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SURGICAL STAPLER WITH SELF-ADJUSTING STAPLE HEIGHT

Cross-Reference to Related Application

[001] This application claims the benefit of U.S. Application No. 62/050,513, filed on

September 15, 2014, the entire disclosure of which is hereby incorporated by reference as if set

forth in full herein.

Background

[002] This application relates generally to surgical staplers and in particular to surgical
staplers with a self-adjusting staple height mechanism, system and/or process.

[003] Some surgical staplers include mechanisms to provide adjustable jaw gaps and formed
staple sizes. However such staplers require user input, require an estimation or measurement of
tissue, do not provide any mechanism or process to make such an estimation or measurement,
and do not provide sufficient user feedback on the pressure being applied. Such staplers also do
not account for limitations associated with laparoscopic surgery such as space and size
constraints.

[004] Examples of a non-laparoscopic stapler have a dial or knob on the back of the device
which allows the user to manually adjust the closed staple height from a range of 1.0mm to
2.5mm. The devices also have a viewing window which displays the expected “Gap Setting” to
the user or the expected closed staple height. Other staplers have a three position toggle switch
that allows the user to manually select the closed staple height to 1.5mm, 1.8mm, or 2.0mm.
[005]  Such staplers are thus fired at a fixed jaw gap height and compress all the tissue
contained in the jaw of the stapler to that specific height. In some cases, users are required to
choose a specific staple reload with a specific height to be used based on the user’s expertise,
experience of past staple firings, and perception of tissue to be fired on. Additionally, inherently
the anatomies of human organs do not have constant or consistent wall thicknesses and also vary
from patient to patient. Healthy tissue being compared to diseased or inflamed tissue will also
widely vary in size and thickness. As such, the decision of what size staple reloads to use is a
difficult one. Also, although there are a wide range of staple reloads being offered at various jaw
gap heights and staple sizes, the staplers do not offer an accommodation for tissue thickness.
[006]  For some staplers, staple size is chosen by the user, prior to use, based on surgeon’s

perception of tissue thickness (no measuring device provided, used or contemplated) or through
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past experience on similar tissue. However, thickness of a particular organ within a patient can
vary as well as similar anatomy in other patients. As such, choosing a correct staple size for a
given tissue is difficult and it is often difficult to identify if the given tissue fits within one of
four or five finite sizes identified or intended for a given staple. Instructions for use for such
staplers suggest correctly sized staple can be used for a particular range of tissue thickness.
However, users are not provided any mechanisms or process for accurately or efficiently
measuring the tissue. Matters are thus further complicated in that multiple choices of staple sizes
increase permutations for identifying the proper staple size, tissue thickness, and/or force.

[007]  Also, since the stapler is fired at one fixed height, the stapler will always deliver a
staple that is for example 1.5mm in its formed height. This can be problematic if the user
chooses to fire the stapler over tissue that is outside the intended range of the device, often times
limited to a .5mm window. As such, the formed staple does not capture or form into the tissue
and thus does not provide the intended seal or closure of the tissue by the formed staple. Hence,
the formed staple is too large for the given tissue. Additionally, measuring of tissue thickness
prior to firing of the stapler is not available and even if available accuracy of such a
measurement would be difficult to obtain.

[008]  As such, using an incorrect staple size having an incorrect staple height for a specific
tissue thickness can result in not correctly forming a staple and/or excessive compression or

blood flow restriction in forming the staple that may potentially lead to other complications.

Summa

[009] A sclf-adjusting height reload stapler is provided that automatically adjusts to the size
of tissue placed in the jaws. As such, the surgical stapler accounts for the tissue thickness and
automatically adjusts based on actual tissue thickness and not based on a user’s guess or
estimation. The stapler thus provides sufficient tissue compression to provide a seal and
hemostasis at the cut line without clamping or pressing too hard to produce ischemia and/or
tissue damage.

[0010] The stapler allows for jaw gap compensation should the user choose a staple size or
cartridge that is too large for the tissue being stapled across. Hence, the stapler has the ability to
conform to any tissue between the maximum jaw gap height (e.g., .037”/.038”) and minimum

jaw gap height (e.g., .017/.018”) instead of firing at a single pre-determined finite height.
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[0011] The stapler forms staples at a specific staple height for a particular tissue based on
tissue thickness. The stapler uses pressure-force feedback from tissue being compressed within
the jaws to adjust and set the proper staple height (height of the staple after being formed). The
stapler jaws in contact with the tissue is able to detect and react to tissue thickness and adjust the
staple height accordingly to provide an ideal closed staple height for each firing of the device for
cach tissue captured by the device.

[0012] In various embodiments, a stapler is provided that includes a one-way spring loaded lift
that automatically adjusts a staple cartridge and/or staple formation between a range of sizes
(e.g., jaw gap and/or closed staple heights). The lift is automatically released as the staple firing
mechanism begins its forward translation of the firing sequence. The automatic one-way
adjustment also adjusts the staple cartridge while maintaining the cartridge parallel to the anvil to
provide consistent staple formations. In various embodiments, a surgical stapler comprises an
automatic vertical adjustment staple cartridge.

[0013] In various embodiments, a surgical stapler comprises a first jaw including an anvil and
a second jaw including a cartridge including a plurality of staples, the first jaw being movable
towards and away from the second jaw. The stapler further comprises a cartridge lift disposed
between the second jaw and the cartridge and the lift is arranged to move the cartridge towards
the first jaw while the lift moves in a longitudinal direction.

[0014] In various embodiments, a surgical stapler comprises a first jaw including an anvil and
a second jaw including a cartridge having a plurality of staples and extending from a proximal
end to a distal end, the first jaw being movable towards and away from the second jaw. The
stapler further comprises a cartridge lift disposed between the second jaw and the cartridge and
the cartridge lift is biased in a proximal longitudinal direction away from the distal end of the
second jaw.

[0015] In various embodiments, a surgical stapler comprises a first jaw including an anvil and
a second jaw including a cartridge, the first jaw being movable towards the second jaw. The
stapler further comprises an actuation beam having an upper arm and a lower arm and defining a
distance between the upper and lower arms, the distance being adjustable.

[0016] In various embodiments, a surgical stapler comprises an upper jaw including an anvil

and a lower jaw including a cartridge. The lower jaw is movable towards the upper jaw and a
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distance between the upper and lower jaws is adjustable. A proximal most portion of the jaws
has a near zero gap between the upper and lower jaws.
[0017] These and other features of the invention will become more apparent with a discussion

of embodiments in reference to the associated drawings.

Brief Description of Drawings

[0018] The present inventions may be understood by reference to the following description,
taken in connection with the accompanying drawings in which the reference numerals designate
like parts throughout the figures thereof.

[0019] FIG. 1A is a side view of a staple and transector receptacle of a surgical stapler in
accordance with various embodiments of the present invention.

[0020] FIG. 1B is a side view of an actuator of a surgical stapler in accordance with various
embodiments of the present invention.

[0021] FIG. 2A is a perspective view of a staple and transector receptacle of a surgical stapler
in accordance with various embodiments of the present invention.

[0022] FIG. 2B is a side view of a staple and transector receptacle of a surgical stapler in
accordance with various embodiments of the present invention.

[0023] FIG. 3A is a perspective view of a staple and transector receptacle of a surgical stapler
in accordance with various embodiments of the present invention.

[0024] FIG. 3B is a side view of a staple and transector receptacle of a surgical stapler in
accordance with various embodiments of the present invention.

[0025] FIG. 4 is an exploded view of a staple and transector receptacle of a surgical stapler in
accordance with various embodiments of the present invention.

[0026] FIG. 5 is an exploded view of a staple and transector receptacle of a surgical stapler in
accordance with various embodiments of the present invention.

[0027] FIG. 6 is an exploded view of a staple and transector receptacle of a surgical stapler in
accordance with various embodiments of the present invention.

[0028] FIG. 7A is an exploded view of a staple and transector receptacle of a surgical stapler in
accordance with various embodiments of the present invention.

[0029] FIG. 7B is an exploded view of a staple and transector receptacle of a surgical stapler in

accordance with various embodiments of the present invention.
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[0030] FIG. 8A is a top view of a staple pusher in accordance with various embodiments of the
present invention.

[0031] FIG. 8B is a perspective view of a staple pusher in accordance with various
embodiments of the present invention.

[0032] FIG. 8C is a perspective view of a staple pusher in accordance with various
embodiments of the present invention.

[0033] FIG. 9A is a perspective view of a staple and transector receptacle of a surgical stapler
in accordance with various embodiments of the present invention.

[0034] FIG. 9B is a perspective view of a staple and transector receptacle of a surgical stapler
in accordance with various embodiments of the present invention.

[0035] FIG. 10A is a perspective view of a staple and transector receptacle of a surgical stapler
in accordance with various embodiments of the present invention.

[0036] FIG. 10B is a perspective view of a staple and transector receptacle of a surgical stapler
in accordance with various embodiments of the present invention.

[0037] FIG. 11A is a front view of a staple and transector receptacle of a surgical stapler in
accordance with various embodiments of the present invention.

[0038] FIG. 11B is a side cross-sectional view of a staple and transector receptacle of a
surgical stapler in accordance with various embodiments of the present invention.

[0039] FIG. 12A is a front view of a staple and transector receptacle of a surgical stapler in
accordance with various embodiments of the present invention.

[0040] FIG. 12B is a side cross-sectional view of a staple and transector receptacle of a
surgical stapler in accordance with various embodiments of the present invention.

[0041] FIG. 13A is a side cross-sectional view of a staple and transector receptacle of a
surgical stapler in accordance with various embodiments of the present invention.

[0042] FIG. 13B is a side cross-sectional view of a staple and transector receptacle of a
surgical stapler in accordance with various embodiments of the present invention.

[0043] FIG. 14A is a side cross-sectional view of a staple and transector receptacle of a
surgical stapler in accordance with various embodiments of the present invention.

[0044] FIG. 14B is a side cross-sectional view of a staple and transector receptacle of a

surgical stapler in accordance with various embodiments of the present invention.
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[0045] FIG. 15A is a perspective view of portions of a staple and transector receptacle of a
surgical stapler in accordance with various embodiments of the present invention.

[0046] FIG. 15B is a side cross-sectional view of portions of a staple and transector receptacle
of a surgical stapler in accordance with various embodiments of the present invention.

[0047] FIG. 16A is a perspective view of portions of a staple and transector receptacle of a
surgical stapler in accordance with various embodiments of the present invention.

[0048] FIG. 16B is a side cross-sectional view of portions of a staple and transector receptacle
of a surgical stapler in accordance with various embodiments of the present invention.

[0049] FIG. 17A is a perspective view of a distal end of a staple and transector receptacle of a
surgical stapler in accordance with various embodiments of the present invention.

[0050] FIG. 17B is a perspective view of a proximal end of a staple and transector receptacle
of a surgical stapler in accordance with various embodiments of the present invention.

[0051] FIG. 17C is a perspective view of a distal end of a staple and transector receptacle of a
surgical stapler in accordance with various embodiments of the present invention.

[0052] FIG. 17D is a perspective view of a proximal end of a staple and transector receptacle
of a surgical stapler in accordance with various embodiments of the present invention.

[0053] FIG. 18 is a perspective view of an actuator of a staple and transector receptacle of a
surgical stapler in accordance with various embodiments of the present invention.

[0054] FIG. 19 is a side view of an actuator of a staple and transector receptacle of a surgical
stapler in accordance with various embodiments of the present invention.

[0055] FIG. 20 is a side view of an actuator of a staple and transector receptacle of a surgical
stapler in accordance with various embodiments of the present invention.

[0056] FIG. 21 is a perspective view of an actuator of a staple and transector receptacle of a
surgical stapler in accordance with various embodiments of the present invention.

[0057] FIG. 22 is a side view of an actuator of a staple and transector receptacle of a surgical
stapler in accordance with various embodiments of the present invention.

[0058] FIG. 23 is a side view of an actuator of a staple and transector receptacle of a surgical
stapler in accordance with various embodiments of the present invention.

