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(57) Abstract: An electrically operated surgical instalment includes a surgical end effector having an actuation assembly effecting
a surgical procedure when actuated and a handle connected to the end effector for actuating the assembly. A part of the assembly
& moves between start and fully actuated positions. The handle has a self-contained power supply and a drive assembly disposed
& entirely within the handle. The drive assembly has an electrically powered motor and a controller electrically connected to the
power supply and to the motor. The controller selectively operates the motor. A transmission mechanically connects the motor
to the moving part and selectively displaces the moving part anywhere between the start and fully extended positions when the
motor is operated. A manual release is mechanically coupled to the transmission to selectively interrupt the transmission and, during
interruption, displaces the moving part towards the start position independent of motor operation.
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ELECTRICALLY SELF-POWERED SURGICAL
INSTRUMENT WITH MANUAL RELEASE

Techaical Field

The present invention hies in the field of surgical instruments, in particular but not
necessarily, stapling devices. The stapling device described 1o the present application 18 g hand-held,
fully electrically self-powered and coatrolled surgical stapler with a manual release.

Medical stapling devices exist in the art. Ethicon Endo-Surgery. Inc. (a Johnson & Johnson
company; hereinafter “Ethicon™) manufactures and sells such stapling devices. Circular stapling
devices manufactured by Ethicon are referred to under the trade names PROXIMATE® PPH, CDH,
and ILS and linear staplers are manufactured by Ethicon under the trade names CONTOUR and
PROXIMATE. In each of these exemplary surgical staplers, tissue is compressed between a staple
cartridge and an aovil and, when the staples ave gjected, the compressed tissue is also cut.

Depending upon the particular tissue engaged by the physician, the tissue can be compressed too
hittle (where blood color is still visibly present in the tissue), too much {where tissue is crushed), or
correctly {where the liquid s removed from the tissue, referred to as dessicating or blanching).

Staples to be delivered have a given length and the cartridge and anvil need to be within an
acceptable staple firing distance so that the staples close properiv upon firing. Therefore, these
staplers have devices indicating the relative distance between the two planes and whether or not this
distance is within the staple length fining range. Such an indicator is mechanical and takes the form
of a stiding bar behind a window having indicated thercon a safe staple-firing range. These staplers
are all hand-powered, in other words, they require physical actuations by the user/physician to
position the anvil and stapler cartridge about the tissue to be stapled and/or cut, to close the anvil and
stapler cariridge with respect to one another, and to fire and secure the staples at the tissue {and/or
cut the tissue). No prior art staplers are electrically powered to carry out each of these operations
because the longitudinal force necessary to effect staple finng is typically on the order of 250 pounds
at the staple cartridge. Further, such staplers do not have any kind of active compression indicator
that would optimizes the force acting upon the tissue that is to be stapled so that tissue degradation
does not occur.

One hand-powered, intraluminal anastomotic circular stapler is depicted, for example, in U8,
Patent No. 5,104,025 to Main et al., and assigned to Ethicon. Main et al. is hereby incorporated

herein by reference in ifs entirety. As can be seen most clearly in the exploded view of FIG. 7 in
3 3 3 P
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Main et gl., a trocar shaft 22 has a distal indentation 21, some recesses 28 for aligning the trocar
shatt 22 to serrations 29 in the anvil and, thereby, align the staples with the anvils 34, A trocar tip 26
is capable of puncturing through tissue when pressure is applied therete. FIGS. 3 to 6 in Main et al.
show how the circular stapler 10 functions to Join two pieces of fissue together. As the anvil 30 18
moved closer to the head 20, interposed tissue 1s compressed therebetween, as particularly shown in
FIGS. S and 6. If this tissue is overcompressed, the surgical staphing procedure might not succeed,
Thus, it 13 desirable 1o not exceed the maximum acceptable tissue compression force. The
mterposed tissue can be subject 1o a range of acceptable compressing force duning surgery. This
range s known and referred to as optimal tissue compression or OTC, and is dependent upon the
type of tissue being stapled. While the stapler shown in Main et al. does have a bar indicator that
displays to the user a safe staple-tiring distance between the anvil and the staple cartridge, it cannot
indicate 10 the user any level of compressive force being imparted upon the tissue prior to stapling.
it would be desirable to provide such an indication so that over~compression of the tssue can be

avoided.

BDisclosure of lovention

The mvention overcomes the above-noted and other deficiencies of the prior art by providing
a electrically self-powered surgical device that uses the self-power to effect a medical procedure.
For example, 1n a linear endocutier, the electric on-board power can position an anvil and stapler
cartridge with respect to one another about tissue to be stapled and/or cut, and, after closing the anvil
and stapler cartridge with respect to one another, firing and securing the staples at the tissue (andfor
cutting the tissue). Further, the electrically self-powered surgical device can indicate to the user a
user-pre~-defined level of compressive force being imparted upon the tissue prior to firing the staples.
The present invention also provides methods for operating the electric surgical stapling device to
staple when optimal tissue compression (OTC) exists. Further provided is a manual release device
that allows recovery from a partial actuation or a jam.

An offset-axis configuration for the two anvil and staple firing sub-assemblies creates a
device that can be sized to comfortably fit iato a user’s hand. It also decreases manufacturing
difficulty by removing previously required nested {co-axial) hollow shafts, With the axis of the
anvil sub-assembly being offset from the staple firing sub-assembly, the length of the threaded rod
for extending and retracting the anvil can be decreased by approximately two inches, thereby saving

in manufacturing cost and generating a shorter longitudinal profile,
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An exemplary method for using the electric stapler includes a power-on feature that permits
entry into a manual mode for testing purposes. In a surgical procedure, the stapler is a one-way
device. In the test mode, however, the user has the ability to move the trocar back and forth as
desired. This test mode can be disengaged and the stapler reset to the use mode for packaging and
shipment. For packaging, 1t 1s desirable (but not necessary) to have the anvil be at a distance from
the staple cartridge. Therefore, a homing sequence can be programmed to place the anvil 1 em (for
example) away from the staple cartridge before powering down for packaging and shipment. Before
use, the trocar is extended and the anvil is removed. If the stapler is being used to dissect a colon,
for example, the trocar is retracted back 1nto the handle and the handle is inserted trans-anally into
the colon to downstream side of the dissection while the anvil is inserted through a laparoscopic
incision to an upstream side of the dissection. The anvil is attached to the trocar and the two parts
are retracted towards the handle until a staple ready condition oceurs. The staple firing sequence is
started, which can be aborted, to staple the dissection and simultaneously cut ssue at the center of
the dissection to clear an opening in the middle of the circular ring of staples. The staple firing
sequence includes an optimal tissue compression {OTC) measurement and feedback control
mechanism that causes staples 1o be fired only when the compression is in a desired pressure range,
referred 1o as the OTC range. This range or value is known beforeband based upon known
characteristics of the tissue o be compressed between the anvil and staple cartridge.

Some exemplary procedures in which the electric stapler can be used include colon
dissection and gastric bypass surgeries. There are many other uses for the electric stapler in various
different technology areas.

With the foregoing and other objects in view, there is provided, in accordance with the
invention, an electrically operated surgical instrument, including a handle and a surgical end effector
having an actuation assembly operable to effect a surgical procedure when actuated, a part of the
actuation assembly operable to move between a start position and a fully actuated position. The
handle 1s connected to the end effector for actuating the actuation assembly. The handle has a self~
contained power supply disposed entirely within the handle, a drive assembly disposed entirely
within the handle and having an electrically powered motor and a controfler electrically connected to
the power supply and to the motor and selectively operating the motor, a transmission mechanically
comnecting the motor to the moving part and being operable to selectively displace the moving part
anywhere between the start and fully extended positions when the motor is operated, and a manual

release mechanically coupled to the transmission 1o selectively interrupt the transmission and, during
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interruption, displace the moving part towards the start position independent of operation of the
motor.

In accordance with another feature of the invention, the surgical end effector is surgical
hioear stapling endocutter and the moving part wcludes at least a staple-actuating and tissue~cutting
slide.

In accordance with g further feature of the mvention, the drive assembly and the transmussion
are operable o actuate a stapling-cutting feature of the endocutter.

In accordance with an added feature of the invention, the power supply is a removable
battery pack containing at least one battery.

In accordance with an additional feature of the invention, the power supply is a series
conpection of between four and six CR123 or CR2 power cells.

In accordance with yet another feature of the invention, the controller includes a multi-state
switch operable to cause rotation of the motor in a forward direction when the switch 15 1n a first
state and to cause rotation of the motor in a reverse direction when the switch 1s in a secound state.

In accordance with yet a further feature of the mvention, the transmission has a motor drive
side and an actuation drive side and the manual release is coupled therebetween.

In accordance with yet an added feature of the tovention, the manual release is mechanically
disposed in the transmission.

In accordance with yet an additional feature of the invention, the motor drive side has a series
of rotation-reducing gears including a last gear, the actuation drive side has at least one gear and a
rack-and-pinion assembly coupled to the at least one gear and directly connected 1o at least a portion
of the moving part, and the manual release is mechanically coupled between the at least one gear and
the last gear.

