of tissuc (2}, and may be retracted from an anastomosis site being
uscd as described above to staple portions of tissuc (2) to form the anastomosis. For
cxample, FIGS. 7A-9 show upper esophagus (4A) and lower esophagus (4B), which arc
formed by tissue (2) this 18 stapled together at an anastomosis (6). In an ¢csophagectomy,
tor exarnple, a surgeon may desire to ntroduce an anvil of a circular stapler trans-orally
and n an atraumatic manner. For example, the surgeon may desire to reduce trauma that
may occur to an interior surface of the esophagus via trans-oral introduction of the anvil,
as well retraction of the anvil, by preventing an outer edge of the anvil from interacting
with the interior surface of esophagus (4) during insertion and retraction of the anvil. Or
the surgeon may wish to introduce the circular stapler anvil in an atraumatic manner in an
intestinal procedure or like procedures as will be apparent to those of ordinary skill in the

art in view of the teachings herein. For example, the anvil may be introduced into or
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[0856]

[0057]

retracted from a naturally occurring body tumen of tissue (2}, which may be the intestine,

esophagus {4), or some other portion of the gastrointestinal (G1) tract.

With respect to a trans-oral introduction of the anvil, the anvil may be introduced
trans-orally and dirccted downward into a patient’s esophagus (4) to a first suturing
position shown in, for cxample, FIG. 2ZA (wherein tissuc (2} may represent the
esophagus). The anvil may then be sutured in the first suturing posttion as shown in FIG.
2A and as described above with respect to anvil (40). The anvil may additionally or
alternatively be attached to tissuc (2), as shown in FIG. 2A in any suitable manner as will
be apparcnt to those of ordinary skill in the art in view of the teachings herein, Stapling
head assembly (20 may be introduced via, for example, an abdominal opening and led
up esophagus {4} to a second suturing position disposed below the first suturing position.
Stapling head assembly (20) may then be sutured to tissue {2} as described above or
attached in any suitable manuner as will be apparent to those of ordinary skill in the art in
view of the teachings herein.  Anvil (40) and stapling head assembly (20} arc then
operable to inferact to sever and staple tissue {2} as described above to create anastomosis
(6} {created by two reconnected portions of fissue (2}) as shown in FIGS, 7A-9, which are

described in greater detail further below.

Additional exemplary modifications that may be provided for instrument (10} to
reduce esophageal trauma during transport of anvil (40) will be described in greater detail
helow. Various suitable ways i which the below teachings may be incorporated into
mstroment {10} will be apparent to those of ordinary skill in the art. Sinmularly, various
suitable ways in which the below teachings may be corabined with various teachings of
the references cited herein will be apparent to those of skill in the art. Tt should also be
understood that the below teachings are not limited to instrument {10} or devices taught
in the references cited herein. The below teachings may be readily applied to various
other kinds of mstruments, including instruments that would not be classified as surgical
staplers. Various other suitable devices and settings in which the below teachings may be
applied will be apparent to those of ordinary skill in the art in view of the teachings

herein.
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{B0SE] A Exemplary First Tilting Anvil Version Including Multiple Pivots
{6059 As shown in FIGS. 7A-7C, an cxemplary first tilting anvil (240) includes anvil

head (248} and a proximal shaft {242} extending proximally from anvil head (248).
Proximal shaft (242) is attachable to trocar (38) in a manner as described above with
respect to proximal shaft (42) or as will be apparent to one of ordinary skill in the art in
view of the teachings herein. Proximal shatt (242} compriscs a flexible material, a rigid
material, or any suitable material as will be apparent to onc of ordinary skill in the art in
view of the tecachings herein. Anvil head (248) is similar to anvil head (48), described
above, and includes a plurality of staple forming pockets (not shown) formed in a
proximal face (250} of anvil head (248). Anvil head (248) operates with staples (66) ina