[0059] FIG. 24 is a perspective view of an actuator of a staple and transector receptacle of a

surgical stapler in accordance with various embodiments of the present invention.
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[0060] FIG. 25 is a side view of an actuator of a staple and transector receptacle of a surgical
stapler in accordance with various embodiments of the present invention.

[0061] FIG. 26 is a side view of an actuator of a staple and transector receptacle of a surgical
stapler in accordance with various embodiments of the present invention.

[0062] FIG. 27 is a perspective view of an actuator of a staple and transector receptacle of a
surgical stapler in accordance with various embodiments of the present invention.

[0063] FIG. 28 is a side view of an actuator of a staple and transector receptacle of a surgical
stapler in accordance with various embodiments of the present invention.

[0064] FIG. 29 is a side view of an actuator of a staple and transector receptacle of a surgical
stapler in accordance with various embodiments of the present invention.

[0065] FIG. 30 is a perspective view of an actuator of a staple and transector receptacle of a
surgical stapler in accordance with various embodiments of the present invention.

[0066] FIG. 31 is a side view of an actuator of a staple and transector receptacle of a surgical
stapler in accordance with various embodiments of the present invention.

[0067] FIG. 32 is a side view of an actuator of a staple and transector receptacle of a surgical
stapler in accordance with various embodiments of the present invention.

[0068] FIG. 33 is a perspective view of an actuator of a staple and transector receptacle of a
surgical stapler in accordance with various embodiments of the present invention.

[0069] FIG. 34 is a side view of an actuator of a staple and transector receptacle of a surgical
stapler in accordance with various embodiments of the present invention.

[0070] FIG. 35 is a side view of an actuator of a staple and transector receptacle of a surgical
stapler in accordance with various embodiments of the present invention.

[0071] FIG. 36 is a perspective view of an actuator of a staple and transector receptacle of a
surgical stapler in accordance with various embodiments of the present invention.

[0072] FIG. 37 is a side view of an actuator of a staple and transector receptacle of a surgical
stapler in accordance with various embodiments of the present invention.

[0073] FIG. 38 is a side view of an actuator of a staple and transector receptacle of a surgical
stapler in accordance with various embodiments of the present invention.

[0074] FIG. 39 is a perspective view of an actuator of a staple and transector receptacle of a

surgical stapler in accordance with various embodiments of the present invention.
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[0075] FIG. 40 is a side view of an actuator of a staple and transector receptacle of a surgical
stapler in accordance with various embodiments of the present invention.

[0076] FIG. 41 is a side view of an actuator of a staple and transector receptacle of a surgical
stapler in accordance with various embodiments of the present invention.

[0077] FIG. 42 is a perspective view of an actuator of a surgical stapler in accordance with
various embodiments of the present invention.

[0078] FIG. 43 is a side view of an actuator of a surgical stapler in accordance with various
embodiments of the present invention.

[0079] FIG. 44 is a side view of an actuator of a surgical stapler in accordance with various
embodiments of the present invention.

[0080] FIG. 45A is a perspective view of a staple and transector receptacle of a surgical stapler
in accordance with various embodiments of the present invention.

[0081] FIG. 45B is perspective view of an actuator of a surgical stapler in accordance with
various embodiments of the present invention.

[0082] FIG. 45C is perspective view of a staple and transector receptacle of a surgical stapler
in accordance with various embodiments of the present invention.

[0083] FIG. 45D is a perspective view of an actuator of a surgical stapler in accordance with
various embodiments of the present invention.

[0084] FIG. 46 is a perspective view of an actuator of a surgical stapler in accordance with
various embodiments of the present invention.

[0085] FIG. 47 is a perspective view of an actuator of a surgical stapler in accordance with
various embodiments of the present invention.

[0086] FIG. 48 is an exploded view of an actuator of a surgical stapler in accordance with
various embodiments of the present invention.

[0087] FIG. 49 is a side view of portions of an actuator of a surgical stapler in accordance with
various embodiments of the present invention.

[0088] FIG. 50A is a side cross-sectional view of portions of a staple and transector receptacle
of a surgical stapler in accordance with various embodiments of the present invention.

[0089] FIG. 50B is a side cross-sectional view of portions of a staple and transector receptacle

of a surgical stapler in accordance with various embodiments of the present invention.
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[0090] FIG. 51A is a side cross-sectional view of portions of a staple and transector receptacle
of a surgical stapler in accordance with various embodiments of the present invention.

[0091] FIG. 51B is a side cross-sectional view of portions of a staple and transector receptacle
of a surgical stapler in accordance with various embodiments of the present invention.

[0092] FIG. 51C is a side cross-sectional view of portions of a staple and transector receptacle
of a surgical stapler in accordance with various embodiments of the present invention.

[0093] FIG. 52A is a side cross-sectional view of portions of a staple and transector receptacle
of a surgical stapler in accordance with various embodiments of the present invention.

[0094] FIG. 52B is a side cross-sectional view of portions of a staple and transector receptacle
of a surgical stapler in accordance with various embodiments of the present invention.

[0095] FIG. 53A is a side view of staple in accordance with various embodiments of the
present invention.

[0096] FIG. 53B is a side view of staple in accordance with various embodiments of the
present invention.

[0097] FIG. 54 is a front cross-sectional view of portions of a staple and transector receptacle
of a surgical stapler in accordance with various embodiments of the present invention.

[0098] FIG. 55A is side view of a staple and transector receptacle of a surgical stapler in
accordance with various embodiments of the present invention.

[0099] FIG. 55B is a side view of a staple and transector receptacle of a surgical stapler in
accordance with various embodiments of the present invention.

[00100] FIG. 56A is a side view of a staple in accordance with various embodiments of the
present invention.

[00101] FIG. 56B is a side view of a staple in accordance with various embodiments of the
present invention.

[00102] FIG. 56C is a side view of a staple in accordance with various embodiments of the
present invention.

[00103] FIG. 57A is a perspective view of portions of a staple and transector receptacle of a
surgical stapler in accordance with various embodiments of the present invention.

[00104] FIG. 57B is a perspective view of portions of a staple and transector receptacle of a

surgical stapler in accordance with various embodiments of the present invention.
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[00105] FIG. 58A is a perspective view of portions of a staple and transector receptacle of a
surgical stapler in accordance with various embodiments of the present invention.

[00106] FIG. 58B is a perspective view of portions of a staple and transector receptacle of a
surgical stapler in accordance with various embodiments of the present invention.

[00107] FIG. 59A is front cross-sectional view of portions of a staple and transector receptacle
of a surgical stapler in accordance with various embodiments of the present invention.

[00108] FIG. 59B is front cross-sectional view of portions of a staple and transector receptacle
of a surgical stapler in accordance with various embodiments of the present invention.

[00109] FIG. 60 is an exploded view of portions of a staple and transector receptacle of a
surgical stapler in accordance with various embodiments of the present invention.

[00110] FIG. 61A is side cross-sectional view of portions of a staple and transector receptacle of
a surgical stapler in accordance with various embodiments of the present invention.

[00111] FIG. 61B is a side view of a staple and transector receptacle of a surgical stapler in
accordance with various embodiments of the present invention.

[00112] FIG. 62A is a bottom perspective view of a staple and transector receptacle of a
surgical stapler in accordance with various embodiments of the present invention.

[00113] FIG. 62B is a perspective view of a staple and transector receptacle of a surgical stapler
in accordance with various embodiments of the present invention.

[00114] FIG. 63A is a side cross-sectional view of a staple and transector receptacle of a
surgical stapler in accordance with various embodiments of the present invention.

[00115] FIG. 63B is a side cross-sectional view of a staple and transector receptacle of a
surgical stapler in accordance with various embodiments of the present invention.

[00116] FIG. 64A is a perspective view of a staple and transector receptacle of a surgical stapler
in accordance with various embodiments of the present invention.

[00117] FIG. 64B is a perspective view of a staple and transector receptacle of a surgical stapler
in accordance with various embodiments of the present invention.

[00118] FIG. 65A is a perspective view of a portion of a staple and transector receptacle of a
surgical stapler in accordance with various embodiments of the present invention.

[00119] FIG. 65B is a perspective view of a portion of a staple and transector receptacle of a

surgical stapler in accordance with various embodiments of the present invention.
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[00120] FIG. 66A is a side view of a portion of a staple and transector receptacle of a surgical
stapler in accordance with various embodiments of the present invention.

[00121] FIG. 66B is a side view of a portion of a staple and transector receptacle of a surgical
stapler in accordance with various embodiments of the present invention.

[00122] FIG. 67A is a side view of a portion of a staple and transector receptacle of a surgical
stapler in accordance with various embodiments of the present invention.

[00123] FIG. 67B is a side view of a portion of a staple and transector receptacle of a surgical
stapler in accordance with various embodiments of the present invention.

[00124] FIG. 68A is a side cross-sectional view of a staple and transector receptacle of a
surgical stapler in accordance with various embodiments of the present invention.

[00125] FIG. 68B is a bottom perspective view of a staple and transector receptacle of a surgical
stapler in accordance with various embodiments of the present invention.

[00126] FIG. 69A is a bottom perspective view of portions of a staple and transector receptacle
of a surgical stapler in accordance with various embodiments of the present invention.

[00127] FIG. 69B is a bottom perspective view of portions of a staple and transector receptacle
of a surgical stapler in accordance with various embodiments of the present invention.

[00128] FIG. 70A is a side cross-sectional view of a staple and transector receptacle of a
surgical stapler in accordance with various embodiments of the present invention.

[00129] FIG. 70B is a side cross-sectional view of a staple and transector receptacle of a
surgical stapler in accordance with various embodiments of the present invention.

[00130] FIG. 71 is a side cross-sectional view of a staple and transector receptacle of a surgical
stapler in accordance with various embodiments of the present invention.

[00131] FIG. 72A is a side view of portions of a staple and transector receptacle of a surgical
stapler in accordance with various embodiments of the present invention.

[00132] FIG. 72B is a side view of portions of a staple and transector receptacle of a surgical
stapler in accordance with various embodiments of the present invention.

[00133] FIG. 73 is a side view of portions of a staple and transector receptacle of a surgical
stapler in accordance with various embodiments of the present invention.

[00134] FIG. 74 is a side view of portions of a staple and transector receptacle of a surgical

stapler in accordance with various embodiments of the present invention.
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[00135] FIG. 75A is a front view of portions of a staple and transector receptacle of a surgical
stapler in accordance with various embodiments of the present invention.

[00136] FIG. 75B is a side view of portions of a staple and transector receptacle of a surgical
stapler in accordance with various embodiments of the present invention.

[00137] FIG. 75C is a front view of portions of a staple and transector receptacle of a surgical
stapler in accordance with various embodiments of the present invention.

[00138] FIG. 75D is a side view of portions of a staple and transector receptacle of a surgical
stapler in accordance with various embodiments of the present invention.

[00139] FIG. 76 is a front cross-sectional view of a staple and transector receptacle of a surgical
stapler in accordance with various embodiments of the present invention.

[00140] FIG. 77A is a side view of a staple and transector receptacle of a surgical stapler in
accordance with various embodiments of the present invention.

[00141] FIG. 77B is a side view of a staple and transector receptacle of a surgical stapler in
accordance with various embodiments of the present invention.

[00142] FIG. 78A is a side view of a staple and transector receptacle of a surgical stapler in
accordance with various embodiments of the present invention.

[00143] FIG. 78B is a side view of a staple and transector receptacle of a surgical stapler in
accordance with various embodiments of the present invention.

[00144] FIG. 79A is a top view of a staple and transector receptacle of a surgical stapler in
accordance with various embodiments of the present invention.

[00145] FIG. 79B is a side view of a staple and transector receptacle of a surgical stapler in
accordance with various embodiments of the present invention.

[00146] FIG. 79C is a side view of a staple and transector receptacle of a surgical stapler in

accordance with various embodiments of the present invention.