In accordance with again another feature of the invention, the motor has an ouiput gear and
the series of gears has a first stage coupled to the output gear.

In accordance with again a further teature of the invention, the series of gears includes first,
second, and third stages, and a cross-over gear with a shaft crossing from said motor drive side to
said actuation drive side and the cross-over gear 138 coupled to the third stage.

In accordance with again an added feature of the invention, the series of gears has a cross-
over gear with a shafl crossing from the motor drive side to the actoation drive side, the cross-over
gear is coupled to the series of gears, a castle gear is rotationally fixedly coupled about the cross-

over shaft and longitudinally translatable thereon, the castle gear having castellations extending
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towards the actuation drive side, the at least one gear of the actuation drive side includes a first
pinion having casteliation slots shaped to mate with the castellations, a bias device is disposed
between the cross-over gear and the castle gear and imparts a bias upon the castle gear towards the
actuation drive side to permit selective engagement of the castle gear with the first pinion and,
thereby, cause a corresponding rotation of the first pinton with rotation of the shaft when so engaged,
and the manual release has a release part shaped and posttioned to provide an opposing force to
overcome the bias on the castle gear and disengage the castle gear from the first pinion when the
manual release is at least partially actoated.

In accordance with again an additional feature of the invention, the at least one gear of the
actuation drive side includes a second pinion stage having a second pinion shafl, a second pinion
gear coupled to the first pinion and rotationally fixed to the second pinion shaft, and a third pinton
rotationally fixed to the second pinion shaft, the third pinion being a pinion of the rack-and-pinion
assembly and longitudinally moving a rack thereot when rotated.

In accordance with still another feature of the invention, the manual release has a rest state in
which the release part provides the opposing force at a magnitude less than the bias to the castle
gear, a first partiglly actuated state in which the release part provides the opposing force at a
magnitude greater than the bias to the castle gear and move the castellations out from the castellation
slots, and a second partially actuated state in which the manual release rotates the pinion to move the
rack fongitadinally in a withdrawing direction.

In accordance with still a further feature of the inveation, the at least one gear of the
actuation drive side includes at least one release gear and the first pimon is directly connected to the
at least one release gear to rofate the at least one release gear when rotated.

In accordance with still an added feature of the mvention, the at least one gear of the
actuation drive stde mcludes first and second stage release gears and the first pinion is directly
connected to the first stage release gear to rotate the first and second release gears when rotated.

In accordance with a concomitani feature of the invention, the manual release includes a
manual release lever rotatably connected to the handle and having a one-way ratchet assembly, and
the at feast one release gear has an axie directly connected 1o the ratchet asserably to rotale in a
corresponding manner with the lever when the lever is at least partially actuated and to rotate
mdependent of the lever when the lever is not actuated,

‘With the objects of the invention in view, there is also provided a method for operating a

surgical instrument, including the steps of mechanically coupling a manual release to a transmission
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of & surgical instrument having a setf-contained power supply disposed entirely within a handle
thereot, the transmission transiating movement of an electrically powered motor instde the handle to
movement of a part of a surgical end effector connected to the handle, the part being operable to
move anywhere between a start position and a fully actuated position, and selectively interrupting
the transmission with the manual release to move the part towards the start position independent of
motor operation.

With the objects of the invention in view, there is also provided a surgical instrument,
mcluding a method for operating a surgical instrument, including the steps of providing a surgical
end effector at a distal end of a surgical instrument handle, the end effector having an actuation
assembly operable to effect a surgical procedure when actuated, the actuation assembly having a part
operable to move between a start position and a fully actuated position, disposing a self-contained
power supply and an electrically powered motor entirelv within a handle and connecting a motor
controller to the motor and to the power supply to selectively operate the motor with the controller,
mechanically connecting the motor to the moving part through a transmission operable to selectively
displace the moving part anywhere between the start and fully extended positions when the motor 13
operated, and mechanically coupling a manual release to the transmission to selectively interrupt the
trapsmussion and, daring interruption, displace the moving part towards the start position
independent of motor operation.

Other features that are considered as characteristic for the invention are set forth in the
appended clains.

Although the mvention is llustrated and described herein as embodied in an electrically self-
powered surgical instrument with manual release, it is, nevertheless, not intended to be linuted to the
details shown because various modifications and structural changes may be made therein without
departing from the spirit of the invention and within the scope and range of equivalents of the
claims.

The construction and method of operation of the invention, however, together with additional
objects and advantages thergof, will be best understood from the following description of specific

embodiments when read 1 connection with the accompanying drawings.
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Brief Description of Drawings

Advantages of embodiments of the present invention will be apparent from the following
detailed description of the preferred embodiments thereof, which description should be considered in
corjunction with the accompanying drawings in which:

FIG. 11s a perspective view from a side of an exemplary embodiment of an electric stapler
according to the imvention;

FIG. 213 a fragmentary side elevational view of the stapler of FIG. 1 with a right half of a
handle body and with a proximal backbone plate removed;

FIG. 3 1s an exploded, perspective view of an anvil control assembly of the stapler of FIG 1

FIG. 415 an enlarged, fragmentary, exploded, perspective view of the anvil control assembly
of FIG. 3;

FIG. § is a fragmentary, perspective view of a staple firing control assembly of the stapler of
FI(. 1 from a rear side thereof’

FIG. 6 15 an exploded, perspective view of the staple fining control assembly of the stapler of
FIG. 1,

FIG. 7 is an enlarged, fragmentary, exploded, perspective view of the staple firing controd
assembly of FIG. 6;

FIG. 8 is a fragmentary, horizontally cross-sectional view of the anvil control assembly from
below the handle body portion of the stapler of FIG. 1,

FIG. 913 a fragmentary, enlarged, horizontally cross-sectional view from below a proximal
portion of the anvil control assembly FIG. 8;

FIG. 10 1s a fragmentary, enlarged, hornizontally cross-sectional view from below an
intermediate portion of the anvil control assembly of FIG. 8;

FIG. 11 1s a fragmentary, enlarged, horzontally cross-sectional view from below a distal
portion of the anvil control assembly of FIG. §;

FIG. 12158 a fragmentary, vertically cross-sectional view from a right side of a handle body
portion of the stapler of FI1G. 1;

FIG. 13 15 a fragmentary, enfarged, vertically cross~-sectional view from the night side of a
proximal handle body portion of the stapler of FIG. 12;

FIG. 14 is a fragmentary, enlarged, vertically cross-sectional view from the right side of an

intermediate handle body portion of the stapler of FIG. 12;
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FIG. 15 15 a fragmentary, further enlarged, vertically cross-sectional view trom the right side
of the infermediate handle body portion of the stapler of FIG. 14,

FIG. 10 is a fragmentary, enlarged, vertically cross-sectional view from the right side of a
distal handle body portion of the stapler of FIG. 12;

FIG. 17 1s a perspective view of a portion of an anvil of the stapler of FIG. 1;

FIG. 18 15 a fragmentary, cross-sectional view of a removable stapling assembly including
the anvil, a stapler cartridge, a force switch, and a removable cartridge connecting assembly of the
stapler of FIG. 1;

FIG. 19 18 a fragmentary, horizontally cross-sectional view of the anvil control assembly
from above the handle body portion of the stapler of FIG. 1 with the anvil rod in a fully extended
posItion;

FIG. 20 is a fragmentarv, side elevational view of the handle body portion of the stapler of
FI(r 1 irom a left side of the handle body portion with the left handle body and the civeait boacd
removed and with the anvil rod 1 a fully extended position,;

FIG. 21 15 a fragmentary, side elevational view of the handle body portion of the stapler of
FIG. 20 with the anvil rad in g 1-cm anvil closure position;

FIG. 22 158 a fragmentary, honzontally cross-sectional view of the anvil control assembly
from above the handle body portion of the stapler of FIG. 1 with the anvil red in a safe staple firing
position;

FIG. 23 is a fragmentary, horizontally cross-sectional view of the anvil control assembly
from above the handle body portion of the stapler of FIG. 1 with the anvil rod o a fully retracted
position;

FIG. 24 15 a fragmentary, horizontally cross-sectional view of the firing control assembly
from above the handle body portion of the stapler of ¥F1G. §;

FIG. 25 is a fragmentary, enlarged, horizontally cross-sectional view from above a proximal
portion of the firing control assembly of F1G. 24;

FIG. 26 1s a fragmentary, enlarged, horizontally cross-sectional view from above an
intermediate portion of the firing control assembly of FIG. 24,

FIG. 27 is a fragmentary, enlarged, horizontally cross-sectional view from above g distal
portion of the firing control assembly of FIG. 24;

FIGS. 28 and 29 are shaded, fragmentary, enlarged, partially transparent perspective views of

a staple cartridge removal assembly of the stapler of FIG. 1,
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FIG. 30 is a schematic circutt diagram of an exemiplary encryption circutt for interchangeable
parts of the medical device according to the invention;

FIG. 31 is a bar graph illustrating a speed that a pinion moves a rack shown in FIG. 32 for
various loads;

FIG. 32 1s a fragmentary, perspective view of a simplified, exemplary portion of a gear train
according to the present invention between a gear box and a rack;