similar manner as described above for anvil head (48},

{0060} Anvil head (248) is linked to proximal shaft (242). Proximal shaft (242) includes
link (254) and shaft portion (256). Link {254) and shaft portion {256} arc linked together
via linking pivot (258). Link (254} is rotatable about a longitudinal axis of linking pivot
(258). Anvil head {248} is linked to link {254} via head pivot (252). Anvil head (248} is
rotatable about a longitudinal axis of head pivot (252) in the direction of arrow (A}, as
shown in FIG. 7B. Link (254) of proximal shaft (242) is rotatable about linking pivot
(258} in the direction of arrow (B), as shown in FIG. 7C. Head pivot (252}, and other
pivots of the present disclosure, may be comprised of, for example, pins received throogh
channcls or other suitable structures as will be apparent to those of ordinary skill in the

art in view of the teachings herein.

[0061] As shown in FIG., 7B, driver rod (253) is disposed and translatable within
proximal shaft (242). When driver rod (253) 15 advanced to a distal position, driver rod
(253} engages an off-center point of proximal face (250) of anvil (240) with sufficient
torce to tilt anvil head (248) about head pivot (252 in the direction of arrow (A)., Driver
rod (253) keeps anvil head (248} 1o the tilted position while driver rod (253) 18 in the
distal position. In some versions, driver rod (253) 18 retracted proximally before link
(254} rotates about linking pivot {238} as shown in FIG. 7C. In some other versions,

driver rod (253} stays in the distal position when link (254} rotates about linking pivot
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(258). 1t should therefore be understood that driver rod (253} may cither proximally

terminate distal to linking pivot (258); or driver rod may flex through linking pivot {238).

18862} In some versions, the longitudinal position of driver rod {253} relative to anvil
head (248} 1s based on the position of anvil {240) in relation to stapling head assembly
(20}. For instance, driver rod {253) may be configured to remain in the distal position
whenever anvil (240} is decoupled from trocar {(3&) of stapling head assembly (20}, In
somc such versions, driver rod {253) may automatically retract proximally upon coupling
anvil {240} with trocar (38). Altcrnatively, driver rod (253} may be configured to remain
in the distal position cven after anvil (240} is coupled with trocar (38), when anvil {240}
is still spaced significantly from stapling head assembly (20} (c.g., before anvil (240) is
drawn toward stapling head assembly (20} by trocar (38} to clamp tissuc between anvil
{240} and stapling head assembly (20}, etc.). In some such versions, a feature in anvil
(240} and/or a feature in stapling head assembly (20} may be configured to retract driver
rod {253 proximally, thereby allowing anvil head (248) to pivot to the position shown in
FIG. 7A, when anvil (240) 1s retracted within a certain distance relative to stapling head
assembly (203, For instance, a camming feature of proximal shaft (242} may interact
with a complementary feature of stapling head assembly (20} when proximal shaft (242)
is retracted to a certain position within stapling head assembly (20).  Tostead of
automating the retraction of driver rod (253), a separate actuator may extend along shaft
assembly (60} to actuator handle assembly (70}, enabling the operator to selectively
advance/retract driver vod (253) independently.  As still ancther variation, driver rod
(253} may be integral with shaft portion {256), and the combination of driver rod (253)
and shaft portion (256) may sclectively slide relative to link (254} and pivot (258} to
selectively advance/retract driver rod (253}, As vet another merely illustrative example,
an clectromechanical feature (ec.g., solencid, ctc.) may be used to selectively
advance/retract driver rod (253) in an automated fashion or in a manual/independent
fashion. Other suitable ways in which driver rod (253) may be actuated will be apparent

o those of ordinary skill in the art in view of the teachings herein.