Detailed Description

[00147] In accordance with various embodiments surgical staplers are provided. The stapler in
various embodiments includes a one-way vertically adjustable staple cartridge. The stapler also
includes one jaw to hold the staple cartridge and a second jaw to hold an anvil. The jaws and
shaft are dimensioned to fit through a cannula delimiting at most an inner diameter of 12mm.

The shaft is positioned between the jaws and an actuator. The actuator allows a user, ¢.g., a
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surgeon, to manipulate a handle, lever, switch or other operationally accessible actuators to open
and close the jaws to grasp tissue, articulate the jaws from side to side, fire the staples out the
staple cartridge and into the grasped tissue and cut tissue between the jaws. The vertically
adjustable staple cartridge is automatic utilizing no-user interaction and applies a vertical
uniform compression force towards and on tissue against the anvil after the jaws are closed. In
one embodiment, the vertically adjustable mechanism is only activated after the jaws are closed,
the firing mechanism enabled and firing commenced without the ability to un-fire or stop firing.
This prevents unwanted tissue compression or trauma.

[00148] The vertically adjustable mechanism drives the staple cartridge only vertically towards
the anvil no side to side or wobbling is permitted. Additionally, in various embodiments, the
staple cartridge is movable only towards the tissue and anvil and not away from the tissue or
anvil. As such, once the vertically adjustable mechanism is activated, the stapler cartridge is
movable in only one direction.

[00149] Referring to FIGS. 1-79, in accordance with various embodiments, a surgical stapler is
provided. In the various illustrated embodiments, the surgical stapler includes an actuator 2
removably connected to a staple and transector receptacle (STR) 10. The STR includes an upper
movable jaw 11 and a lower stationary jaw 12 at a distal end of an elongate shaft 14. The upper
jaw 11 is configured to include an anvil 9 and the lower jaw is configured to include a staple
cartridge 5. At a proximal end of the elongate shaft 14 is an actuator interface 15. The actuator
interface connects and disconnects the STR 10 from the actuator 2. The actuator 2 includes a
rotator 16 that when rotated by a user rotates the clongate shaft 14 and thus the jaws 11, 12. The
actuator 2 also includes a trigger or movable handle 21 connected to a stationary handle or
handle base 22. In one embodiment, the handle base includes two halves that mate together to
form the handle base 22. The trigger 21, under specific conditions to be described in greater
detail below, when manipulated by a user causes the closing and opening of jaws 11, 12, firing of
staples, translating a blade and a vertical adjustment of a staple cartridge. In one embodiment,
the upper and lower jaws both move relative to each other and in one embodiment the lower jaw
moves while the upper jaw remains stationary.

[00150] The upper jaw 11 includes an anvil 9 for forming a plurality of staples 6 sequentially
¢jected from a staple cartridge 5. The upper jaw 11 is pivotably coupled to upper outer cover 91

that is connected to a lower outer cover 92. The upper jaw 11 includes jaw springs 93 biasing
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the upper jaw to an open or spaced condition. The lower outer cover 92 is connected to a
retainer 121. The retainer 121 holds a rampway 80 affixed to the retainer and including a
plurality of ramps 81. The retainer 121 also houses a movable cartridge platform or lift 82
including a plurality of ramps 83 that correspondingly mate with the plurality of ramps 81 of the
rampway 80. The staple cartridge 5 sits upon the cartridge lift 82. When the cartridge lift 82 is
moved longitudinally and proximally (e.g., as illustrated by arrow H), the ramps 83 of the
cartridge lift 82 slide on the ramps 81 of the rampway 80 which moves the cartridge 5 vertically
(c.g., as illustrated by arrow V) or in a direction traverse to (e.g., perpendicular to) the
longitudinal axis 1 of the STR 10.

[00151] The staple cartridge 5 includes a plurality of staples 6 and a corresponding set of staple
pushers 7 situated in a plurality of staple pockets. Through interaction of a set of fins 171 on a
slider 17 with the staple pushers, the staples are fired or ¢jected from the staple cartridge 5.
Staples within the cartridge 5 are thus fired through the longitudinal movement of the slider that
interacts with staple pushers within staple pockets of the cartridge. Fired staples penetrate tissue
clamped between the jaws 11, 12 and are formed against anvil pockets on the anvil 9. The slider
17 is operatively connected to an actuation beam 18. The actuation beam 18 includes a blade 19
and is connected to an actuation slide 180. In one embodiment, the actuation slide 180 includes
a proximate actuation slide 181 coupled to a distal actuation slide 182. The distal actuation slide
182 is perpendicular to the proximate actuation slide 181 with both slides extending parallel to
the longitudinal axis 1 of the STR 10. In the illustrated embodiment, the intersection of the
proximal and distal actuation slides in cross-section forms a cross.

[00152] The actuation beam 18 has an upper guide or roof 183 that is configured to move within
a longitudinal slot or channel in the upper jaw 11 and a lower guide or floor 184 that is
configured to move within a longitudinal slot or channel in the lower jaw 12. Likewise, the
staple cartridge 5, cartridge lift 82 and the retainer 121 includes a longitudinal channel through
which the lower guide 184 moves therethrough. The upper and lower guides of the actuation
beam ensure parallel jaw alignment and compression of the closing of the jaws 11, 12.

[00153] The actuation slides 181, 182 are surrounded by an actuation cover tube 185 that
includes an opening 186 through which a STR reuse lockout 41 is biased by a leaf spring 42
through the opening 186 in the actuation cover tube 185. The actuation cover tube includes slots

or guides to ensure alignment and translational movement of the actuation slides 181, 182.
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[00154] An outer tube 94 surrounds the actuation cover tube 185 and is connected to actuator
interface 15 with a pair of opposing protrusions on opposing sides of the interface for a
removable connection to the STR coupler 151. A coupler spring 152 is positioned between the
rotator and STR coupler to bias the rotator in the distal direction such that movement of the
rotator in the proximal direction compresses the spring and exposes the coupler 151 and the
connection thereto for removably connecting with actuator interface 15. Extending parallel to
the actuation cover tube 185 and the actuation slides 181, 182 is an articulation beam 51. The
articulation beam 51 includes a proximal end that is connected to the upper and lower outer
covers 91, 92 and in one embodiment sits and rides within slots of the actuation cover tube 185.
[00155] The actuator 2 is operably coupled to the removably coupled STR 10 and actuates the
jaws 11, 12 from an open-close configuration to a one-way automatic self-adjusting stapling or
forward configuration to a reverse configuration through the driving or manipulation of the
actuation beam 18 forward or backwards (distally or proximally). Figures 17-46 in particular
illustrate the actuator 2 including the inner workings thereto in various states of operation in
accordance with various embodiments. For example, FIGS. 17A-B illustrate the stapler with its
jaws in an open or initial configuration and FIGS. 17C-D illustrate the stapler with its jaws in a
closed yet unfired or non-firing configuration.

[00156] In an initial position of the stapler, the actuation beam 18 is positioned at the most
proximal position of its travel and the jaws 11, 12 are in an open configuration or position. The
actuation beam engages the upper jaw 11 upon translation of the actuation beam distally along
the longitudinal axis 1 of the clongate shaft 14. Translation of the actuation beam distally from
the initial position a first predefined longitudinal distance (e.g., .225”’) can actuate the jaws from
an open position to a closed position. With the jaws in the closed configuration, the actuation
beam can be returned proximally, as influenced by the jaw springs biasing the jaws open,
traveling the same first distance to return the jaws to the open position. The trigger 21 of the
actuator 2 is operatively coupled to the actuation beam such that as the trigger is squeezed, the
jaws close, and as the trigger is pushed open or in one embodiment released, the jaws open. In
one embodiment, the trigger 21 is connected to a forward distal pivot pawl 25 with a tip or tooth
engageable with a groove or cut-out 71 in an actuation rod 62 operatively connected to the
actuation beam 18. The engagement of the forward distal pivot pawl with the groove 71 in the

actuation rod assists in moving the actuation rod in the distal direction as the trigger is pivoted
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towards the handle base. Such movement of the actuation rod in the distal direction moves the
actuation beam 18 in the distal direction causing the jaws to close.

[00157] Likewise, in one embodiment, the trigger 21 is connected to a forward proximal pivot
pawl 28 with a tip or tooth engageable with a groove or cut-out 72 in an actuation rod 62
operatively connected to the actuation beam 18. The engagement of the forward proximal pivot
pawl with the groove 72 in the actuation rod assists in moving the actuation rod in the proximal
direction as the trigger is pivoted away from the handle base or released. Such movement of the
actuation rod in the proximal direction allows the jaws to open. The trigger 21 is biased by a
spring causing the trigger to be biased back to an initial or open position with the trigger pivoted
away from the handle base. The forward distal pivot pawl 25 and the forward proximal pivot
pawl 28 are pivotable connected to the trigger 21 and in one embodiment form or resemble a “V”’
with the distal pivot pawl 25 extending in a direction that is opposite to that of the proximal pivot
pawl 28. The groove or cut-out 71 operatively engageable with the distal pivot pawl 25 is near
the distal end of the actuation rod and is distal from the groove 72 that is operatively engageable
with the proximal pivot pawl 28. The open-close operation can be repeated multiple times as
desired by the user to for example grasp or dissect tissue for a given surgical procedure.

[00158] In various embodiments, a STR recognition barrel 31 prevents activation or movement
of the firing operation unless a STR 10 is attached to the actuator 2. Movement or articulation of
the trigger 21 of the actuator 2 however is not prevented. Allowing movement of the actuator
can assist in packaging and testing of the actuator. Additionally, this allows the attachment of
other front-end actuation units that may require grasping and/or articulation with or without the
ability or use for firing staples and thereby increasing the versatility of the actuator 2. In various
embodiments, attaching a STR moves the recognition barrel 31 proximally which in turn
compresses a STR recognition barrel spring 32 coupled to the recognition barrel. The spring 32
biases the recognition barrel distally and in one embodiment is coupled and captured between the
outer surface of an articulation barrel 55 and the inner surface of the recognition barrel
surrounding the spring 32. The recognition barrel, spring and articulation barrel are coaxially
aligned. Movement of the recognition barrel moves a fire connector arm 33 connected to the
barrel. In one embodiment, the connector arm 33 has a distal end affixed to a proximal end of
the recognition barrel with a notch in the distal end of the connector arm 33 engaged with a

peripheral flange around the proximal end of the recognition barrel. The proximal end of the
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connector arm 33 has a flange that is slidably coupled to an arming hub 61 through a notch or
slot disposed in the arming hub. With the flange of the connector arm 33 disposed in the slot of
the arming hub 61, rotational movement of the arming hub 61 is prevented. As will be described
in greater detail below, rotational movement of the arming hub 61 rotates an actuation rod 62
allowing the interaction of the rod and trigger to fire the staples or open/close the jaws.

[00159] The arming hub 61 is also connected to a firing button 60 that allows a user to set the
stapler in a firing mode or a reverse mode with each activation of the button rotating the rod into
the respective operational position for the corresponding operation. As such, the connector arm
33 disposed in the slot of the arming hub 61 prevents rotation movement of the arming hub that
also prevents activation of the fire button and thus prevents changing of the operation of the
stapler. As a STR is attached to the actuator, full operation of the handle assembly is restored or
allowed to proceed. In one embodiment, a bifurcated actuation rod, ¢.g., a proximal actuation
rod 63 and a distal actuation rod 64, allows rotational movement by the user via the rotator 16
without effecting operation of the stapler.

[00160] The distal end of the actuation rod 62 is removably coupled to the actuation slide of the
STR. In one embodiment, the distal end of the actuation rod includes a slot configuration
arranged to receive corresponding mating flanges on the actuation slide to twist and lock into a
removable mating connection of the actuation rod to the actuation slide 180. As such, translation
movement of the actuation rod also translates the actuation slide.

[00161] Once the jaws 11, 12 are fully closed by squeezing the trigger, the user can push the
forward or fire button 60 on the actuator to change the mode of the handle to the forward
configuration where the firing and self-adjusting mechanisms are activated.