FIG. 33 is a fragmentary, vertically longitudinal, cross-sectional view of a distal end of an
articulating portion of an exemplary embodiment of an end effector with the inner tube, the pushrod-
blade support, the anvil, the closure ring, and the near half of the staple sled removed,;

FIG. 34 1s a schematic circuit diagram of an exemplary switching assembly for a power
supply according to the invention;

FIG. 35 is a schematic circuit diagram of an exemplary switching assembly for forward and
reverse cootrol of a motor according to the invention,

FIG. 36 is a schematic circutt diagram of another exemplary switching assembly for the
power supply and the forward and reverse control of the motor according to the invention;

FIG. 37 is a left side elevational view of the device according to the invention with the outer
shell removed;

FIG. 38 s an enlarged left side elevational view of a portion the device of FIG. 37 with the
left side frame removed;

FIG. 3918 a right side elevational view of the device of FIGr. 37;

FIG. 40 is an enfarged nght side elevational view of a portion the device of F1G. 38 with the
right side frame removed,;

FIG. 41 15 a perspective view of the device portion of FIG. 40 from the right rear;

FIG. 42 i3 a rear elevational view of the device portion of FIG. 40;

FIG. 43 is a perspective view of the device portion of FIG. 40 from the left rear with the first
to third stage cover removed,

FIG. 44 1s a pergpective view of the device portion of FIG. 40 from above the right side with
the power supply removed;

FIG. 45 is a perspective view of the device portion of FIG. 44 with the manual release lever
m a first intermediate position with the castle gear in the separated position;

FIG. 46 1s a perspective view of the device portion of FIG. 45 with the manual release lever

in a second intermediate position;
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FIG. 47 15 a top plan view of the device portion of FIG. 40 with the manual release leverin g
third intermediate position;

FIG. 48 is an enlarged perspective view of the manual release assembly from the right side
with the second stage release gear, two cam plates, and a pawl spring removed with the pawl in an
upper, unratcheting position;

FIG. 49 15 a perspective view of the manual release tever from below a right front side;

FIG. 50 is a perspective view of the manual release lever from below a right rear side;

FIG. 51 is a perspective view of the manual release lever from below a left rear side;

FIG. 52 1s a perspective view of a cam plate from a left side;

FIG.

T

3 is a perspective view of a castie gear from a right side;
FIG. 54 15 a perspective view of a fourth stage pinion from the left side;
FIG. 55 is a perspective view of the device portion of FIG. 44 from above a front right side
with a pawl against a pawl cam;

FIG. 56 15 a perspective view of the device portion of FIG. 35 with the pawl off of the pawl
cam and against a ratchet gear and with the castle gear 1n the separated position;

FIG. 57 is a perspective view of the device portion of FIG. 44 from above a front left side
with the maoual release in an intermediate position;

FIG. 58 is a perspective view of the device portion of FIG. 57 with the manual refease in
another intermediate position,

FIG. 59 is an enfarged right side elevational view of a portion of the device of FIG. 40 with
the end eftector control handle in an unactuated position,

FIG. 60 1s an enlarged right side elevational view of a the device portion of FIG. 59 with the
end effector control handle in a partially actuated position;

FIG. 61 1s an enlarged perspective view of a shaft connector portion of the device of FIG. 37
from above the front right side with a removable end effector shaft secured in a frame;

FIG. 62 15 an enlarged perspective view of the shaft connector portion of FIG. 61 with shaft
securing device removed to permit removal of the end effector shatt from the frame;

FIG. 63 13 an elevational view of the interior of a left half of the outer shell of the device of

FIG. 37;

tad

FIG. 64 is an elevational view of the interior of g right half of the outer shell of the device of
FIG. 37,
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FIG. 65 15 an elevational view of the exterior of the right half of the outer shell of the device
of FIG. 37; and

FIG. 66 is an elevational view of the exterior of the left half of the outer shell of the device of
Fis 37

Best Maode for Carrving Qut the Invention

Aspects of the invention are disclosed in the following description and related drawings
directed to specific embodiments of the invention. Alternate embodiments may be devised without
departing from the spirit or the scope of the invention. Additionally, well-known elements of
exemplary embodiments of the invention will not be described in detail or will be omitied so as not
to obscure the relevant details of the invention.

Before the present invention is disclosed and described, it is to be understood that the
terminology used herein is for the purpose of deseribing particular emaboditoents ooly and 1s not
tntended to be luniting. It must be noted that, as used in the specification and the appended claims,
the singular forms "a," "an,” and "the” include plural references undess the context clearly dictates
otherwise.

While the specification concludes with claims defining the features of the invention that are
reparded as novel, it is believed that the invention will be better understood from a consideration of
the following description in conjunction with the drawing figures, in which like reference numerals
are carried forward. The figures of the drawings are not drawn to scale. Further, it is noted that the
figures have been created using a4 computer-aided design computer program. This program at times
removes certain structural lines and/or surfaces when switching from a shaded or colored view to a
wireframe view. Accordingly, the drawings should be treated as approximations and be used as
iHustrative of the features of the present invention.

Referring now to the figures of the drawings in detail and first, particularly to FIGS. 1102
thereof, there 1s shown an exemplary embodiment of an electiic surgical cirealar stapler 1. The
present application applies the electrically powered handle to a circular surgical staple head for sase
of understanding only. The mvention is not limited to circudar staplers and can be applied to any
surgical stapling head, such as a linear stapling device, for example. Such an exemplary
embodiment is described, in particular, starting with F1G. 37,

The powered stapler ] has a handle body 10 containing three switches: an anvil open switch

20, an anvil close switch 21, and a staple firing switch 22, Each of these switches is electrically
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connected to a circuit board 300 (see FIG. 12) having circuitry programmed to carry out the stapling
functions of the stapler 1. The circuit board 500 1s electrically connected to a power supply 660
contained within the handle body 10, One exemplary embodiment utilizes 2 to 6 Lithium CR123 or
CR2 cells as the power supply 600, Other power supply embodiments are possible, such as
rechargeable batteries or a power converter that is connected to an electric mains (in the latter
embodiment, the stapler would not be self-powered or self-contained). As used herein, the terms
self-powered or self-contained when used with regard 1o the electric power supply (600} are
mterchangeable and mean that the power supply 1s a complete and independent unit in and of tiself
and can operate under s own power without the use of external power sources. For example, a
power supply having an electric cord that is plugged into an electric mains during use is not selt-
powered or self-contained.

Insulated conductive wires or conductor tracks on the cirenit board 300 conngct all of the
electronic parts of the stapler 1, such as an onfofl switch 12, a tissue compression wndicator 14, the
anvil and finng switches 20, 21, 22, the circuit board 300, and the power supply 600, for example.
But these wires and conductors are not shown in the figures of the drawings for ease of
understanding and clarity,

The distal end of the handle body 19 1s connected to a proximal end of a rigad anvil neck 30.
Opposite this connection, at the distal end of the anvil neck 30, is a coupling device 40 for
removably attaching a staple cartridge 50 and an anvil 60 thereto. Alternatively, the staple cartnidge
50 can be non-removable in a single-use configuration of the stapler 1. These connections will be
described in further detail below.

FIG. 2 shows the handle body 10 with the right half 13 of the handle body 10 and the circuit
board 500 removed. As will be discussed below, a proximal backbone plate 70 is also removed from
the view of FIG. 2 to allow viewing of the internal components inside the handle body 10 from the
right side thereof. What can be seen from the view of FIG. 2 is that there exist two internal
component axes within the handle body 10, A first of these axes is the staple control axis 80, which
is relatively horizontal in the view of FIG. 2. The staple control axis 80 is the centesline on which lie
the components for controlling staple actuation. The second of these axes 1s the anvil control axis 90
and is disposed at an angle 10 the staple control axis 80, The anvil control axis 90 is the centerline
on which lie the components for controlling anvil actuation. It is this separation of axes 80, 90 that

allows the electric stapler 1 to be powered using a handle body 10 that is smalt enough to fitin a
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physician’s hand and that does not take up so much space that the physician becomes restricted from
movement in all necessary directions and orientations.

Shown inside the handle body 10 is the on/off switch 12 {e.g., a grenade pin) for controlling
power {e.g., hattery power) to all of the electrical components and the tissue compression indicator
14, The tissue compression indicator 14 indicates to the physician that the tissue being compressed
between the anvil 60 and the staple cartridge 50 has or has not been compressed with greater than a
pre-set compressive torce, which will be described in further detail below. This indicator 14 1s
assoctated with a force switch 400 that has been described m co-pending U.S. Patent Provisional
Application Serial No. 60/801,989 filed May 19, 2006, and titled “"Force Switch” {the entivety of
which is incorporated by reference herein).