{68631 In use, anvil {240) is inserted into an interior fomen of tissue (2) in an anvil

inserting dircetion. For instance, anvil (240} may be inserted trans-orally into esophagus
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(4} of a patient. Before anvil (240} is inserted, a portion of ¢sophagus (4} may be
resected and removed {c.g., using an endocutter type of lincar cutting/stapling device),
resulting in separation of upper csophagus (4A} from lower csophagus (4B). Anvil (240)
may be fed down upper csophagus (4A) until it reaches the bottom cnd of upper
csophagus (4A), where instrument (10} may be used to join upper esophagus {(4A) and
lower csophagus (4B) through an end-to-cnd anastomosis {6). Aunvil (240) may be in
positions shown in FIGS. 7B or 7C whilc being inserted, for example, and prior to shaft
portion (256} being securced to a trocar of a stapling head assembly, such as in the manner
described above to attach anvil (40} to trocar (38) and stapling head assembly (20). In
some versions, conventional surgical graspers are inserted through esophagus (4) to grasp
shaft portion (256) and thereby pull anvil (240) to the anastomosis site via upper

esophagus (4A).

10064} Anvil (240} may be straightencd into a position as shown in FIG. 7A prior to
nteracting with stapling head assembly (20) as described above. Stapling head assembly
(20} is advanced toward anvil (240} through lower esophagus (4B} in a stapling direction
that is opposite the anvil inserting direction,  Shaft portion {236) is then coupled with
trocar {38). The force deployed by the firing and stapling system as described above may
straighten anvil (240} and shaft portion (256} into the position shown in FIG. 7A (for
exarople, when instrument (10} clamps tissue between stapling head assembly (20) and
anvil head (248)). The positions will be described further below with respect to a
retraction of anvil (240). Anvil {240} may then be used as described above to staple
fissue {23 with staples (66). FIG. 7A shows a position after which anvil (240} has been
used to staple tissue {2} with staples (66), and after which knife {36) has severed tissue,

thereby creating a secure anastomosts {6).

{0065] To retract anvil (240}, driver rod (253} is distally advanced, causing anvil head
(248} to pivot about head pivot (252) i the direction of arrow (A} shown in FIG. 7B.
Remaining in an extended position, driver rod (253) assists to maintain anvil head (24K}
in the first Sipped or tilted position shown in FIG. 7B in a manner as will be apparent to
those of ordinary skill in the art in view of the teachings herein. For example, driver rod

(253} may contain a laterally offset portion (not shown) that abuts against proximal face
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(250} when driver rod (253) is in the extended position. The laterally offset portion thus
prevents anvil head (248} from rotating back to the position of anvil head {(24%) shown in

FIG.7A.

{8066} Shaft portion (256) is proximally retracted along the direction of arrow (C} to
retract anvil (240) through the lumen defined by tissue (2) {such as the csophagus (4})).
Load on anvil head (248} from this retraction may provide the pivoting at linking pivot
(258). For example, anvil head (248) may abut inner surface walls of tissuc (2}, causing
link {254} to pivot about linking pivot (258) at angles of from about 30 degrees to about
45 degrees with respect to shaft portion (256) as anvil (240) is retracted proximally.
Further, anvil head (248} s pivoted about head pivot (252) such that anvil head (248)
may be retracted within an internal passageway of tissue (2) with minimal intcraction
with the inner surface walls of tissuc (2). In other words, the above-described tilting and
pivoting may prevent the outer edge of anvil head (248} from scraping against the inner
wall of esophagus as anvil (240} is transported through esophagus. In the position shown
in FIG. 7C, for example, link (254 1s tilted with respect to shaft portion (256) and anvil
head (248) 1s tilied with respect to link (254) into a retraction position. A plane of anvil
head (248) depicted as plane (PP} in FIG. 7C defines an acute angle with longitudinal
axis (LLA) of shaft portion {256} of proximal shaft (242), with vertex (VV) of the angle
being positioned lower than head pivot (252}, In the retraction position, a retraction of
anvil (240) in the direction of arrow (C} substantially avoids snagging a lowermost
portion of anvil head (248}, disposed closest to linking pivot (258}, with an interior
surface of tissue (2}, and particularly with edges of anastomosis (6} that are shown as

stapled together via staples (66).