[00162] As previously described, in one embodiment, the fire button 60 cannot be actuated until
a STR is attached. In one embodiment, the fire button 60 also cannot be actuated until the
actuation rod has traveled the predefined first distance distally. In accordance with various
embodiments and as shown for example in FIGS. 27-29, once trigger 21 is released with the STR
attached and the jaws fully closed, the jaws cannot be opened again until the staples are fired.
[00163] Once in the fire activation configuration, actuation of the trigger drives the actuation
beam distally (i.e., only in one direction). In one embodiment, the first squeeze of the trigger
also activates the self-adjusting height mechanism to resize the gap between the jaws. In one

embodiment, the cartridge lift 82 in the lower jaw 12 will activate causing the cartridge to lift up
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or move only vertically and self-adjust to the tissue in the jaws. In one embodiment, at this time,
an STR reuse lock 41 will also be activated. This STR reuse lock 41 ensures that the STR is
only placed into the fire mode once, to prevent the user from inadvertently attempting to fire a
previously used STR. Once the STR returns to the open-closed or initial position, the STR reuse
lock 41 prevents the STR from firing again. Further actuation of the trigger will drive the
actuation beam further forward sequentially ejecting staples and transecting the tissue grasped
between the closed jaws.

[00164] In one embodiment, the slider 17 has one or more inclined fins 171 and is movable
longitudinally to sequentially contact staple pushers 7 to eject the staples 6 in the staple cartridge
5. An actuation beam 18 movable longitudinally moves the slider distally and longitudinally.
The slider in one embodiment is not connected and does not include keys, hooks or cavities to
attach to the actuation beam. As such, the slider can only move longitudinally distally and is not
able to return or move back or towards its proximal or initial position by movement of the
actuation beam. The actuation beam 18 however can move back or towards its proximal or
initial position. As such, in one embodiment, this allows the pushers 7 to fall back within the
staple cartridge after being partially ejected or moved vertically by the longitudinal movement of
the slider. This movement back into the cartridge reduces potential trauma to tissue, potential
sticking to the staple or tissue and thus an overall smoother surface of the staple cartridge for
removal of the tissue from between the jaws.

[00165] Additionally, the simultaneous allowance or lack of restriction of the actuation beam to
move back or towards its proximal or initial position and then back provides further cutting of
tissue or passes to cut tissue if desired or needed in such embodiments in which a cutting blade
19 is incorporated or attached to actuation beam 18. The actuation beam includes an upstanding
edge with top and bottom perpendicular edges forming or incorporating the upper guide 183 and
the lower guide 184. The upstanding edge travels within a longitudinal slot or channel extending
through the staple cartridge and between the staple and staple pushers. The cutting blade is
incorporated or attached to the upstanding edge of the actuation beam to cut tissue between jaws.
The blade and upstanding edge of the actuation beam in one embodiment thus travels through a
longitudinal channel within the staple cartridge, the anvil or both. The top and bottom
perpendicular edges ride along outer surfaces of the jaws and ensure a fixed gap height, i.c., the

distance between the top and bottom edges, and localized and compressive forces against the
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tissue. The top perpendicular edge or upper guide compresses the anvil and tissue vertically
down towards and against the staple cartridge and the other jaw and the bottom perpendicular
edge or lower guide compresses the staple cartridge and tissue vertically up towards and against
the anvil and opposing jaw. The compression forces are localized to where the edges are
positioned on the outer surfaces of the jaw during the actuation or firing stroke of the actuation
beam.

[00166] When the fire button 60 is engaged, as shown for example in FIGS. 30-32, the arming
hub 61 rotates as the button translates in a direction perpendicular to the longitudinal axis 1. The
arming hub 61 in one embodiment rotates in one direction, e.g., counter-clockwise, as the button
translates in a linear direction and rotates in the opposite direction, e.g., clockwise, as the button
translates in the opposite linear direction. The actuation rod 62 (and/or as illustrated proximal
actuation rod 63) connected to the arming hub 61 also rotates clockwise as the arming hub
rotates. Likewise, the actuation rod rotates counter-clockwise as the arming hub rotates in the
same direction.

[00167] The arming hub 61 is circular in shape with a center opening through which the
actuation rod extends there through. The outer portion of the arming hub has a slot or groove
that operationally connects to a connecting arm. Along another portion of the outer portion are a
series of teeth that operationally connects to or mates with a similar series of teeth of the firing
button 60. The inner portion of arming hub has a protrusion or nub extending towards the center
opening and mates with a longitudinal slot in the actuation rod.

[00168] With the fire or forward button engaged and the actuation rod rotated, a tip or tooth of
the proximal pivot pawl 28 and distal pivot pawl 25 now operationally engage with a series of
teeth 73 longitudinally disposed along the actuation rod 62 (and/or as illustrated proximal
actuation rod 63). The trigger 21 when pivoted causes the proximal pivot pawl 28 and the distal
pivot pawl 25 to translate distally along or relative to the actuation rod. Once the proximal pivot
pawl 28 engages a tooth of the teeth 73 in or on the actuation rod, the actuation rod moves or
translates distally as the trigger continues to pivot. Releasing of the trigger or moving it away
from the handle base 22 causes the proximal pivot pawl 28 and the distal pivot pawl 25 to move
back proximally along or relative to the actuation rod. However, the tip or tooth of the proximal
pivot pawl 28 and distal pivot pawl 25 now operationally engage with a more proximal portion

of the series of teeth 73 longitudinally disposed along the actuation rod 62. The distal pivot pawl
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25 engaging a tooth of the series of teeth 73 prevents proximal movement of the actuation rod,
the actuation slides and the opening of the jaws. The proximal pivot pawl engaging a tooth of
the series of teeth 73 allows further distal movement of the actuation rod, the actuation slide, the
actuation beam, continued firing of the staples and cutting of tissue between the jaws. As such,
multiple strokes or squeezing and releasing of the trigger may be performed to fully move the
proximal and distal pivot pawl to completely eject the staples and cut the tissue between the
jaws. In one embodiment, only a single stroke is utilized to ¢ject the staples and cut the tissue
between the jaws. The actuator at its end of travel or complete firing of the staples is shown for
example in FIGS. 33-35 and 45C-45D.

[00169] In accordance with various embodiments, the trigger 21 is coupled to an intermediate
action gear 23 and a trigger action gear 24. The trigger action gear 24 in the illustrated
embodiment has a center opening through which a pivot protrusion of the movable handle
extends there through. The trigger action gear includes a series of teeth engaged or connected to
a set of two sets of teeth on the intermediate action gear. Pivoting the trigger 21 rotates the
trigger action gear that correspondingly rotates the intermediate action gear 23. In particular,
squeezing the trigger 21 causes the trigger action gear 24 to rotate in one direction, e.g., counter-
clockwise, that in turn causes the intermediate action gear 23 to rotate in the opposite direction,
e.g., clockwise. The other set of teeth of the two sets of tecth of the intermediate action gear
engage with teeth on a movable rack 27 and thereby moves the rack proximally. The movable
rack in one embodiment is positioned parallel to the actuation rod. Moving the rack proximally
also moves or translates a reverse pawl 26 proximally. In the firing configuration and during the
firing of the staples, the tip of the reverse pawl sits and slides against an outer surface or slot in
or on the actuation rod 62 (and/or as illustrated proximal actuation rod 63). As such, the rack is
movable distally and proximally based on the actuation or pivoting of the trigger.

[00170] In one embodiment, when the tip of the reverse pawl 26 moves to a proximal or
proximal most position it engages a wall in the slot of the actuation rod or a tooth along the
actuation rod 62. The wall or tooth of the actuation rod 62 acts as a hard or additional stop
preventing further distal movement of the actuation rod.

[00171] The rack 27 is disposed in a slot or channel in the handle base 22 and in one
embodiment the rack 27 when moved to a proximal or proximal most position engages a wall or

proximal end of the slot that prevents further proximal movement of the rack 27 and thus resists
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further rotation of the intermediate action gear 23 that resists further rotation of the trigger action
gear 24 and thereby prevents further squeezing or closing of the trigger 21. Likewise, in one
embodiment, the rack 27 when moved to a distal or distal most position it engages a wall or
distal end of the slot that prevents further distal movement of the rack 27 and thus resists further
rotation of the intermediate action gear 23 that resists further rotation of the trigger action gear
24 and thereby prevents further opening of the trigger 21 or movement of the trigger away from
the handle base.

[00172] Accordingly, actuation of the trigger towards the handle base 22 rotates the
intermediate action gear 23 in one direction, e.g., clockwise, which translates the rack 27
proximally and actuation of the trigger away from the handle base rotates the intermediate action
gear in an opposite direction, e.g., counter-clockwise, which translates the rack distally. The
reverse pawl 26 pivotable connected to a distal end of the movable rack 27 slides proximally and
distally as the rack translates proximally and distally.

[00173] In accordance with various embodiments, the surgical stapler provides a one-way
automatic vertical adjustment of the staple cartridge 5. The cartridge 5 is moved vertically
within lower jaw 12 and, in one embodiment, the cartridge is movable vertically relative to a
retainer 121 of the lower jaw 12. The cartridge in the lower jaw is movable vertically (e.g., as
illustrated by arrow V) towards the anvil through the interaction of ramps 83 located on a bottom
surface of a cartridge lift 82 with ramps 81 located on a rampway 80. The cartridge sits on an
upper surface of the cartridge lift 82. The upper surface of the cartridge lift 82 is generally flat
and/or devoid of any ramps. In one embodiment, the cartridge lift includes guides or ridges
along the sides of the cartridge lift to ensure proper seating or assembly of the cartridge on the
upper surface of the cartridge lift. The cartridge lift in one embodiment also includes a channel
or slot there through to accommodate the blade and/or the upstanding edge of the actuation beam
movable longitudinally there through. The cartridge in the illustrated embodiment is arranged to
move only in one direction, vertically (e.g., as illustrated by arrow V). The cartridge lift is also
positioned between the cartridge and the rampway. The rampway remains stationary and is not
movable while the cartridge is movable in one direction, vertically, and away from the rampway.
When the cartridge lift is moved longitudinally and proximally (e.g., as illustrated by arrow H),
the ramps 83 of the cartridge lift slide along the ramps 81 of the rampway 80, which remains

fixed within the lower jaw 12, and thereby raises the cartridge 5 vertically. As such, the surgical
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stapler includes a series of ramps to lift the cartridge vertically and allow for the adjustment of
the formed staple heights to a plurality of intermediate points between upper and lower staple
height and gap limits and along a slope of the ramps.

[00174] The cartridge lift 82 in one embodiment is also biased in the proximal longitudinal
direction. Such biasing in one embodiment only occurs once the height adjustment mechanism
has been activated or firing operation has been commenced, ¢.g., the actuation slide has traveled
past a first predefined distance. In one particular embodiment, the cartridge lift 82 is biased or
tensioned by a cartridge lift spring 87 pulling the cartridge lift in the proximal direction along or
aligned with the longitudinal axis. The biased lift provides an active vertical force against the
cartridge 5 forcing it against the tissue held between the jaws 11, 12.

[00175] In a further embodiment, initially, the spring 87 or tension mechanism is locked or
inactivate and thus does not provide any tension or force pulling the cartridge lift in the proximal
direction. As such, when inactive, the cartridge 5 and the associated cartridge lift 82 remains at
its initial or lowest vertical position.

[00176] The cartridge lift 82 is biased or pulled in the proximal direction (e.g., as illustrated by
arrow H) by the spring 87 when the lift is unlocked or the spring is released. Once unlocked, the
cartridge lift is pulled or tensioned proximally and thus resists movement distally back to its
original or initial position or simply cannot move freely distally. Likewise, the cartridge 5 is
lifted vertically from its initial or lowest position. The amount or distance the cartridge travels
vertically is based on the force applied by the spring, the amount of tissue between the jaws and
the clamping or compression force applied by the jaws closed over the tissue. In accordance
with various embodiments, the cartridge applies a uniform one-way constant vertical force as
biased by the force applied by the spring. The cartridge lift and/or lift bias or spring (e.g., spring
87) in various embodiments is blocked by lift lock and in various embodiments the lift lock is
not user accessible. Once the lift lock is displaced, the cartridge lift is pulled or tensioned and
thus resists is unable to move back to its original or initial position.