The components along the anvil control axis 90 make up the anvil control assembly 100. An
anvil control frame 110 is aligned along the anvil control axis 90 to house andfor fix various part of
the anvil control asserably 100 thereto. The anvil control frame 110 has a proxumal mount 112, an
intermediate mount 114, and a distal mount 116, Each of these mounts 112, 114, 116 can be
attached to or tategral with the control frame 110, In the exemplary embodiment, for ease of
manufacturing, the proximal mount 112 has two halves and is separate from the frame 110 and the
intermediate mount 114 is separate from the frame 110,

At the proximal end of the anvil control assembiy 100 is an anvil motor 120, The anvil
motor 120 includes the drive motor and any gearbox that would be needed to convert the native
motor revolution speed to a desired output axie revolution speed. In the present case, the drive
motor has a native speed of approximately 10,000 rpm and the gearbox converts the speed down to
between approxunately 30 and 70 rpm at an axde 122 extending out from a distal end of the anvil
motor 120. The anvil motor 120 is secared both longitudinally and rotationally inside the proximal
mount 112,

A motor-shaft coupler 130 is rotationally fixed to the axle 122 so that rotation of the axie 122
translates into a corresponding rofation of the motor coupler 130,

Positioned distal of the coupler 130 is a rotating nut assembly 140, The nut assembly 140 is,
in this embodiment, a two part device having a proximal nut half 141 and a distal nut balf 142
rotationally and longitudinally fixed to the proximal nut half 141, It is noted that these nut halves
141, 142 can be integral if desired. Here, they are illustrated in two halves for ease of

manufacturing. The proximal end of the nut assembly 140 is rotationally fixed to the distal end of
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the coupler 130, Longitudinal and rotational support throughout the length of these two connected
parts i3 assisted by the intermediate 114 and distal 116 mounts.

A proximal nut bushing 150 (see FIG. 3) is interposed between the intermediate mount 114
and the proximal nut half 141 and a distal nut bushing 160 is interposed between the distal mount
116 and the distal nut half 142 to have these parts spin etficiently and substantiallv without friction
within the handle body 10 and the anvil control frame 110, The bushings 150, 160 can be of any
suitable bearing material, for example, they can be of metal such as bronze or a polymer such as
nvion. To further decrease the longitudinal friction between the rotating nut assembly 140 and the
coupler 130, a thrust washer 170 is disposed between the proximal bushing 150 and the proximal nut
half 141,

Rotation of the coupler 130 and nut assembly 140 is used to advance or retract a threaded rod
180, which is the mechanism through which the anvil 60 is extended or retracted. The threaded rod
180 1s shown in further detail in the exploded view of FIGS. 3 to 4 and s deseribed 1o further detail
below, A rod support 190 15 attached to a distal end of the anvil control frame 110 for extending the
supporting surfaces inside the nut assembly 140 that keep the rod 180 aligned along the anvil control
axis 90. The rod support 190 has a smooth interior shape corresponding to an external shape of the
portion of the rod 180 that passes thevethrough. This mating of shapes allows the rod 180 to move
proximally and distally through the support 190 substantially without friction. To improve
frictionless movement of the rod 180 through the support 190, in the exemplary embodiment, a
eylindrical rod bushing 192 is disposed between the support 190 and the rod 180, The rod bushing
192 1s not visible in FI1G. 2 because 1t rests mside the support 190, However, the rod bushang 192 is
visible in the exploded view of FIGS. 3 to 4. With the rod bushing 192 1 place, the internal shape
of the support 190 corresponds to the external shape of the rod bushing 192 and the infernal shape of
the rod bushing 192 corresponds to the external shape of the portion of the rod 180 that passes
therethrough. The rod bushing 192 can be, for example, of metal such as bronze or a polymer such
as nylon.

The components along the staple control axis 80 form the staple control assembly 200, The
staple control assembly 200 15 iHustrated in FIG. § viewed from a proximal upper and side
perspective. The proximal end of the staple control assembly 200 includes a stapling motor 210
The stapling motor 210 includes the drive motor and any gearbox that would be needed to convert
the native motor revolution speed to a desired revolution speed. In the present case, the drive motor

has a native speed of approximately 20,000 rpm and the gearbox converts the speed to
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approximately 200 rpm at an output axle 212 at the distal end of the gearbox., The axle 212 cannot
be seen in the view of FI(G. S but can be seen in the exploded view of FKGS. 610 7.

The stapling motor 210 is rotationallv and longitudinally fixed to a motor mount 220, Distal
of the motor mouot 220 1s an intermediate couphng mount 230, This coupling mount 230 has a
distal plate 232 that is shown, for example in FIG. 6. The distal plate 232 is removable from the
coupling mount 230 so that a rotating screw 250 can be held therebetween. It 1s this rotating screw
250 that acts as the drive for gjecting the staples out of the staple cartridge 50. The efficiency in
transferring the rotational movement of axle 212 to the rotating screw 250 is a factor that can
substantially decrease the ability of the stapler 1 to deliver the necessary staple ejection longitudinal
force of up to 250 pounds. Thus, an exemplary embodiment of the screw 250 has an acme profile
thread.

There are two exemplary wayvs described herein for efficiently coupling the rotation of the
axle 212 to the screw 250, First, the stapling motor 210 can be housed “loosely” within a chamber
defined by the handle body 10 so that it 15 rotationally stable but has play to move radially and so
that it is longitudinally stable but has play to move. In such a configuration, the stapling motor 210
will “find its own center” to align the axis of the axle 212 to the axis of the screw 250, which, in the
exemplary embodiment, is also the staple control axis 80.

A second exemplary embodiment for aligning the axle 212 and the screw 250 is illustrated in
FIGS. 1to 5, for example. In this embodiment, a proximal end of a flexable coupling 240 1s fixed
{both rotationally and longitudinally) to the axle 212. This connection is tormed by fitting the distal
end of the axle 212 inside a proximal bore 241 of the flexible coupling 240, See FIG, 12. The axie
212 15, then, secured therein with a proximal setscrew 213, The screw 250 has a proximal extension
251 that fits inside a distal bore 242 of the flexible coupling 240 and is secured therein by a distal
setscrew 252, 1t 1s noted that the figures of the drawings show the flexible couphing 240 veith ridges
in the middle portion thereof. In an exemplary embodiment of the coupling 240, the part is of
aluminum or molded plastic and has a spiral or helixed cut-out around the circumference of the
center postion thereot, In such a configuration, one end of the coupling 240 can move in any radial
direction (360 degrees) with respect to the other end (as i a gimbal), thus providing the desired flex
to efficiently align the central axes of the axle 212 and the screw 250.

The proximal extension 251 of the screw 250 is substamtially smaller in diameter than the
diameter of the bore 231 that exists 13 and through the intermediate coupling mount 230, This bore

231 has two increasing steps in diameter on the distal side thereof. The first increasing step in
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diameter 1s sized to it a proximal radius screw bushing 260, which 1s formed of a matenial that is
softer than the intermediate coupling mount 230, The proximal radius screw bushing 260 only keeps
the screw 250 axiallv aligned and does not absorb or transmit any of the longitudinal thrust. The
second increasing step o diameter is sized to fit a proximal thrust bearing 270 for the screw 250, In
an exemplarv embodiment of the thrust bearing 270, proximal and distal plates sandwich a bearing
ball retainer plate and bearing balls therebetween, This thrust bearing 270 absorbs all of the
longttudinal thrust that is imparted towards the axle 212 while the up to 250 pounds of fongitudinal
force is being applied to eject the staples in the staple cartridge 50. The proximal extension 231 of
the screw 250 has different sized diameters for each of the intertors of the screw bushing 260 and the

thrust beanng 2

=

3. The motor mount 220 and the coupling mount 230, therefore, form the two
devices that hold the flexible coupling 240 therebetween.

The rotating screw 250 is held mnside the distal plate 232 with a distal radius screw bushing
280 simular to the proximal radius screw bushing 260, Thus, the screw 250 rotates freely within the
distal plate 232, To translate the rotation of the screw 250 into a hnear distal movement, the screw
250 1s threaded within a moving nut 290, Movement of the nut 290 is Himited to the amount of
movement that is needed for complete actuation of the staples; in other words, the aut 290 only
needs to move through a distance sufficient to form closed staples between the staple cartridge 50
and the anvil 60 and to extend the cutting blade, if any, within the staple cartridge 50, and then
retract the same. When the nut 290 1s in the proximal-most position (see, e.g., F1G. 12}, the staples
are at rest and ready to be fired. 'When the nut 290 is in the distal-most position, the staples are
stapled through and around the tissue interposed between the staple cartridge 50 and the anvil, and
the knife, if any, 1s passed entirely through the tissue to be cut. The distal-most position of the nut
290 is limited by the location of the distal plate 232. Thus, the longitadinal length of the threads of
the screw 250 and the location of the distal plate 232 limit the distal movement of the nut 290,

Frictional losses between the screw 250 and the nut 290 contribute to a significant reduction
i1 the total pounds of force that can be transmitted {o the staple cartridge 50 through the cartridge
plunger 320. Therefore, 1t 1s desirable to select the materials of the screw 250 and the nut 290 and
the pitch of the threads of the screw 250 i an optimized way. It has been found that use of a low-
friction polvmer for manufacturing the nut 290 will decrease the friction enough to transmit the
approximately 250 pounds of longitudinal force to the distal end of the cartridge plunger 320 - the
amount of force that is needed to effectively deploy the staples. Two particular exemplary materials

provide the desired characteristics and are referred to in the art as DELRIN®& AF Blend Acetal {a
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thermoplastic material combining TEFLON® fibers uniformly dispersed in DELRIN® acetal resin)
and RULON® {a compounded form of TFE fluorocarbon) or other similar low-friction polymers.