{0867} Driver rod (2533} may remain extended during retraction of anvil (240} as
deseribed above. Further, anvil head (248} may be lockable at cither the position shown
in FIG. 7B or the position shown in FIG. 7C to case extraction of anvil head (248} from
anastomosis {6) to reduce anastomosis trauma during the retraction of anvil (2480}, For
example, an internal projection in link (254} may be received in an internal notch in shaft
portion (256} laterally offset from linking pivot {258) and disposed at a location 1o lock

link {254} at a desired tilting anglc with respect to shaft portion (256). By way of
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example only, shaft portion (256} may selectively slide relative to link (254} and pivot

(258} to sclectively lock the tilted angle of Link (254) at pivot (258},

{3068} In some versions, anvil head (248} is resiliently biased to tilt to the position
shown in FIGS. 78 and 7C. In such versions, deiver rod (253} may be omitted {or still be
included}. In addition or in the alternative, link {254) may be resiliently biased to tift to
the position shown in FIG. 7C. Various suitablc ways in which such biases may be
provided will be apparent to those of ordinary skill in the art in view of the teachings
herein. It should also be understood that, in such versions, link (254} and anvil head
(248) may eventually tilt to the positions shown in FIG. 7A once anvil (240} is coupled
with trocar {38} and anvil (240} is retracted toward stapling head assembly (20). In other
words, the internal axial passageway within stapling head assembly (20) may straighten
link (254) and the distal face of stapling head assembly (20} may straighten anvil head
(248},

{0069 Other suitable ways in which an anvil may include a multi-pivot shaft will be

apparent to those of ordinary skill in the art in view of the teachings hercin.

{8076} B. Exemplary Sccond Tilting Anvil Version Including Off-Center
Pivot
{6071} FIGS. €-9 show an cxemplary sccond tilting anvil {340 inchading anvil head

(348) and a proximal shaft (342) extending proximally from anvil head (348). Proximal
shaft (342} is attachable to trocar (38} in a manner as described above with respect to
proximal shaft (42} or as will be apparcnt to one of ordinary skill in the art in view of the
tcachings herein. Proximal shatt (342} compriscs a flexible material, a rigid material, or
any suitable matcrial as will be apparent to onc of ordinary skill in the art in view of the
tcachings hercin.  Anvil head (348) is similar to anvil head (48}, described above, and
ncludes a plorality of staple forming pockets (not shown) formed in a proximal face
(350} of anvil head (348). Awnvil head (348} operates with staples (66} in a simlar

manner as described above for anvil head (48).
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19872} Anvil head (348} includes linking connector (351}, which connects anvil head
(348} to proximal shaft (342}, Anvil head (348) is linked to proximal shaft (342) via off-
sct head pivot (3523, Anvil head (348} is rotatable about a longitudinal axis of head pivot
(352} in the direction of arrow (D), as shown in FIG. 9. Driver rod (353) 1s disposed and
translatable within proximal shaft (342) in a manner similar to that described for driver
rod {253). Proximal shaft (342} inchudes a first portion (354) in which driver rod {353} is
disposed and a sccond portion {356) cxtending laterally from a distal end of first portion
(354} of proximal shaft (342). Head pivot (352) is disposed in second portion (356} and
is off-sct from the longitudinal axis of first portion {354). Head pivot (352) connects
hinking connector (351} of anvil head (348) to second portion (356) of proximal shaft
(342}, such that linking connector (351} and anvil head (348) arc rotatable relative to

second portion {356} about a longitudinal axis of head pivot {352).