[00177] In the illustrated embodiment, the cartridge lift 82 is connected to a cartridge lift beam
84 that is connected to a cartridge lift barrel 85. In one embodiment, the proximal end of the
cartridge lift includes an opening for receiving a pin and a slot for receiving a flange connected
to or extending from the distal end of the cartridge lift beam 84. The proximal end of the lift
beam is connected, ¢.g., welded or riveted, to the distal end of the lift barrel 85. The lift barrel
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has a central opening and is disposed around or surrounds the actuation cover tube 185. The lift
barrel is thus coaxial with the actuation cover tube 185, the actuation slide 180, the actuation rod
62 and the lift beam 84 and is likewise parallel to the actuation slide 180 and the actuation rod
62. The lift barrel is biased in the proximal direction (e.g., as illustrated by arrow H) by a
cartridge lift spring 87. The cartridge lift spring also surrounds the actuation cover tube 185 and
is positioned aligned and between the upper and lower outer covers 91, 92 and the lift barrel 85.
In the illustrated embodiment, a cartridge lift spacer 86 is placed between the spring and the lift
barrel (e.g., after/behind the spring) or in one embodiment between the upper and lower outer
covers and the spring (e.g., before/in front of the spring) to accommodate tolerances in assembly
or sizing of the spring and thus strength of the spring to ensure the appropriate compression force
is applied for a given tissue grasped between the jaws. The lift barrel 85 remains blocked or is
prevented from moving proximally until or just before the staples can be fired or the stapler is in
a firing configuration or position. The lift barrel 85 in various embodiments is blocked by lift
lock and in various embodiments the lift lock is not user accessible. In various embodiments, the
lift lock is a reload or STR reuse lockout. In various embodiments, the STR reuse lockout 41 is
biased to be aligned with the lift barrel 85 and thus in contact with the lift barrel to prevent
longitudinal proximal movement of the lift barrel. Once the STR reuse lockout is misaligned or
moved out of contact with the lift barrel, the lift spring 87 biases the lift barrel proximally. In
various embodiments, the lift lock or the STR reuse lockout is in contact or coupled to the
actuation slide and thus becomes misaligned once the actuation slide starts the firing operation or
just before the staples can be fired or is ready to be fired.

[00178] In one embodiment, the lift barrel also slides over the STR reuse lockout preventing the
alignment of the STR reuse lockout with the lift barrel. As such, once the lift barrel is activated,
the lift barrel cannot be locked again or returned to its initial or proximal position. Likewise, the
cartridge lift connected to the lift barrel by the lift beam cannot return to its initial or proximal
position. Also, the cartridge lift under the influence of the spring and barrel movement, moves
longitudinally and proximally (e.g., as illustrated by arrow H). The interaction of the ramps of
the cartridge lift and ramps of the rampway as the cartridge lift moves proximally causes the
cartridge lift to move the staple cartridge 5 uniformly vertically (e.g., as illustrated by arrow V).
In accordance with various embodiments, slots or channels interacting with corresponding

protrusions or detents on the cartridge, the retainer or both ensure or assist in a uniform and
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singular vertical movement of the cartridge. The interaction of the ramps and biasing of the lift
barrel also act as an integrated height lockout for the staple cartridge allowing the stapler to fire
at the adjusted staple height without being able to be forced back open or to a previous position.
[00179] The adjustment of the cartridge height occurs while the jaws are closed on a piece of
tissue and is made automatically by the stapler. The surgeon/user does not choose the staple
height or staple size. As such, staple height is set automatically by stapler based on thickness of
tissue and the resistance it provides. The adjustment of the cartridge height also produces a
movement of the cartridge with respect of the anvil while the top and bottom surfaces are
parallel. During the adjustment, the top and bottom surfaces remain parallel and the surfaces
remain parallel once the movement is complete.

[00180] As shown in FIG. 50A, a distal end of a STR reuse lockout 41 initially sits on a top
outer surface of actuation slide 180 or in one embodiment, the proximate actuation slide 181. In
one embodiment, a proximal end of the STR reuse lockout is connected to the actuation cover
tube 185. A leaf spring sits on top of the STR reuse lockout and is coupled to the cover tube.
The leaf spring biases or pivots the distal end of the STR reuse lockout against or down on the
actuation slide. Referring now also to FIG. 51B, as the jaws are opened and closed, the distal
end of the STR reuse lockout will remain on the top outer surface of the actuation slide and
riding longitudinally proximally and distally as the slide moves and the jaws are opened and
closed.

[00181] Once firing of the staples is initiated or activated, the actuation slide moves forward
distally allowing the distal end of the STR reuse lockout 41 to fall within a slot or opening 187 in
the actuation slide. As such, the distal end of the STR recuse lockout rides or sits on the outer
surface of the slot within the actuation slide as shown in FIGS. 51A-C as the actuation slide
travels longitudinally distally to eject the staples from the staple cartridge.

[00182] The top or outer surface of the distal end of the STR reuse lockout falls under a bottom
surface of the outer cover tube, the lift barrel or both. Likewise, the bottom or lower surface of
the distal end of the STR reuse lockout rides on top of the slot or lower distal surface of the
actuation slide. As such, the distal end of the STR reuse lockout is disposed or trapped between
the outer cover tube or lift barrel and the actuation slide. Additionally, the STR reuse lockout
does not move longitudinally unlike the actuation slide but pivots or moves perpendicular or

transverse to the longitudinal direction of the actuation slide.

24



WO 2016/044216 PCT/US2015/050103

[00183] As the actuation slide moves back, the distal end of the STR reuse lockout gets trapped
within a distal slot in the actuation slide as shown in FIGS. 52A-B. As such, the STR reuse
lockout prevents further movement of the actuation slide in either the proximal or distal
longitudinal directions. As such, the STR is now unable to fire or ¢ject any staples or move the
knife blade or reset the cartridge lift. In accordance with various embodiments, the staple
cartridge now raised may serve as an indicator that the STR and/or cartridge is now unable to
fire, is devoid of staples, stapling or cutting operations are complete or any combination thereof.
[00184] In accordance with various embodiments, the staple cartridge 5 includes one or more
detents or protrusions 551, 552 positioned and shaped to mate with and slide within slots or
openings 1211, 1212 disposed on the lower jaw 12. The protrusions 551, 552 are positioned on
the side walls of the staple cartridge and the slots 1211, 1212 are positioned on the side walls of a
cartridge holder, retainer 121 or lower jaw 12 of the stapler. The engagement of the protrusions
and slots ensures that the staple cartridge can move vertically but also ensures that the staple
cartridge only moves vertically and not side to side or longitudinally distally or proximally. In
various embodiments, protrusions or detents, e.g., protrusions 1211, restrict movement of the
staple cartridge other than vertically and prevent removal of the staple cartridge from the lower
jaw of the stapler. In various embodiments, the staple cartridge although movable vertically is
permanently affixed to the jaw and thereby restricts reuse of the staple cartridge or inadvertent
discharge or removal of the staple cartridge ensuring consistent stapler operations. In various
embodiments, only a single protrusion or a set of protrusions, ¢.g., protrusions 1211, protrusions
1212, or combinations thereof, are disposed on the staple cartridge.

[00185] The staple cartridge in various embodiments is a single monolithic structure to assist in
applying a uniform force to compress the tissue. Individual staple pushers are disposed in the
stapler cartridge in individual pockets with individual staples in each pocket. Activation of a
staple pusher ejects the associated staple out of the staple pocket and into the clamped tissue and
an anvil forming or closing the staple.

[00186] In one embodiment, the fins of the slider 17 are longitudinally offset as such fins on one
side, e.g., a right side relative to the blade, is set in a more distal position then the fins on the
opposing side, ¢.g., a left side relative to the blade. The left side fins thus is placed in a more
proximal position than the right side fins. The offset of the fins provides a distribution of force

in ejecting of the staples and as such reduces potential excessive compression of the tissue and
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the amount of force required to sequentially eject the staples from the staple pockets via the
staple pushers.

[00187] The stapler includes an articulation lever or switch 50 that toggles the jaws 11, 12 from
a zero or initial position to an angled or 45 degrees position relative to the longitudinal axis along
the elongate shaft and back again to the zero or initial position. When a surgeon activates the
lever, the lever engages an articulation forward arm 52 and an articulation rear arm 54 that
moves from a split or misaligned position to an aligned and linear position. One end of the rear
arm is connected to the lever and the other end of the rear arm is connected to the housing base.
One end of the forward arm is connected to the rear arm along its middle portion and the other
end of the forward arm is connected to an articulation extension arm 53.

[00188] The other end of the articulation extension arm 53 is connected to an articulation hub
57 surrounding and connected to an articulation barrel 55. The articulation barrel has a bayonet
coupling arranged to releasably connect to an articulation beam 51 with a distal end connected to
a pivot post near a jaw pivot post that pivotally connects the jaws 11, 12. The pivot post is
disposed perpendicular to the jaw pivot post and offset the center or longitudinal mid-line of the
clongate shaft. Placing the articulation forward and rear arms in-line with each other pulls or
slides the articulation extension arm 53 proximally that slides the articulation hub and barrel
proximally pulling the articulation beam proximally. Proximal movement of the beam pulls on
the pivot post causing the upper and outer covers 91, 92 connected to the jaws 11, 12 and
connected to the pivot post to be pulled proximally. Since the pivot post is arranged offset the
center of the shaft, the jaw covers moves in a direction towards the pivot post to place the jaws in
an angled position. With the lever fully depressed, the forward and rear arms are aligned and set
in place thereby holding the jaws in the angled position. When the lever is released or moved
back to the original or initial position the forward and rear arms split or become misaligned
causing the pulling of the articulation beam proximally to be released and thus the articulation
beam is allowed to move distally. Movement of the articulation beam distally causes the upper
and lower outer covers and thus the jaws 11, 12 to pivot back to an initial or zero position
aligning the jaws to the longitudinal axis 1 of the stapler.

[00189] In one embodiment, the articulation barrel includes a bias component, e.g., an
articulation barrel spring 56, surrounding the articulation barrel and positioned between the outer

surface of the articulation barrel and the inner surface of the articulation hub. The spring biases
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the articulation barrel distally that also biases the articulation beam distally and thereby biases
the jaws to the initial or zero position.

[00190] In accordance with various embodiments, the reverse button (or moving the fire button
in the opposite direction) may the pressed at any time while the actuation rod 62 is translating
distally. Engaging the reverse button reverses the operation of the stapler and thereby enables
the longitudinal movement of the actuation rod back or proximally.

[00191] As shown for example in FIGS. 36-38 and 46-47, when the reverse button is pushed
(the fire button 60 pushed again), the arming hub 61 rotates back to its initial position or in the
opposite direction, e.g., clockwise, as the button translates in a linear direction. The actuation
rod 62 (and/or as illustrated proximal actuation rod 63) connected to the arming hub also rotates
back to its initial position or in the opposite direction, ¢.g., clockwise.

[00192] With the fire or reverse button engaged and the actuation rod rotated, the reverse pawl
26 connected to the movable slide or rack 27 becomes engaged or is engageable with a series of
teeth 74 longitudinally disposed along or in the actuation rod 62. With the actuation rod 62 at a
distal or distal most position, the teeth 74 become accessible or exposed to the reverse pawl 26.
[00193] Actuation or squeezing of the trigger 21 towards the handle base 22 rotates the trigger
action gear 24 that rotates the intermediate action gear 23 which translates the rack 27
proximally. The reverse pawl 26 connected to the rack 27 also moves proximally and
longitudinally. The reverse pawl 26 also being engaged with a tooth of the teeth 74 on the
actuation rod 62 also moves the actuation rod 62 proximally and longitudinally.