A nut coupling bracket 300 is longitudinally fixed to the nut 290 so that it moves along with
the nut 290, The nut coupling bracket 300 provides support for the relatively soft, lubricions nut
material. In the exemplary embodiment shown, the bracket 300 has an interior cavity having a shape
corresponding to the exterior shape of the nut 290, Thus, the nut 290 fits snugly into the couphing
bracket 300 and movement of the nut 290 translates into a corresponding movement of the nut
coupling bracket 300. The shape of the nut coupling bracket 300 1s, in the exemplary embodiment,
dictated by the components surrounding it and by the longitudinal forces that it has to bear. For
gxample, there is an interior cavity 302 distal of the nut 290 that 1s shaped to receive the distal plate
232 therein. The nut coupling bracket 300 also has a distal housing 304 for receiving therein a
stiffening rod 310. The stiffening rod 310 increases the longitudinal support and forms a portion of
the connection between the nut 290 and a cartridge plunger 320 (see, 1e., FIG. §), which is the last
moving link between elements in the handle body 10 and the staple cartridge 50, A firing bracket
330, disposed between the distal end of the nut coupling bracket 300 and the stiffening rod 310,
strengthens the connection between the nut coupling bracket 300 and the rod 310,

Various components of the stapler 1 are connected to one another to form a backbone or
spine. This backbone is a frame providing multi-directional stability and is made up of four primary
parts {in order from proximal to distal); the anvil control frame 110, the proximal backbone plate 70
{shown in FIGS. 3 to 4 and 6 to 7), a distal backbone plate 340, and the anvil neck 30, Each of these
four parts 1s longttudinally and rotationally fixed 0 one another in this order and forms the skeleton
on which the remainder of the handle components s attached 1 some way. Lateral support to the
components is provided by contours on the inside surfaces of the handle body 10, which in an
exemplary embodiment 13 Tormed of two halves, a left half 11 and a right half 13, Alternatively,
support could be single frame, stamped, or incorporated into the handle halves 11, 13.

Functionality of the anvil control assembly 100 15 described with regard to FIGS. 1710 27,
To carry out a stapling procedure with the stapler 1, the anvil 60 is removed entirely from the stapler
1 as shown in FIG. 17, The anvil open switch 20 1s depressed to extend the distal end of the trocar
tip 410 housed within the staple cartridge and which is longitudinally fixedly connected to the screw
250, The point of the trocar tip 410 can, now, be passed through or punctured through tissue that is
to be stapled. The user can, at this point, replace the anvil 60 onto the trocar tip 410 from the

opposite side of the tissue (see FIG. 18) and, thereby, fock the anvil 60 thereon. The anvil closed
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switch 22 can be actuated 1o begin closing the anvil 60 against the staple cartridge S0 and pinch the
tissue therebetween within an anvil-carfridge gap 62.

To describe how the trocar tip controlling movement of the anvil 60 occurs, reference is
made to FIGS. 810 10, 14 1o 15, and 18, As shown in dashed lines i FIG. 15, a rod-guiding pin 143
1s positioned within the central bore 144 of the distal nut half 142, As the threaded rod 18015
screwed into the rotating nut 140, 141, 142, the pin 143 catches the proximal end of the thread 182 to
surround the pin 143 therein. Thus, rotation of the mut 140 with the pin 143 inside the thread 182
will cause proximal or distal movement of the rod 180, depending on the direction of nut rotation.
The thread 182 has a variable pitch, as shown in FIGS. 14 to 15, to move the anvil 60 at different
tongitudinal speeds. When the pin 143 is inside the longer (fower) pitched thread portion 183, the
anvil 60 moves longitudinally faster. In comparison, when the pin 143 is inside the shorter (higher)
pitched thread portion 184, the anvil 60 moves longitudinally slower. 1tis noted that the pin 143 1
the only portion contacting the thread 182 when in the longer pitched thread portion 183, Thus, the
pin 143 15 exposed to the entive longitudinal force that is acting on the rod 180 at this point in time.
The pin 143 135 strong enough to bear such forces but may not be sufticient to withstand all
tongitudinal force that could occur with anvil 60 closure about interposed tissue.

As shown 1 FIG. 14, the rod 180 15 provided with a shorter pitched thread portion 184 to
engage in a corresponding internal thread 145 at the proximal end of the central bore 144 of the
proximal nut halt 141, When the shorter pitched thread portion 184 engages the internal thread 145,
the entire transverse surface of the thread portion 184 contacts the internal thread 145, This surface
contact is much larger than the contact between the pin 143 and any portion of the thread 182 and,
therefore, can withstand all the {ongitudinal force that occurs with respect to anvil 60 closure,
especially when the anvil 60 is closing about tissue dunng the staple firing state. For example, in the
exemplary embodiment, the pin 143 bears up to approximately 30 to 50 pounds of longitudinal
force. This is compared to the threads, which can hold up to 400 pounds of longitudinal force — an
atmost 10-to~1 difference.

An alternative exemplary embodiment of anvil control assembly 100 can entirely remove the
complex threading of the rod 180, In such a case, the rod 180 has a single thread pitch and the anwil
motor 120 15 driven (through corresponding programming in the circuit board 500) at different
speeds dependent upon the longitudinal position of the single-thread rod 180,

In any embodiment for driving the motors 120, 210, the control programming can take many

forms. In one exemplary embodiment, the microcontrolier on the battery powered circuit board 500
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can apply pulse modulation {e.g., pulse-width, pulse-frequency ) to drive either or both of the motors.
Further, because the stapler 1 is a device that has a low duty cycle, or is a one-use device,
components can be driven to exceed acceptable manufacturers” specifications. For examiple, a gear
box can be torqued bevond its specified rating. Also, a drive motor, for example, a & volt motor, can
be overpowered, for example, with 12 volts.

Closure of the anvil 60 from an extended position to a position in which the tissue i not
compressed or is just slightly compressed can occur rapidly without causing damage to the
mterposed tissue. Thus, the longer-pitched thread portion 183 allows the user to gquickly close the
anvit 60 to the tissue in a tissue pre-compressing state. Thereafter, it is desirable to compress the
tissue stowly so that the user has control to avoid over-compression of the tissue. As such, the
shorter pitched thread portion 184 is used over this latter range of movement and provides the user
with a greater degree of control. During such compression, the force switch 400 seen in FIG. 18 and
described in co-pending U8, Patent Provisional Application Serial No. 60/801,989 can be used to
indicate to the user through the tissue compression indicator 14 (and/or to the control circuitry of the
cirewit board 500} that the tissue is being compressed with a force that 15 greater than the pre-load of
the spring 420 inside the foree switch 400, 1t is noted that FIG. 18 ilustrates the force switch 400
embodiment o the normally-open configuration deseribed as the first exemplary embodiment of
U.S. Patent Provisional Application Serial No. 60/801,989. A strain gauge can also be used for
measuring tissue compression,

FIGS. 19 to 23 illustrate movement of the rod 180 from an anvil-extended position {see
FIGS. 19 to 20), to a T-cm-closure-distance position {see FIG. 21), to a staple-fire-ready position
{see ¥I1G. 22), and, hinally, to an anvil fully closed position {see FIG. 23). Movement of the rod 180
is controlled electrically (via the circuit board 500) by contact between a portion of a cam surface
actuator 185 on the rod 180 and actuating levers or buttons of a series of micro-switches positioned
in the handie bodv 10

A rod-fully-extended switch 610 {see FIG. 19) is positioned distal in the handie body 10 to
have the actuator 185 compress the activation lever of the rod-fullv-extended switch 610 when the
rod 180 {and, thereby, the anvil 60} is m the fully extended position. A 1-cm switch 612 is
positioned 1 an intermediate position within the handle body 10 (see FIGS. 20 to 21) to prevent a 1-
cm cam surface portion 186 of the rod 180 from pressing the activation button of the 1-cm switch
612 when the rod 180 (and, thereby, the anvil 60} is within 1 cm of the fully closed position. After

passing the 1-cm closure distance, as shown in FIG. 22, the cam surface actuator 185 engages a



D
L

WO 2009/046394 PCT/US2008/078876

20

staple-fire-ready switch 614, The lower end of the actuator 185 as viewed in FIGS. 22023 has a
bevel on both the forward and rear sides with respect to the button of the staple-fire-ready switch
014 and the distance between the portion on the two bevels that actuates the button (or, only the flat
portion thereof) corresponds to the acceptable staple forming range {(i.e, safe finng length) of the
staples i the staple cartridge 50, Thus, when the button of the staple-fire-ready switch 614 15
depressed for the first time, the distance between the anvil 60 and the staple cartridge 50 15 at the
fongest range for successfully firing and closing the staples. Whitle the button is depressed, the
separation distance 62 of the anvil 60 (see FIG. 18) remams within a safe staple-firing range.
However, when the button of the staple-fire-ready swifch 614 is no longer depressed -- because the
actuator 183 is positioned proximally of the bution, then staples will not fire because the distance is
too short for therapeutic staphing. FIG. 23 show the rod 180 in the proximal-most position, which is
indicated by the top end of the actuator 185 closing the lever of a rod fully-retracted switch 616,
When this switch 616 1s actuated, the programmiog in the circuit board 500 prevents the motor 120
from turning in a rod-retraction direction; in other words, 1t is a stop switch for retracting the rod 180
in the proximal direction.