[0673] In use, anvil (340} is inserted into an interior lumen of tissuc {2) {c.g., upper
esophagus (4A), ete.) in an anvil inserting direction in a manner similar fo that described
above for anvil (240}, Auvil (340) may be in a position shown in FIG. % while being
imserted, for example. When proximal shaft (342) is coupled with trocar (38), the
clamping of tissue between stapling head assembly (203 and anvil (340) will straighten
anvil {340} before a firing actuation as described above. Thus, the force deployed by the
firing and stapling syvstem as described above will straighten anvil (340) into the position
shown in FIG. 8. Awnvil (340) may then be used as described above to staple interior
surfaces of tissue {2}, FIG. 8 shows a position after which anvil (340} has been used to

staple interior surfaces of a lumen of tissue (2} with staples (66} to ¢reate anastomosis (6},

18074} To retract anvil (340}, driver rod (353) 15 distally advanced, causing anvil head
{348} to pivot about head pivot (352} in the direction of arrow (D) shown in FIG. 9.
Driver rod (353} may remain advanced to assist in maintaining anvil head (248) in the
filted position shown in FIG. 9. Because second portion {356) is laterally off-set from
first portion {354}, anvil head (348} is able to rotate about head pivot (352} into a position
in which anvil head (34K} is at an obtuse angle with respect to a starting position of anvil
head (348}, In particular, anvil head (348} rotates more than 30 degrees with respect to

proximal shaft (342) in the present example. A plane of anvil head {348) depicted as
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plane (P} in FIG. 9 defines an acute angle with longitudinal axis (LA} of proximal shaft
(342}, with the vertex (V) of the angle being at a position that is lower than head pivot
(352). Thus, once flipped, a proximal end of anvil head (348) is disposed below second
portion {356) and betweoen ends of sccond portion (356) and first portion (354} of

proximal shaft (342}

{6075} Anvil head {348) may be lockable at the obliguely angled position of FIG. 9 to
case cxtraction of anvil head (348} from anastomosis (b)) in a manner similar to that
described above to lock anvil head (248) as will be apparcnt to those of ordinary skill in
the art in view of the teachings hercin. For example, a projection on an interior surface of
linking connector {351) may advance until receipt in a complementary notch disposed in
an interior surface of second portion (356). Additionally or alternatively, a laterally
projecting portion of drive rod (353} mayv be received into a noich disposed in an
underside of linking conncctor (351). Other suitable ways in which drive rod (353) may
he selectively locked in the distal position shown 1o FIG. 9 {or at least resiliently biased
to the distal position shown in FIG. 9) will be apparcot to those of ordinary skill in the art

in view of the tcachings herein.

{0676} First portion {354) is proximally retracted downwardly through esophagus (4} to
retract anvil (340} from esophagus (4} in a manner as described above. Load on anvil
head (3483 from this retraction may cause proximal shafi (342) to tilt n a direction
oppostte arrow (D} while within esophagus (4), such that longitudinal axis (LA) of
proximal shaft (342) is tilied relative to the axas of esophagus (4). With anvil head (348)
and proximal shaft (342) tilted (as shown i FIG. 9), anvil head (348} may be retracted
downwardly esophagus (4) with minimal interaction between the outer edge of anvil head
(348} and the mner surface walls of esophagus (4). In other words, the above-deseribed

tilting and pivoting may prevent the outer edge of anvil head (348} from scraping against

the inner wall of esophagus as anvil (340) 18 transported through esophagus.
180771 LRI Miscellancous
{6078 It should be understood that any one or more of the teachings, expressions,

embodiments, examples, cte. described hercin may be combined with any one or more of
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{0879}

{0080}

{0081}

the other teachings, cxpressions, embodiments, examples, etc. that are described herein.
The above-described teachings, expressions, embodiments, cxamples, ctc. should
therefore not be viewed in isolation relative to cach other. Various suitable ways in
which the teachings herein may be combined will be readily apparent to those of ordinary
skill in the art in view of the teachings herein. Such modifications and variations arc

intended to be included within the scope of the claims.

It should be appreciated that any patont, publication, or other disclosure material,
in whole or in part, that is said to be incorporated by reference hercin is incorporated
herein only to the extent that the incorporated material does not conflict with existing
definitions, statements, or other disclosure material set forth in this disclosure. As such,
and to the extent necessary, the disclosure as explicitly set forth herein supersedes any
conflicting material incorporated hercin by reference. Any material, or portion thereof,
that is said to be incorporated by reference herein, but which conflicts with existing
definttions, statements, or other disclosure material set forth herein will only be
ncorporated to the exient that no conflict arises between that mcorporated material and

the existing disclosure material.