[00194] Releasing of the trigger or moving it away from the handle base 22 causes the reverse
pawl 26 and the rack to move back distally through the interaction and cooperation of the trigger
and intermediate action gears. However, the tip or tooth of the reverse pawl 26 becomes
operationally engage with a more distal portion of the series of teeth 74 longitudinally disposed
along the actuation rod 62. Additionally, the engagement of the reverse pawl with the teeth 74
prevents or resists distal movement of the actuation rod 62. As such, multiple strokes or
squeezing and releasing of the trigger may be performed to fully move the actuation rod 62 back
to or nearly back to its initial or proximal most position and thereby fully open the jaws. Such
strokes in one embodiment incrementally open the jaws and thus allow disengagement of the

stapler from the stapled tissue. In one embodiment, only a single stroke is utilized to completely
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open the jaws. In various embodiments, actuation (e.g., closing/opening of the jaws and/or firing
of the staples) or articulation of the stapler is assisted by one or more motors.

[00195] The forward proximal and distal pawls 28, 25 slide distally and proximally on an outer
surface of the actuation rod 62 as the trigger is squeezed and released and as the rack moves
proximally and distally. As such, multiple strokes or squeezing and releasing of the trigger may
be performed to fully move the actuation rod 62 back to or nearly back to its initial or proximal
most position and to place or position the forward proximal and distal pawls 28, 25 back to or
nearly back to their initial position relative to the actuation rod 62 (e.g., the forward proximal
pawl 28 engaging cut-out 72 and the forward distal pawl 25 engaging cut-out 71). The actuator
at its end of its reverse travel is shown for example in FIGS. 39-44. In one embodiment, the final
squeeze of the trigger while in the reverse configuration locks out the STR and resets the actuator
2 to an initial or open-close mode as shown for example in FIGS. 42-44.

[00196] In accordance with various embodiments, the jaws 11, 12 when closed and the elongate
shaft defines an outer diameter that is at least as equal to or smaller than the inner diameter of the
trocar cannula. A typical surgical procedure may include a single site surgical access device or
multiple trocar cannulas placed on and through the patient’s body. In one particular
embodiment, the inner diameter of the trocar cannula corresponds to 12mm and the make-up or
components of the jaws includes upper and lower jaws, pushers, staples, cartridge, and a jaw gap
height. The cartridge is a nest for the pushers and staples and in one embodiment the cartridge is
fixed inside the lower jaw. Pushers reside below the staplers and push the staples fully out of
cartridge pockets within the cartridge when the pushers are acted upon by a slider. When the
staples are pushed out of the cartridge, the staples must pass through the tissue and deform by
contact into their corresponding anvil pockets within the anvil on the upper jaw. The actuation
beam is a high stress component as it performs the work of closing the hinged upper jaw while
compressing tissue therebetween, deploying the pushers to fire the staples and cutting the tissue
at the center of the jaws.

[00197] In accordance with various embodiments, e.g., a 3.5mm stapler STR, the staples have a
height of approximately 0.140 inches and the pusher is about 2/3 of the staple height to fully
deploy the stapes out of the cartridge. For such a staple, the jaw gap height between the upper
and lower jaws is about 0.036 inches. FIGS. 53A-B illustrate a 3.5mm staple 6 formed and

unformed condition in accordance with various embodiments. In the unformed condition, the
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staple 6 has a height of about 3.5mm and a width of about 3.0mm and in a formed condition, the
staple has a height of about 1.5mm. The formed height may vary based on tissue thickness and
other conditions effecting staple formation. FIGS. 56A-C illustrate an exemplary staple 6
unformed, formed at minimum height and formed at maximum height.

[00198] In the illustrated embodiment, the lower jaw has a thickness of 0.030 inches in order to
remain rigid when the jaws are clamped on tissue. The lower jaw has an increased strength in
the vertical direction as the side wall bends and wraps around and up the side of the cartridge.
The upper jaw is generally a flat piece of metal that can be susceptible to bending when clamped
on tissue and thus is thick.

[00199] Overall, the dimensions of all the components inside the cross section of the distal
portion of the STR can be altered slightly, but usually only slightly. It is thus a significant
challenge to add additional functionality to the distal portion of the STR while working under
these space restrictions and maintaining functionality/reliability.

[00200] FIG. 54 depicts the limited space requirements or confines in which a laparoscopic
surgical stapler must conform to these dimensions. Otherwise, increase incision Size causes
increased recovery time and unwanted patient trauma. In particular embodiments, the outer
diameter 541 of the stapler is about 0.5mm. As such, the upper jaw 11 including the anvil 9 and
an upper guide 183 of the beam 18 occupies about a third of that space. A gap between the jaws
11, 12 is maintained to allow for tissue to be grasped and staples 6 to be fired and formed along
with staple pushers 7 partially ejected from the cartridge 5 to fire the staples. This gap can be
about .036” in accordance with various embodiments. The lower guide 184 of the beam 18 and
the lower jaw 12 that includes the cartridge 5 occupy the remaining space. The height or space
occupied by the cartridge 5 is further limited by the height of the staples 6 and the pushers 7 used
to eject the staples. The dimensions of the lower jaw 12 and lower guide 184 of the beam 18 are
also restrained due to space constraints and the desired strength and durability to ensure proper
staple firing. Likewise, the dimensions of the upper jaw 11 and the upper guide 183 of the beam
18 are also limited due to space constraints and the required strength and durability to ensure
depth and shapes of the anvil pockets 99 in the anvil 9 and proper staple formation.

[00201] FIGS. 55A-B illustrate the jaws of the stapler in accordance with various embodiments
providing a maximum jaw gap height 554 (e.g., .038”’) and minimum jaw gap height 553 (e.g.,

.018”). In the maximum jaw gap height or initial condition, the cartridge is at its lowest height
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with the protrusions 551, 552 of the cartridge 5 at its lowest position firmly seated in the slots
1211, 1212 in the lower jaw 12. In the minimum jaw gap height or unconstrained condition, the
cartridge 5 is at its highest height with the protrusions of the cartridge at their highest position in
the slots 1211, 1212 in the lower jaw 12. In accordance with various embodiments, the
interaction of the protrusions, e.g., protrusions 551, and the slots, ¢.g., slots 1211, further limits
or regulates the range between the maximum and minimal jaw gap heights.

[00202] Generally, the laparoscopic linear cutting surgical stapler comprises a series of
opposing ramps at low angles to uniformly lift the staple cartridge and lock it in place. One set
of ramps remains stationary while the second set is moved longitudinally relative to the
stationary set of ramps driving the surfaces of the ramps to slide against each other. The series
of ramps are located along the length of the cartridge and the interaction of ramps causes the
cartridge to lift uniformly. The cartridge contains staples, pushers and a slider.

[00203] In an initial or default position, e.g., as shipped, the cartridge is at its lowest positional
height and thus the largest gap distance between the jaws. In this initial configuration, the jaws
of the stapler can freely open and close to grasp tissue therebetween while being gentle on the
tissue. The jaws can also thus be gently positioned on the tissue and the tissue positioned into
the desired firing position or location. Once the user has found the desired firing location, the
cartridge lift is engaged or activated. In one embodiment, the cartridge lift is engaged
automatically during the initial firing stroke to fire or ¢ject the staples from the cartridge. By
engaging the cartridge lift, the lift is moved longitudinally and an interaction of ramps on the lift
and a rampway or retainer and the biased lift apply a vertical lifting force on the cartridge
moving the cartridge vertically towards the anvil and delivering a pre-determined pressure on the
tissue between the jaws.

[00204] The clamping force between the jaws, cartridge, and ramps is directed in a direction
perpendicular to the longitudinal axis of the stapler. The force also presses the two sets of ramps
together. Due to the low angle of the ramp surfaces with respect to each other and also largely
slanting perpendicular to the force, the clamping force or reaction force or pressure is unable to
drive the ramps and thus the lift back longitudinally back into its initial position. In accordance
with various embodiments, even with the addition of high forces encountered during the staple
firing/forming which is also in the same perpendicular direction or even unexpected high

pressure forces, the ramps and other components will deform rather than move longitudinally
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back. The cartridge lift is thus able to lift the cartridge to an infinite number of intermediate
heights between the lowest and highest points rather than set incremental points while
simultaneously locking or preventing the cartridge from returning back down. This can also be
done automatically, e.g., with no user interaction to set or determine a particular height and to
adjust or set the stapler to that determined height.

[00205] In accordance with various embodiments, the ramps on the cartridge lift and the
rampway have the same dimension and shape. In various embodiments, the ramps have different
dimensions or shapes and the slope of the ramps defines or accounts for the compressive forces
applied to tissue grasped between the jaws 11, 12. In accordance with various embodiments, the
rampway 80 is built into or incorporated into the retainer or lower jaw 12 as shown for example
in FIGS. 69-70. Also, as illustrated, the ramps 81 are slants of increasing slope extending
proximally and the ramps 83 on the cartridge lift 82 are arranged as decreasing ramps slanting or
extending proximally to mate and interact with each other to move the cartridge vertically as the
cartridge lift is moved proximally.

[00206] The movable set of ramps is connected to a pre-loaded spring designed to apply the
desired longitudinal force once released or engaged. The spring is also provided to apply a load
on the ramps thereby moving the cartridge vertically to achieve a desired predetermined and
optimal pressure on the tissue to produce the desired staple formation with minimal excessive
pressure or trauma to the tissue and surrounding tissue.

[00207] By placing the biasing member or spring within the shaft or distally away from the
jaws, allows for a larger biasing member (e.g., a spring without space constraints imposed by a
jaw or jaws of the stapler), provides easier manufacturing, removes space constraints at the jaws
and allows for a single force to be spread out and uniformly applied at the jaws. Such biasing
members in the jaws are often impractical or inoperable as not effectively applying uniform
forces against the cartridge to compress the tissue against the anvil. Appropriate compression of
tissue and jaw gap height ensures proper staple formation. Proper staple formation ensures no
leaking and reduced trauma to the tissue.

[00208] In accordance with various embodiments, the surgical stapler applies compression
forces at three different intervals. The first compression can occur when the jaws are closed onto
the tissue. The second compression occurs when the vertical adjustment driver is activated and

the third compression occurs when the firing mechanism applies pressure on both jaws. By
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spreading out or sequencing the compression intervals, the tissue is allowed to compress further
and resist less to the compression and thereby provide optimal staple formation and reduced
tissue trauma.

[00209] The movable wedges can be biased by a cable or motors driven by pressure sensors.
The stapler is a single use disposable device and as such the lift mechanism once initiated cannot
be reset and thus the lift mechanism cannot be reused along with the associated cartridge. In
accordance with various embodiments, the lift mechanism can be provided using ramps or
wedges on the bottom of the cartridge, along the sides of the cartridge; ramps as separate inserts
assembled or integrated in lower jaw or cartridge; and/or angled slots or channels instead of or in
addition to wedges. In accordance with various embodiments, the cartridge lift could be biased
distally instead of proximally to lift the cartridge and thus the direction or slope of the ramps
would also be reversed. In accordance with various embodiments, a separate lockout or lift
restraint is provided such as teeth or a ratchet like mechanisms on the cartridge lift, cartridge, lift
barrel, lift beam or the like that provides only a one-way proximal or distal longitudinal and
incremental movement of the cartridge lift or staple cartridge.