1t 15 noted that FIGS. 210 3, 11 to 12, and 16 illustrate the distal end of the rod 180 not being
connected to another device at is distal end (which would then contact the proximal end of the force
switch 400). The connection band or bands between the distal end of the rod 180 and the proximal
end of the force switch 400 are not shown in the drawings only for clarity purposes. It an exemplary
embodiment, the pull-bands are flat and flexible to traverse the curved underside of the cartridge
plunger 320 through the anvil neck 30 and up to the proximal end of the force switch 400, Of
course, if the force switch 400 is not present, the bands would be connected to the proximal end of
the trocar tip 410 that releasably connects to the proximal end of the anvil 60.

Functionality of the staple control assembly 200 is described with regard to FIGS. 12 to 16
and 24 to 27, in particular, to FIG. 24, The stapling motor 210 is held between a motor bearing 222
and a motor shaift cover 224, The axie 212 of the stapling motor 210 is rotationally convected to the
proximal end of the flexible coupling 240 and the distal end of the flexible coupling 240 is
rotationally connected to the proximal end of the screw 250, which rotates on bearings 260, 270, 280
that are disposed within the intermediate coupling mount 230 and the distal plate 232, The
tongitudinally transiating nut 290 15 threaded onto the screw 250 between the coupling mount 230
and the distal plate 232, Therefore, rotation of the axle 212 translates into a corresponding rotation

of the screw 250.
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The nut coupling bracket 300 is longitudinally fixed to the nut 290 and to the stiffening rod
310 and the finng bracket 330, The firing bracket 330 i3 longitudinally fixed to the cartridge plunger
320, which extends {through a non-illustrated staple driver) up to the staple cartridge 50 (or to the
staples). With such a connection, longitudinal movement of the nat 290 translates into a
corresponding longitudinal movement of the cartridge plunger 320, Accordingly, when the staple
firing switch 22 1s activated, the stapling motor 210 1s caused to rotate a sufficient number of times
so that the staples are completely fired from the staple cartridge 50 (and the cutting blade, if present,
1s extended to completely cot the tissne between the anvil 60 and the staple cartridge 50).
Programming in the circuitry, as described below, then causes the cartridge plunger 320 to retract
after firing and remove any portion of the staple finng parts and/or the blade within the staple
cartridge 50 from the anvil-cartridge gap 62.

Control of this stapling movement, again, oceurs through micro-switches connected to the
cireuntt board 500 through electrical connections, such as wirves. A first of these control swilches, the
proximal staple switch 618, controls retraction of the staple control assembly 200 and defines the
proximal-most position of this assembly 200, To actuate this switch, an actuation plate 306 1s
attached, in an adjustable manner, o a side of the nut coupling bracket 300, See, c.g, FIGS. 6 and
24, As such, when the nut 290 moves proximally to cause the plate 306 on the nut coupling bracket
300 to activate the proximal staple switch 618, power to the stapling motor 210 is removed to stop
further proximally directed movement of the staple control assembly 200

A second of the switches for controliing movement of the staple control assembly 200 is
tocated oppostie g distal transverse surface of the stiffening rod 310, See, e.g FIG 27, Atthis
surface 1s disposed a longitudinally adjustable cam member 312 that contacts a distal staple switch
620. In an exemplary embodiment, the cam member 312 is a screw that is threaded into a distal bore
of the stiffening rod 310, Accordingly, when the nut 290 moves distally to cause the cam member
312 of the suffening rod 310 1o activate the distal staple switch 620, power to the stapling motor 210
15 removed to stop further distally directed movement of the staple control assembly 200

FIGS. 28 and 29 illustrate a removable connection assembly to permit replacement of a
different staple cartridge 60 on the distal end of the anvil 30.

The proximal-most chamber of the handle body 10 defines a cavity for holding therein a
power supply 600. This power supply 600 is connected through the circuit board 500 to the motors

120, 210 and to the other electrical components of the stapler 1.



)
P

Ll

(-

WO 2009/046394 PCT/US2008/078876

The electronic components of the stapler 1 have been described in general with respect to
control through the circuit board 300, The electric stapler 1 includes, as set forth above in an
exemplary embodiment, two drive motors 120, 210 powered by batteries and controlled through
pushbuttons 20, 21, 22, The ranges of travel of each motor 120, 210 are controlled by limit switches
610, 616, 618, 620 at the ends of travel and at intermediary locations 612, 614 along the travel. The
togic by whach the motors 120, 210 are controlled can be accomplished in several ways. For
example, relay, or ladder fogic, can be used to define the control algorith for the motors 120, 210
and switches 610, 612 614, 616, 618, 620, Such a configuration is a simple but imited controd
method. A more flexible method employs a microprocessor-based control system that senses switch
inputs, locks switches out, activates indicator lights, records data, provides andible feedback, drives
a visual display, queries identification devices (e.g., radio frequency identification devices (RFIDs)
or eryptographic identification devices), senses forces, communicates with extemnal devices,
monitors battery life, ete. The mucroprocessor can be part of an integrated circuti constructed
specifically for the purpose of interfacing with and controlling complex electro-mechanical systems,
Examples of such chips include those offered by Atmel, such as the Mega 125, and by PIC, such as
the PIC 16F684.

A software program is required to provide control mstructions to such a processor. Once
fullv developed, the program can be written to the processor and stored indefinitely. Such a system
makes changes to the control algorithin relatively simple; changes to the software that are uploaded
to the processor adjust the control and user interface without changing the wiring or mechanical
fayout of the device.

For a disposable device, a power-on event is a one time occurrence. In this case, the power-
on can be accomplished by pulling a tab or a release that is permanently removed from the device.
The removal enables battery contact, thus powering on the device.

In any embodiment of the device, when the device is powered on, the control program beging
o execute and, prior to enabling the device for use, goes through a routine that ensures awareness of
actual positions of the extendfretract and tiring sub-assemblies, referred 1o as a homing routine. The
homing routine may be executed at the manufacturer prior to shipping to the user. In such a case,
the homing routine is performed, the positions of the assemblies are set, and the device is shipped to
the user in a ready-to-use condition. Upon power-up, the device verifies its positions and is ready to

use.
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Visual indicators (e.g., LEDs) are used to provide feedback to the user. In the case of the
pushbution switches 20, 21, 22, they can be fit (or backlit) when active and unlit when not active.
The indicators can blink to convey additional information to the user. In the case of a delaved
response afier a button press, a given hight can blink at an ever-increasing rate as the response
becomes imnunent, for example. The indicators can also light with different colors to indicate
vartous states.

Cams are used in various locations at the stapler 1 to activate Hmit switches that provide
position information to the processor. By using linear cams of various fengths, posttion ranges can
be set. Alternatively, encoders can be used wstead of limit switches (absolute and incremental
positioning). Limit switches are binary: off or on. Instead of binary input for position information,
encoders {such as optical encoders} can be used to provide position information. Another way to
provide position feedback includes mounting pulse generators on the end of the motors that drive the
sub-assemblies. By counting puises, and by knowing the ratio of motor turns to linear travel,
absolute position can be derived.

Use of a processor creates the ability to store data. For example, vital, pre-loaded
information, such as the device serial number and software revision can be stored. Memory can also
be used to record data while the stapler 1 1s in use. Every button press, every limit swilch transition,
every aborted fire, every completed fire, etc., can be stored for later retrieval and diagnosis. Data
can be retrieved through a programming port or wirelessly. In an exemplary embodiment, the device
can be put into diagnostic mode through a series of button presses. In this diagnostic mode, a
technictan can query the stapler 1 for certain data or to transmit/output certain data, Response from
the stapler 1 to such a query can be in the form of blinking LEDs, or, in the case of a device with a
display, visual character data, or can be electronic data. As set forth above, a strain gauge can be
used for analog output and to provide an acceptable sirain band. Aliernatively, addition of a second
spring and support components can set this band mechanically.

An exemplary controf algorithm for a single fire stapler 1 can include the following steps:

o

Power on.

o Venty home position and go to bome position, 1f necessary/desired.

< Enable extendiretract buttons (1it) and disable (undit) staple fire button.

¢ Enable staple fire button only after full extension (anvil removal) and
subsequent retraction with extend/retract buttons remaining enabled.

o Upon actuation of staple fire button, retract anvil until force switch is activated.
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o Begin countdown by blinking fire button LED and increase blink rate as firing
cycle becomes imminent. Continue monitoring of force switch and retract
anvil so that force switch remains activated.

o During staple fire cycle, any button press aborts staple fire routive,

o

If abort occurs before staple finng motor 15 activated, firing cycle stops, anvil
1s extended to home postiion, and staple fire button remains active and ready
for a re-tire.

o Altemnatively, if the abort occurs during movement of firing motor, firing cvcle
stops, firtng motor is retracted, anvil is returned to home posttion, and firing
button is rendered inactive.  Accordingly, stapler (or that staple cartndge)
cannot be used.