Versions of the devices described above may have application in conventional
medical treatments and procedures conducted by a medical professional, as well as
application in robotic-assisted medical treatments and procedures. By way of example
only, various teachings herein may be readily incorporated into a robotic surgical system
such as the DAVINCI™ gystem by Intoitive Surgical, Inc., of Sunnyvale, California.
Similarly, those of ordinary skill in the art will recognize that various teachings herein
may be readily combined with various teachings of U.S. Pat. No. 6,783,524, entitled
“Robotic Surgical Tool with Ultrasound Caunterizing and Cutting Tnstrument,” published

Augast 31, 2004, the disclosure of which is incorporated by reference herein.

Versions described above may be designed to be disposed of after a single use, or
they can be designed to be used multiple times. Versions may, in ¢ither or hoth cases, be
reconditioned for reuse after at least one use.  Reconditioning may include any

combination of the steps of disassembly of the device, followed by cleaning or
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{0082}

{0083}

replacement of particular picees, and subscquent reassembly.  In particular, some
versions of the device may be disassembled, and any mumber of the particular picces or
parts of the device may be selectively replaced or removed in any combination. Upon
cleaning and/or replacement of particular parts, some versions of the device may be
reassembled for subsequent use either at a reconditioning facility, or by a user
immediately prior to a procedure.  Those skilled in the art will appreciate that
reconditioning of a device may utilize a variety of techniques for disassembly,
cleaning/replacement, and rcassembly.  Usc of such techniques, and the resulting

reconditioned device, are all within the scope of the present application.

By way of cxample only, versions described herein may be sterilized before
and/or aftcr a procedure. In one sterilization technique, the device 1s placed in a closed
and scaled container, such as a plastic or TYVEK bag. The container and device may
then be placed in a field of radiation that can peoetrate the container, such as gamma
radiation, x-rays, or high-energy clectrons. The radiation may kill bacteria on the device
and in the container. The sterilized device may then be stored in the sterile container for
later use. A device may also be sterilized using any other technigoe known 1n the art,

including but not himited to beta or garoma radiation, ethylene oxide, or steam.,

Having shown and described various embodiments of the present invention,
further adaptations of the methods and systems described hercin may be accomphished by
appropriate modifications by one of ordinary skill in the art without departing from the
scope of the present invention.  Several of such potential modifications have been
mentioned, and others will be apparent to those skilled in the art.  For instance, the
examples, embodiments, geometrics, materials, dimensions, ratios, steps, and the hike
discussed above are tHustrative and are not required.  Accordingly, the scope of the
present invention should be considered in terms of the following claims and is understood
not to be limited to the detatls of structure and operation shown and described in the

specification and drawings.

=)
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Y'We claim:

I A circular stapler apparatus for stapling tissuc, the apparatus comprising:
{a) a stapling head assembly;
{b) an anvil configured to form staples advanced by the stapling head

assembly, the anvil comprising:

{1} an anvil head,

(i) a proximal shaft proximally extending from the anvil head and
having a longitudinal axis, wherein the proximal shaft tcrminates at
a free end located at a first position; and

(it} a first pivot connecting the anvil head to the proximal shaft,
wherein the first pivot is located at a second position, and wherein
the second position is distal to the first position

wherein anvil head 1s configured to rotate about the first pivot to a alied
position 1n which a plane of the anvil head defines an acute angle
with the longitudinal axis of the proximal shaft, wherein the vertex
of the acute angle is located at a third position, wherein the third
position is distal to the first position, and wherein the third position

is proximal to the second position.

2. The apparatus of claim 1, wherein the anvil 1s configured to rotate from a
perpendicular position, in which the plane of the anvil head is disposed substantially

perpendicular to the longitudinal axis of the proximal shaft, to the tilted position.