[00210] In various embodiments, a retainer includes a plurality of ramps that interact with a
cartridge lift that is movable longitudinally and proximally and lifts the cartridge vertically. The
cartridge lift in various embodiments has no ramps with smooth flat upper and lower surfaces but
is attached to a ramp or protrusion like configuration and interaction as described throughout the
description. In various embodiments, for example, as shown in FIGS. 60-65, the cartridge lift
8211 includes a plurality of ramps 8212 such that moving the cartridge lift distally (arrow D),
¢.g., away from the actuator, lifts the cartridge 5 vertically. The ramps on the cartridge lift
decrease or slant down proximally and the ramps on the retainer slant up distally. As illustrated,
the retainer is integrated or replaced by the lower jaw 12 in which the lower jaw 12 includes the
corresponding ramps 1221. The staple cartridge 5 sits upon the cartridge lift and when the
cartridge lift is moved distally, the ramps of the cartridge lift slide on the ramps of the lower jaw
which moves the cartridge vertically. Additionally, as shown for example in FIGS. 62A-B,
articulation is provided such that the jaws can pivot or be angled away from or out of alignment
with the longitudinal axis without opening or closing of the jaws. The cartridge lift in various
embodiments is biased in the distal direction. In accordance with various embodiments, spring

871 biases the cartridge lift distally. A proximal end of the cartridge lift extends vertically or
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includes an extended base 8213. The extended base is positioned between the 871 and an
actuation beam 18. The spring applies a force in the distal direction against the extended base.
However, the position of the actuation beam restrains or restricts distal movement of the
extended base of the cartridge lift and thus the release of the spring 871.

[00211] In a fire activation configuration, the actuation beam is moved distally and thus allows
the movement of the extended base and the release of the spring to apply a spring force against
the cartridge lift. As such, the spring moves the cartridge lift distally causing the cartridge to lift
up or move only vertically and self-adjust to the tissue in the jaws.

[00212] In various embodiments, as shown for example in FIGS. 68A-B, the cartridge lift 824
includes apertures 825 through which a plurality of ramps 503 on a cartridge platform 501
extends therethrough. Movement of the cartridge lift proximally lifts the cartridge platform or
frame vertically. In particular, movement of the cartridge lift proximally causes the distal most
ends or walls of the apertures to interact with the ramps on the cartridge platform that slant down
proximally. As a result, the cartridge platform is moved vertically as the cartridge lift is moved
longitudinally, e.g., proximally. In various embodiments, the cartridge is seated on the cartridge
platform and as such the cartridge and cartridge platform only moves vertically or in a direction
traverse to the longitudinal movement of the cartridge lift. In various embodiments, the cartridge
and cartridge platform are integrated to form a monolithic structure.

[00213] In various embodiments, as shown for example in FIG. 71, a cartridge platform 505
includes a plurality of protrusion 507 (e.g., bumps) and a cartridge lift 826 includes a plurality of
ramps 828 such that moving the cartridge lift 826 proximally causes the ramps of the cartridge
lift to interact with the bumps of the cartridge platform to lift the cartridge 5 vertically.

[00214] In various embodiments, the cartridge lift is connected to a flexible pull cable, e.g.,
cable 714. The flexible pull cable includes a hold/release block 715 coupled to a tension spring
716. The flexibility of the pull cable assists in flexing or articulating of the jaws relative to the
clongate shaft (e.g., at a flex point or joint denoted abstractly by curved line 701). The tension
spring biases the cartridge lift proximally. The hold/release block limits or restricts movement of
the pull cable and likewise the cartridge lift. Once activated, the hold/release block is released
allowing the pull cable and the cartridge lift to be pulled proximally. As the cartridge lift is
moved proximally, the cartridge moves vertically towards the upper jaw 11. In various

embodiments, the cartridge is seated on the cartridge platform and as such the cartridge and
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cartridge platform only moves vertically or in a direction traverse to the longitudinal movement
of the cartridge lift. In various embodiments, the cartridge and cartridge platform are integrated
to form a monolithic structure.

[00215] In various embodiments, as shown for example in FIGS. 66-67, an actuation lock or
link 661 is pivotably connected to the actuation rod or slides in which in one position the
actuation link restricts the actuation rod or slides and prevents the firing of staples and cutting of
tissue between the jaws. The actuation rod or slides operate as previously described in various
embodiments. Initially, the actuation link 661 hooks onto an actuation pin 663 that is connected
to an actuation rod. The actuation slide is connected to a trigger such that when the trigger is
manipulated the actuation slide also moves but in an opposite direction. Thus, when the trigger
is squeezed proximally, the actuation slide moves distally to ultimately close the jaws and eject
the staples as shown for example in figures 66A-66B. Moving the actuation slide back
proximally opens the jaws. As shown in figure 66B, as the actuation slide is moved back, the
actuation link is pivoted or rotated up to disconnect or unhook the link from the actuation pin
663. This disconnection disables the connection between the actuation slide and the distal
working portions of the stapler, e.g., the firing of the staples or the movement of the jaws. As
shown, in figures 67A-B, the actuation pin 663 is free to move proximally and distally but is no
longer connected to the actuation link. Any movement of the actuation pin thus does not move
the distal working portions of the stapler and thus movement of the trigger also does not move
the distal working portions of the stapler. In various embodiments, only the ability to fire staples
is disconnected by the interaction of the actuation link and the actuation pin but the opening and
closing of the jaws are still permitted. As such, the trigger can be moved to open and close the
jaws while any movement or components to fire the staples are disengaged.

[00216] In various embodiments, as shown for example in FIGS. 57-59, ramps or slots 821 are
added along the sides of cartridge lifts 820 and corresponding protrusions or detents 501 extend
from a cartridge retainer or a cartridge 5 instead of along the respective bottom and upper
surfaces of the lift and jaw. The cartridge lifts 820 in accordance with various embodiments are
similarly biased, e.g., in a proximal direction (arrow H), and once activated raises the cartridge
vertically (arrow V) through the interaction of the protrusions of the cartridge and the slots of the
lifts 820. In various embodiments, the protrusions are on the lifts and the slots are on the

cartridge or in various embodiments, various combinations of protrusions and slots are provided
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with some on the cartridge and some on the cartridge lifts, e.g., a cartridge has proximal
protrusions and distal slots and the cartridge lifts have corresponding proximal slots and distal
protrusion. Protrusions may be desired extending from the cartridge to maximize the space
within the cartridge for the staples and the ejection of staples. Portions of the lower jaw 12 and
the cartridge 5 are removed from the illustrated embodiment to ease description of embodiment.
Additionally, although shown separately the cartridge lifts in various embodiments are connected
proximally in the shaft or actuator to form a single monolithic structure to further ensure uniform
movement of the lifts.

[00217] In accordance with various embodiments, an actuation beam provides functional
parallel jaws during closure, compression and high forces of staple firing/forming. As such, the
actuation beam closes the jaws and maintains consistent parallel closure along the length of the
jaw and in various embodiments the actuation beam is arranged to withstand significant
firing/closure forces at a pre-determined height (height at which the actuation beam was
manufactured). The actuation beam structural member is thus made from high grade stainless
steels for example and thus strong and rigid. Making or providing an adjustable actuation beam
can sacrifice or reduce inherent strength and rigidity of actuation beam.

[00218] In various embodiments, an adjustable actuation beam can provide an adjustable jaw
gap and/or a low or reduced overall outer or body diameter. In various embodiments, such an
adjustable actuation beam can cause width constraints, complex construction, ¢.g., actuation
beam or jaw mechanisms, and/or reduce actuation beam strength.

[00219] In various embodiments, the actuation beam closes the top jaw to the bottom jaw when
it is advanced. The actuation beam closes the jaws together at a fixed height or jaw gap. If the
actuation beam was able to be adjusted in height, the user could then adjust the jaw gap
appropriately for the desired tissue to use it on. In accordance with various embodiments,
adjustable actuation beams 1800 are illustrated for example in FIGS. 72-74 and in which the
actuation beams are split or forked at the distal end providing an upper arm 188 and a lower arm
189 with a space between the two and/or a middle portion removed. For example, in FIGS. 72A-
B, the actuation beam 1800 includes an adjustable or stretchable material or web 1802 between
upper and lower guides of the actuation beam and, in one embodiment, the material biases the
guides together or stretchable or inherently biased to squeeze the guides together and thereby

seck to reduce the staple height or jaw gap and/or to apply compressive forces on tissue between
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the jaws. In accordance with various embodiments, in FIG. 73, a ratchet 1803, e¢.g., teeth or
racks, extend from either or both upper and lower arms of the actuation beam 185. In various
embodiments, a perpendicular extension tab extends from the upper arm of the actuation beam
and includes a plurality of projections and a perpendicular extension tab extends from the lower
arm of the actuation beam and includes a plurality of projections arranged to interact with the
plurality of projections of the perpendicular extension tab of the upper arm of the actuation
beam. Such a ratchet or interaction of projections holds or biases the arms together and can be
utilized to incrementally adjust the overall height of the beam or the spacing between the arms.
In FIG. 74, in accordance with various embodiments, the cover tube or another actuation tube or
cover 1805 is provided to force or bias the upper and lower arms of the actuation beam to
together as the beam is squeezed into the tube or the tube is squeezed over the arms of the beam.
These upper and lower guides may also include a material or ratchet between them to further
assist in a uniform and consistent closure or pressure in bringing the guides together.
Additionally, such forces or biasing material or mechanism in accordance with various
embodiments may be one-way, e.g., moving to close the guides together and thus unable to open
or release, and/or in one direction, e.g., towards each other or just towards the upper or lower
guide, to maintain a parallel relationship of the guides with each other and the longitudinal axis.
A separate release or disengagement component would be used to move the arms apart
sufficiently to release the stapled tissue.

[00220] However such an adjustable actuation beam may still need to provide sufficient
strength in order to close the jaw especially if the tissue between the jaws is thick. The
adjustable actuation beam may also be very thin to leave room for multiple rows of staples in the
cartridge. The jaws may also need to stay parallel to the cartridge during firing. As such, a
mechanism may be needed to allow one or both of the jaws to realign the gap to match the
adjustable actuation beam. The actuation beam may also need to be acted on by a separate
biasing component or mechanism to adjust the height. The additional biasing component or
mechanism may also have to articulate. The pivot joint between the top and bottom jaws may
also have to adjust accordingly to match the actuation beam to maintain parallel jaws.

[00221] The ramp configuration as previously described in accordance with various

embodiments as compared to the adjustable actuation beam embodiments may have fewer parts.
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The ramp configuration for example has a single location jaw pivot pin with a thin and simple or
straight-forward actuation beam.

[00222] In various embodiments, for example, as shown in FIGS. 77-79, the stapler provides an
adjustable top jaw or adjustable anvil surface that provides parallel jaws at various staple heights.
However, given the limited space, the top jaw is usually not thick enough or does not have room
enough for lift mechanisms especially relative to the size of bottom jaw and associated staples.
[00223] As shown in FIGS. 75A-75B, a gap 751 is present at the distal most portion of typical
jaws 111, 112 and in various embodiments this gap is closed or reduced to a near zero
configuration allowing the typical lost space to be better utilized to capture and compress tissue.
As illustrated in FIGS. 75C-75D, the angled bottom jaw 754 reclaims some of the lost space.
The gap 751 at the distal most portion of the jaws is reduced nearly to zero while the tissue gap
at the proximal portion of the jaw remains unchanged. During firing of the staples, the top jaw
111 is opened or moved away from the bottom jaw 112 to position the top jaw in a parallel
position relative to the bottom jaw to ensure a more uniform compression of tissue and staple
formation.

[00224] In FIGS. 77A-77B, the sliding top jaw 115 when closed is offset or positioned more
proximally than the fixed bottom jaw 125. In such a position, a small gap or no gap 751 is
disposed between the jaws and thereby defining or delimiting a small outer diameter to facilitate
entering or exiting small diameter surgical access ports, such as Smm cannulas. The sliding top
jaw when fully opened defines a large gap 751 between the jaws to increase the ability of the
jaws to capture large portions of tissue between the jaws. However, the sliding pivot 775 of the
sliding top jaw ensures that the jaws remain parallel relative to each other to ensure a more
uniform compression of tissue and staple formation. In accordance with various embodiments,
movement of the actuation beam distally moves the jaws from an open position and a closed
position or a separate rod, cable or tube is utilized to move the jaws from an open and closed
position and vice versa.