After countdown to fire is complete, staple range limit switch is queried for

oy

position. If staple range lmit switch 1s activated - meaning that anvil 1s within
an acceptable staple firing range -- then staple finng motor 15 activated and
firing cycle proceeds. It staple range it switeh is not activated, then firing
cyvele is aborted, anvil is returned to home position, and staple firing button

remains active ready for a re-fire attempt,

O

After a completed staple firing, anvil remains in closed position and only the
extend button remaing active.  Once anvil is extended to at least the home
position, both extend and retract buttons are made active. Staple fire button

remains tnactive after a completed staple firing.

Throughout the above exemplary cvcle, button presses, switch positions, aborts, and/or fires can be
recorded,

In a surgical procedure, the stapler is a one-way device. In the test mode, however, the test
user needs to have the ability to move the trocar 410 and anvil 60 back and forth as desired. The
power-on feature permits entry by the user into a manual mode for testing purposes. This test mode
can be disengaged and the stapler reset to the use mode for packaging and shipment.

For packaging, it is desirable (but not necessary) to have the anvil 60 be disposed at a
distance from the staple cartridge 50, Therefore, a homing sequence can be programmed to place the
anvit 60 one centimeter {for example) away from the staple cartridge 50 before powering down for

packaging and shipment.
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When the electric stapler s unpackaged and ready to be used for surgery, the user wins the
stapler on {switch 12). Staples should not be altowed to fire at any time prior fo being in a proper
staple-firing position and a desired tissue compression state. Thus, the anvil/trocar extend/retract
function is the only function that is enabled. In this state, the extend and retract buttons 20, 21 are it
and the staple firing switch 22 15 not Bt (e, disabled).

Before use inside the patient, the trocar 410 15 extended and the anvil 60 1s removed. If the
stapler is being used to anastomose a colon, for example, the trocar 410 is retracted back into the
anvii neck 30 and the staple cartridge 50 and anvil neck 30 are inserted trans-anally into the colon to
a downstream side of the dissection. The anvil 60, in contrast, 1s inserted through an upstream
laparoscopic incision and placed at the upstream side of the dissection. The anvil 60 is attached to
the trocar 410 and the two parts are retracted towards the staple cartridge 50 until a staple ready
condition occurs. As set forth above, the anvil is moved to a distance that does not substantially
compress and, specifically, does not desiceate, the tissue therebetween. At this point, staple finng
can occur when desired.

The staple firing sequence s started by activating the staple tire switch 22, Staple firing can
be aborted anytime during the firing sequence, whether prior to movement (during the blanching
cycle} or during movement {whether the staples have staried to form or not). The software is
programmaed to begin a staple firing countdown sequence because it is understood that the tissue
needs 10 be compressed and allowed to desiceate before staple firtng should occur. Thus, after the
staple firing switch 22 is activated, the anvil 60 closes upon the interposed tissue and beging 10
compress the tissue. The staple firing sequence includes an optimal tissue compression (OTC)
measurement and a feedback control mechanism that causes staples to be fired only when the
compression is in a desired pressure range, referved to as the OTC range, and a sufficient time period
has elapsed to allow fluid removal from the compressed tissue, The OTC range is known
beforehand based upon known characteristics of the tissue that is to be compressed between the anvil
60 and the staple cartridge 50 {the force switch can be tuned for different tissue OTC ranges). Itis
the force switch 400 that provides the OTC measurement and supplies the microprocessor with
information indicating that the OTC for that particolar tissue has been reached. The OTC siate can
be tndicated to the user with an LED, for example.

When the firing sequence begins, the staple fire switch 22 can be made to blink at a given
rate and then proceed to blink faster and faster, for example, until firing occurs. i no abort is

triggered during this wait time, the OTC state will remain for the preprogrammed desiccation
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duration and staple filing will occur after the countdown concludes. In the example of colon
anastomosts with a circular stapler, stapling of the dissection occurs simultaneously with a cutting of
tissue at the center of the dissection. This cutting guarantees a clear opening in the middie of the
circalar ring of staples sufficient to create an opening tor normal colon behavior after the surgery 13
concluded.

As the liguid from the interposed compressed tissue is removed, the compressive force on the
tissue naturally reduces. In some instances, this reduction can be outside the OTC range. Therefore,
the program includes closed-loop anvil-compression control that is dependent upon continuous
measurements provided by the force switch 400, With this feedback, the compressed tissue 1s kept
within the OTC range throughout the procedure and even after being desiceated.

During the staple firing cvcle, any actuation of a control switch by the user can be
programmed to abort the staple five routine. If an abort occurs before the staple firing motor 210 is
activated, the firtng cycle stops, the anvil 60 15 extended to a bome position, and the staple fire
switch 22 remains active and ready for a re-fire attempt, if desired.  Alternatively, if the abort oceurs
during movement of the staple firnmng motor 210, the firing cvcle stops and the staple firing motor
210 is caused 1o extend the anvil 60 to its home position. At this point, the staple firing switch 22 is
rendered inactive. Accordingly, the stapler (or that particular staple cartridge) can no longer be used
{unless the staple cartridge is replaced).

It is noted that before a staple firing can occur, a staple range limit switch 18 gueried for
relative position of the staple cartridge 50 and anvil 60. If the staple range limit switch is activated --
meaning that anvil 60 is within an acceptable staple firing range -~ then the staple firing motor 210
can be made active and the firing cvcle can be allowed to proceed. If the staple range limit switch s
not activated, then the firing cycle is aborted, the anvil 60 1s returned to the home position, and the
staple firing switch 22 remains active and ready for a re-fire atlempt.

Powering {(also referred to as actuating, powering, controlling, or activating) of the motor
and/or the drive train of any portion of the end effector (e g., anvil or stapler/cutter) is described
herein. It 1s to be understood that such powering need not be limited to a single press of an actuation
button by the user nor is the powering of a motor limited to a single energizing of the motor by the
power supply. Control of any motor in the device can require the user to press an gctuation button 4
number of times, for example, a first time to gctuate a portion of the end effector tor a first third of
movement, a second time for a second third of movement, and a third time for a last third of

movement. More specifically for a surgical stapler, a first exemplary actuation can move the staple
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sled or blade past the lock-out, a second exemplary actuation can move the part up to the tissue, and
a third exemplary actuation can move the sled past all staples to the end of the staple cartridge.
Similarly, powering of a motor need not be constant, for example, where the motor is energized
constantly from the time that the blade begins movement until it reaches the end point of its
movement. Instead, the motor can be operated 1 a pulsed mode, a first example of which includes
periodically switching on and off the power supplied by the power supply to the motor during
actuation of an end effector function. More specifically for a stapler, the motor can be pulsed ten
times/second as the staple/cutter moves from its proximalistart position to its distal-most position.
This pulsing can be directly controlled or controlied by microprocessor, etther of which can have an
adjustable pulse rate. Alternatively, or additionally, the motor can be operated with a pulse
modulation (pulse-width or pulse-frequency), with pulses occuring at very short tume periods {e.g.,
tenths, hundredths, thousandths, or millionths of a second). Accordingly, when the power supply,
the motor, and/or the drive frain are described hereto as being powered, any of these and other
possible modes of operation are envisioned and included.

After a completed staple firing, the anvil 60 remains in the closed position and only the
extend switch 20 remains active (all other switches are deactivated). Once the anvil 60 15 extended
to at least the bome position, both the extend and retract switches 20, 21 are made active but the
retraction switch 21 does not permit closure of the anvil 60 past the home position. The staple fire
switch 22 remains inactive after a completed staple firing.

As set forth above, the anvil neck 30 houses a Hnear force switch 400 connected to the trocar
410, This switch 400 i« calibrated to activate when a given tensile load 1s applied. The given load is
set to correspond to a desired pressure that is to be applied to the particular tissue before stapling can
occur. Interfacing this switch 400 with the processor can ensure that the firing of staples only occurs
within the OTC range.

The following text is an exemplarv embodiment of a program listing for carrying out the
methods according to the invention as described herein. The text that follows is only submiited as
exemplary and those of skill in the art can appreciate that programming the methods according to the

ivention can take many different forms to achieve the same functionality.

‘Cireular Stapler Program using the rev 3¢ board {cb280 chipset) V8.03 (TS-3¢-080306.CUL)
'8-3-06

‘Modified program to abort with only fire button, added pbeount variable

‘Added PWM ramping

7-28-00
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‘final tweaks -~ stan is now an integer etc.

"7-17-06 This version written for the 3¢ board.

7-14 DEBUGGING VERSION

Program written for 3¢ board using the Cubloc 280 chipset

"Note: this program is a modified version of the ones noted below. All changes not related 1o the
addition of the E/R {imit switches

‘apply. The programs below were written to deal with the "gray logic” of the 1 oy switch. Thas
version uses

‘a limit switch at either end of the extend/retract stage.