3. The apparatus of claim 1, further comprising a sccond pivot disposed on the

proximal shaft,
4, The anvil of claim 3, wherein the proximal shaft containg a first portion and a

second portion, and wherein the second pivot s disposed between and attaches the first portion

and the second portion.
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5. The anvil of claim 4, wherein the first portion is configured to rotate about the

second pivot such that the first portion is configured to rotate with respect to the second portion.

6. The anvil of claim 5, wherein the anvil head is configured to be disposed adjacent

to the first portion and spaced from the sccond portion,

7. The anvil of claim 1, wherein the anvil head further comprises a proximally
projecting linked connector, wherein the first pivot attaches the linked conncector to the proximal

shatft,

8. The anvil of clairo 1, further comprising a driver rod configured to votate the anvil

head about the first pivot,

g The anvil of claim §, wherein the driver rod is disposed in the proximal shaft,

10. The anvil of claim 9, wherein the driver rod is translatable within the proximal
shaft.

11, The anvil of claim 10, wherein a distal end of the driver rod s operable to

advance distally past a distal end of the proximal shaft to rotate the anvil head about the first

pivot.

12. The anvil of ¢laim |, wherein the proximal shaft comprises a first portion and a
sccond portion, wherein the first portion is connected to the anvil head via the first pivot, and

wherein a second pivot is disposed between and attaches the first portion and the second portion.

3. The anvil of c¢laim 12, wherein the first portion is configured to rotate about the
sccond pivot in a first rotating direction such that the first portion is configured to rotate with
respect to the second portion to a fourth position, and whercin the anvil head is configured to
rotate about the first pivot in a second rotating direction such that the anvil head is configured to

rotate with respect to the first portion of the proximal shaft to a fifth position.

Page 28



WO 2014/085303 PCT/US2013/071622

14 The anvil of claim 13, wherein the first rotating dircction is opposite the second

rotating direction.

£5. The anvil of claim 13, wherein the anvil is operable to be locked in at lcast one of

the fourth position or the fifth position.

I6. A circular stapler apparatus for stapling tissue, the apparatus comprising:
{a} a stapling head assembly;
{b) an anvil, the anvil comprising:
(i) an anvil head,

(1) a proximal shaft extending from the anvil head, the proximal shaft
including a hink and a proximal end portion;

(i1} a first pivot connecting the anvil head to the hink; and

(iv}  asccond pivot connecting the link fo the proximal end portion;

wherein the link s configured to rotate about the second pivot in a first
rotating direction such that the Hink is configured to rotate with
respect to the proximal end portion to a first position, and wherein
the anvil head is configured to rotate about the first pivot in a
second rotating direction such that the anvil head is configured to
rotate with respect to the link of the proximal shaft to a second
position, wherein the first rotating direction is opposttc the sccond

rotating dircction.

17. The anvil of claim 16, wherein the anvil head in the second position defines a

planc that is substantially parallel to a longitudinal axis of the Hnk in the first position.
8. The anvil of ¢laim 17, wherein the plane of the anvil head in the second position

defines an acute angle with a longitudinal axis of the proximal end portion of the proximal shaft,

and wherein the vertex of the acute angle is disposed below the first pivot.
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19, A circular stapler apparatus for stapling tissue, the apparatus comprising:
{(a) a stapling head assembly;
{b) an anvil, the anvil comprising:
(i} an anvil head,

(it} a proximal shaft extending from the anvil head; and

(i} a first pivot connecting the anvil head to the proximal shaft;

wherein the anvil is configured to rotate from a first position, in which the
anvil head is disposed substantially perpendicular to the proximal
shaft, to a sccond position, in which a portion of the anvil head is
disposed between the first pivot and the proximal shaft such that
the anvil head s acoiely angled with respect to a longitudinal axis

of the proximal shaft,

20, The apparatus of claim 19, wherein the vertex of the acute angle s disposed

below the first pivot.
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