[00225] As illustrated in FIGS. 78A-79C, a toggle top jaw 116, 117 when closed provides a
specific gap between the jaws. The specific gap can be small enough to facilitate placement
through and withdrawal of the instrument from small diameter surgical access ports. The toggle
top jaw when fully opened defines a large gap between the jaws to increase the ability of the

jaws to capture large portions of tissue between the jaws. However, the toggle top jaw ensures
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that the jaws remain parallel relative to each other to ensure a more uniform compression of
tissue and staple formation. In accordance with various embodiments, movement of the
actuation beam 18 distally can move the jaws from an open position and a closed position. A
proximal portion of the beam interacts with the toggle top jaw to prevent further rotation or
pivoting of the jaw to further ensure that the jaws remain parallel relative to each other to ensure
uniform compression of tissue and staple formation. In various embodiments, a slot 1174 of the
toggle top jaw interacts with the actuation beam to rotate or pivot of the jaw. In various
embodiments, feet or a proximal end 1173 of the toggle top jaw interacts with the shaft of the
stapler to prevent further rotation or pivoting of the jaw. In accordance with various
embodiments, the toggle top jaw comprises a top jaw toggle 1161, 1171 and a toggle link 1162,
1172 pivotably connected to the shaft and/or bottom jaw or bottom jaw support. The toggle link
is also pivotably connected to top jaw toggle. The top jaw toggle remains parallel to the bottom
jaw 125 and includes an anvil. The top jaw toggle in various embodiments is made of a material
or comprising of materials stronger or firmer than the toggle link to withstand staple formation
forces and facilitate staple formation.

[00226] The adjustable top jaw with an actuation beam 18 is similar to previously described
embodiments. The actuation beam height remains the same height during use however the
difference in staple heights is accommodated by a small shoe or spacer that resides in the top jaw
or the lower jaw assembly. For example, if a small jaw gap is desired, a spacer would be added
while if a large jaw gap is desired, the spacer would not be used. The decision to add a spacer
may be left with the user. The engagement of the spacer as desired may be activated by the
actuation beam or similar mechanisms used in the firing or pre-firing process. Such mechanism
may also have to articulate. The top or bottom jaw may need to be thinner to provide space for
the spacer which can reduce the jaws strength. The spacer’s strength may also be enhanced to
accommodate the reduced jaw strength and to withstand compressive forces in the staple
formation process. A space may also be provided to accommodate storage of the spacer when
not in use.

[00227] Relative to the various other embodiments previously described, the top jaw would
likely be thicker in cross section. A strong top jaw that minimizes flexing is often desired for
proper staple formation. As such, a single monolithic top jaw is often desired. The spacer

provides a finite number of gap height changes and is not automatically-adjustable.
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[00228] In accordance with various embodiments, an adjustable top jaw can provide an
adjustable and comparable jaw gap and an overall low body diameter. However, the adjustable
top jaw could also increase space between staple lines, increase complexity to the actuation beam
or other components and/or reduce the top jaw strength.

[00229] In accordance with various embodiments, the cartridge is adjusted using springs or
other similar biasing mechanisms. Such embodiments however can be difficult to lock the
cartridge in place once an optimum spacing has been reached. For example, springs under the
cartridge allows the cartridge to move or adjust due to the thickness of tissue. However, the
cartridge would move again due to higher forces encountered during staple firing and forming.
As such, the cartridge moves freely in response to the tissue thickness but may not be able to
lock solidly in place once the optimum height has been found and all within the limited space of
a linear laparoscopic cutting cartridge.

[00230] Referring to FIG. 76, in accordance with various embodiments, the cartridge 5 is
floating or not directly coupled to the jaw of the stapler. Contact of the cartridge with the tissue
causes the cartridge to re-size to an optimum tissue gap. The cartridge includes teeth 5002 that
interlock with corresponding teeth 1202 on the jaw to lock the cartridge in place at the optimum
tissue gap. In one embodiment, the bottom jaw clamps on the cartridge to interlock the teeth of
the cartridge and the bottom jaw. In another embodiment, movement of the actuation beam
slides the cartridge to the side to interlock the teeth of the cartridge and the bottom jaw. The
teeth could be on both sides of the cartridge with corresponding interlocking teeth disposed on
both sides of the bottom jaw.

[00231] In accordance with various embodiments, an adjustable top/bottom jaw is provided
without the use of an actuation beam. Other mechanisms to open and close the jaws could
provide parallel jaws during closing and staple formation and counteract or account for
compressive forces encountered during closing and staple formation. Such mechanism may thus
be thicker and stronger that may reduce the ability to articulate or space availability to
accommodate the space limitations in laparoscopic procedures.

[00232] The top jaw would have to be much thicker than a normal jaw due to the lack of an
actuation beam. The cartridge would need to house the cutting blade and protect it after the

device is fired and the jaw opened.
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[00233] In accordance with various embodiments, one or more ramps are placed along the sides
of a cartridge or cartridge lift interacting with ramps on the sides of a rampway, retainer or lower
jaw. An actuation beam is provided to close the jaw, fire the staples, release jaw gap spring, and
cut the tissue. The jaw gap is set by the side ramps and in one embodiment the cartridge is held
in place by a frame that is acted on by the cartridge lift. When the cartridge lift is activated, the
frame and cartridge close the gap based on a biasing member, ¢.g., a spring and its spring rate,
that has be predefined or predetermined to be optimal for tissue compression. The jaw gap
change is done automatically.

[00234] In such embodiments, compressive forces are transmitted to the sides of the cartridge or
cartridge lift rather than being distributed on a bottom flat surface as provided in various other
embodiments previously described.  Such side distribution may reduce the ability to
accommodate such forces for proper staple formation or may require thicker or stronger wedges
or sides of such components to account for the encountered forces. In accordance with various
embodiments, side ramps can provide an adjustable and comparable jaw gap and an overall low
body diameter. However, the side ramps may encounter width constraints. In various
embodiments, the stapler includes a separate user-accessible switch or button to initiate, unlock
or activate the biasing of the cartridge lift or the lift lock. In various embodiments, the separate
switch may only become accessible once firing of the staples has activated or unlocked. The
biasing of the cartridge in various embodiments may be by performed by one or more springs,
clastic bands, cables, magnets, hydraulics or other similar biasing systems. The cartridge lift,
biasing systems or both in various embodiments may be assisted by motors and/or sensors. In
various embodiments, the lift lock cannot be relocked or the biasing systems reset or placed back
to its initial position.

[00235] Additionally, although this application discloses certain embodiments and examples, it
will be understood by those skilled in the art that the present inventions extend beyond the
specifically disclosed embodiments to other alternative embodiments and/or uses of the
invention and obvious modifications and equivalents thereof. Further, the various features of
these inventions can be used alone, or in combination with other features of these inventions
other than as expressly described above. As such, it should be appreciated that although specific
combinations of embodiments and features or aspects of various embodiments may not be

explicitly described such combinations however are contemplated and within the scope of the
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present inventions. Thus, it is intended that the scope of the present inventions herein disclosed

should not be limited by the particular disclosed embodiments described above.
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Claims:

1. A surgical stapler comprising:

a first jaw including an anvil;

a second jaw including a cartridge including a plurality of staples, the first jaw movable
towards and away from the second jaw; and

a cartridge lift disposed between the second jaw and the cartridge, the lift arranged to
move the cartridge towards the first jaw while the lift moves in a longitudinal direction.

2. The stapler of any one of the preceding claims wherein the lift moves only in the
proximal direction.

3. The stapler of any one of the preceding claims wherein the cartridge moves only in
a direction towards the first jaw.

4.  The stapler of any one of the preceding claims wherein the cartridge moves prior to
firing of the staples.

5. The stapler of any one of the preceding claims further comprising a spring
connected to the cartridge lift.

6.  The stapler of any one of the preceding claims wherein the spring is restrained.

7. The stapler of any one of the preceding claims further comprising an elongate shaft
connected to the first and second jaw, the first and second jaws being pivotably connected to
cach other and an actuator removably connected to the elongate shaft, the actuator configured to
close and open the jaws, fire of staples, translate a blade and release the spring.

8. The stapler of any one of the preceding claims wherein the cartridge lift comprises
ramps having lower surfaces facing a retainer, the retainer comprising ramps having upper
surfaces facing the cartridge lift, the upper surfaces of the ramps of the retainer being shaped and
positioned complementary to the lower surfaces of the ramps of the cartridge lift.

9.  The stapler of any one of the preceding claims further comprising a lift lock
blocking movement of the cartridge lift.

10. The stapler of any one of the preceding claims wherein the retainer and anvil
remains stationary when the cartridge moves vertically.

11. The stapler of any one of the preceding claims wherein the cartridge lift is biased by

a cartridge lift spring pulling the cartridge lift in a proximal direction.
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12.  The stapler of any one of the preceding claims wherein the spring is initially locked
and the cartridge lift remains at a lowest vertical position.

13. The stapler of any one of the preceding claims wherein the spring is unlocked once
a firing operation has commenced.

14. The stapler of any one of the preceding claims wherein the spring is unable to be
relocked.

15. The stapler of any one of the preceding claims wherein the cartridge lift provides an
active vertical force against the cartridge.

16. A surgical stapler comprising:

a first jaw including an anvil;

a second jaw including a cartridge having a plurality of staples and extending from a
proximal end to a distal end, the first jaw movable towards and away from the second jaw; and

a cartridge lift disposed between the second jaw and the cartridge and is biased in a
proximal longitudinal direction away from the distal end of the second jaw.

17. The stapler of any one of the preceding claims wherein the cartridge is movable in
only a single direction that is traverse to the single direction in which the cartridge lift moves.

18. The stapler of any one of the preceding claims wherein the anvil is not movable.

19. The stapler of any one of the preceding claims wherein the anvil is stationary.

20. The stapler of any one of the preceding claims wherein the movable lift is biased by
a lift spring.

21. The stapler of any one of the preceding claims further comprising a lift lock
preventing the lift spring from moving, the lift lock being unlocked and releasing the lift spring
once a firing operation has commenced.

22. The stapler of any one of the preceding claims wherein the lift lock is unable to be
relocked.

23. The stapler of any one of the preceding claims wherein the lift lock is not user
accessible.

24. A surgical stapler comprising:

a first jaw including an anvil;
a second jaw including a cartridge, the first jaw being movable towards the second

jaw; and
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an actuation beam having an upper arm and a lower arm and defining a distance
between the upper and lower arms, the distance being adjustable.

25. The stapler of any one of the preceding claims further comprising a web between
the upper and lower arms of the actuation beam limits the adjustable distance between the upper
and lower arms.

26. The stapler of any one of the preceding claims further comprising a perpendicular
extension tab extending from the upper arm of the actuation beam and including a plurality of
projections and a perpendicular extension tab extending from the lower arm of the actuation
beam and including a plurality of projections arranged to interact with the plurality of projections
of the perpendicular extension tab of the upper arm of the actuation beam.

27. The stapler of any one of the preceding claims further comprising an upper tab
extending traversely from the upper arm of the actuation beam and a lower tab extending
traversely from the lower arm of the actuation beam, the upper tab positioned to interact with the
lower tab to limit the adjustable distance between the upper and lower arms of the actuation
beam.

28. A surgical stapler comprising:

an upper jaw including an anvil; and

a lower jaw including a cartridge, the lower jaw being movable towards the upper
jaw and a distance between the upper and lower jaws is adjustable and a proximal most portion
of the jaws having a near zero gap between the upper and lower jaws.

29. The stapler of any one of the preceding claims wherein the first jaw includes a
toggle jaw link between a proximal portion of the jaw and a distal portion of the jaw.

30. The stapler of any one of the preceding claims wherein the lower jaw is angled
towards the upper jaw, the lower jaw having an angled surface that with an increasing slope from
a proximal end to a distal end of the lower jaw.

31. The stapler of any one of the preceding claims wherein the cartridge is floating
being constrained in longitudinal movement relative to the lower jaw and unconstrained in
perpendicular movement relative to the lower jaw.

32. The stapler of any one of the preceding claims wherein the upper jaw is connected

to a sliding pivot.
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