V6.20 Final Verston of Gray Logic program as used in prototype 0, serial number 100

V.05

‘modified the extend 1o cm 1 and retract to cm 1 routines to make sure that when they are called that
they move the motor unti] the cm

'switch 1s closed; 1e; When the anvil is all the way out and the retract button is pressed, retract the
anvil uniil the cm limit switch

15 closed regardiess of whether the retract button is released before the cm switch is closed. Same
change for when the anvil s

‘extended from the 1 cm position,

‘made changes to commaents in the extend/vetract routines

¥

V6.02

‘added loop requiring the release of both buttons to exit jog routine, and a 1 second delay at the end
of jog subrouting before

'going back to main routine

reformatted datadump labels

‘added variables for high and low speed pwm values

'added extend only capability at end of completed fire to prevent crushing stapled tissue

'NOT WORKING- REMOVED added checks To ensure | cm switch Is made when extending Or
retracting from the 1 cm And fidly extended positions respectively

V6,01

'All prior versions were made for testing the program on the Cubloc development board. Al outputs
were pulled LOW. The actual device

requires all the outputs to be pulled high {(+5V}. This version is set-up to run on the actual device,
fimited the values of the EEPROM data to 255 max

‘added delays before changes in motor divection, made program run smoother

removed pwmotf commands. They were not allowing the motors 1o stay on when changing
subroutines (for some reason)

V527

‘added the recording of jou routine button presses

‘added the recording of datadump requests

V526

‘added the recording of Extend/Retract button presses

‘added serial number field 10 eeprom

'the datadump routine now keeps ranning total of data as i is read from eeprom

'V5.25 (circular-stapler-5-25 cul)

‘added code to allow storage of data each power on cycle tn eeprom

V& 24 works well, no known bugs (circular-stapler-3-24.cul)
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'KMS Medical LLC {c) 2006
"MAP

P10 Extend Button

P11 Retract Button

‘P12 Fire Button

P13 Extend Limit

P14 Retract Limit

P15 Fire Forward Limit

Ple  Fire Back Limat

P17 1 cm Limit Switch

‘P18 Staple Range Limit Switch
P19 Force Switch

P20 Extend Button LED

P21 Retract Button LED

P22 Fire Button LED

P23 Force LED {blue)

P24 Not USED

P25 Not USED

P26 Not USED

P27 Not USED

P28 Not USED

P29 Staple Range LED (green)

Const Device=ch280 'Comfile Tech. Cubloc CB280 chipset
Doy ver As String*7

ver="3C-8.03" 'set software version here

Dimn extendbutton As Byte

Pum retractbutton As Byte

Dim firebutton As Byte

Pim firstout As Byte

Dim firstback As Byte

Dim cmstatus As Byte 'lem limit switch status

Dim srstatus As Byte ‘staplerange limit switch status

Dim x As Integer

Dim powerons As Bvie 'store in eeprom address 2

Pim cvemumnifires As Byte 'store in eeprom {powerons™s)
Dim cyeabortfires As Byte 'store in eeprom {(powerons*Syt]

PCT/US2008/078876

Dim cycers As Bvte 'store in eeprom, number of cycle extend/retract presses

Dint cyciogs As Byte

Dim arm As Byte

Dim conpletefire As Byte
Dim staplerangestatus As Byte
Dim bail As Byte

Dim ds As Integer 'eeprom data start Jocation for individual cycle data writing

D fast As Integer
Dint slow As Integer
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Dim extendonly As Byte
Dim extlimit As Byte
Dimt rethmit As Byte
DPim speed As Integer
Dim dracula As Byte

‘initalize outputs

Out 20,0 'extend button LED
Out 21,0 'retract button led
Ot 22,0 fire bution led

Out 23,0 force led

Out 29,0 'staple range led

inttialize variables

firstout=0

tirstback=0

completefire=0

arm=0

bail=0

cycnumfires=0

cycabortfires=0

cycers=(0

cyejogs=0

extendonly=0

'CHANGE PWM VALUES HERE
fast=60000 'highspeed pwm value

slow==00000 Towspeed pwm value
speed=()

Qutput 5 ‘turns on pwm output for PINCH
Output 6 'turns on pwm output for FIRE

‘read totals from eeprom
powerons=Eeread(2, )

Incr powerons ‘increment total power on number

byte max

Eeverite 2 powerons, 1 ‘write total power on number to eeprom

ds=powerons™5

JOG and DATADUMP Check

"push any button within 2 (or s0) seconds to go to jog routine

‘hold all three buttons on at startup to dump the data
Forx=1To 50

If Keyin{10,20)=0 And Keyin{11,20)=0 And Keyin{12

sy 2

3

20)y=0 Then

PCT/US2008/078876
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datadump “write all stored data to the debug screen

Exit For

Elsetf Keyin(10,20y=0 Or Keyin{11,20)=0 Or Keyin{12,20y=0 Then 'either ¢/t button or the
fire button pressed

jog

Exit For

End If

Delay 20

HOMING SEQUENCES

emstatus=Keyin(17,20) ‘read the status of the lom limit switch

if emstatus=0 Then
homeretract
Elseif cmstatus=1 Then
homeextend
End If

Retarn five motor to back position
homefire 'this returns the fire motor to the full retracted condition (P6 Himit switch)

e i A e A A et AR e R A R R R S RS TR E R AR S TR R R B R A P R A E s g
Aokl ek

Maint Loop

CEEREAARRE R ERRAARIFERRRANIPEFARANF IR FRARF G ER A AR RS ERRAAD G ERRAARRTRER AR RN NG ERRAAR

Aol R

Do
"Debug "Main Loop” Cr
Delay 10600

cmstatus=Keyin{17,20) read the 1 cm switch
staplerangestatus=Keyin{5,20) ‘read the staplerange limit switch

extendbutton=Kevin{10,20}
retractbutton=Kevin{11,20)
firebutton=Keyin(12,2¢)

If crstatus=0 And Keyvin{13,203220 Then
Out 20,1 turn extend led on
Out 21,1 'turn retract led on
Elseit crustatus=0 And Keyin(13,20)=0 Then
Out 20.0 'turn off extend led because extend limit met
Out 21,1 turn on retract it
Eilsetf cmstatus=1 Then
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Qut 20,1
Out 21,0
End If
3 'check firebutton led status
If firstout=] And firstback=1 And arm=1 And completefire<>>] And cmstatus<>0 Then
Out 22,1 'turn on fire button lad
Else
Out 22,0 turn off fire led
10 End If
‘check for extend retract button press
If extendbutton=0 And cmstatus=0 Then
extend
s Elsetf cmstatus=1 And extendbutton=0 Then
extend
End If
It refractbutton=0 And cmstatus=0Q Then  'And extendonly=0
20 retract
End If
‘check for firebutton press
It firebutton=0 And firstour=1 And firstback=1 And are=1 And completefire<>1 And
25 cmstatus<>0 Then initaifire
Loop keep looping it powerdown
End 'End of program
30
Pk dedok ok o ok b ok dk b ok ok b ok b ok dk b ok ok o ok b ek
' SUBROUTINES
KRR

IEER R B EEREEESREREEERT EEEEREEEEEREERER T ESEEEEEE SRR REEEEREEEERE B EEEEE RS TR

¥

HOME: retract to om switch=not pressed
40
Sub homeretract() retract until 1 cm switch 13 open
‘Debug "Homeretract" Cr
"Delay 1000
Pwm O.slow, 60000
45 Do Untl Keyin{17,20)=1 retract until 1 cm switch is open
Out 31,1 'ER motor reverse

Loop
Out 31,0 'er motor off
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Out 21,0 turn retract led Off
Out 20,1 turn extend fed On
Pwmoff 0 'tum pwm off
End Sub

T

HOME: extend to cm switch=pressed

¥

Sub homeextend() 'extend until 1 em switch is closed
Debug "Homextend", Cr
Delay 1000

Pwm 0,stow, 60000

if Keyin(17,20)=1 Then
Do Until Keyin(17,20)=0 'now the | cm switch is pressed

Gut 30,1 "ER motor forward DDD

Loop

End If

Out 30,0 'DDD

Pwmott

Delay 300

homeretract ‘once the swiich is made, call homeretract

Ead Sub

¥

'Fire motor homing routine

¥

Sub homefire()
Debug "Hometire",Cr
PDelay 1000

Pwm 1 slow, 60000

Do Untit Keyin(16,20)=0 retract firing stage until back switch is closed
Out 33,

Loop

QOut 33,0

Pwmoft

End Sub

t

G Routine
Sub jog()
Out 201

Cut 21.1

Do

Delay 25

PCT/US2008/078876
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I Kevin{10,20%=0 And Kevin{11,20¥=0 Then Exit Do 'if both buttons pressed, exit jog
routing and start homing routine after 1 second delay

If Keyin{10,20)=0 And Keyin{11,205>0 And Keyin{12,20)0 Then
Pwm 0, slow, 60000
‘Out 30,1 ‘extend motor forward
Do Until Keyin(10,200<30 Or Kevin{13,20)=0
Out 30,1 ‘extend motor on forward DDD
Loop
Out 30,0 'extend motor off forward DDD
Pwmoff ¢
Iner cycjogs
iIf cvcjogs>=255 Then cycjogs=255
Fewrite ds+3 Lyejogs, 1
End If

If Kevin{11,20)=0 And Kevin{10,20y0 And Keyin(12,20)<>0 Then
Pwm 0,slow, 60000
Do Until Kevin(11,20)<>0 Or Keyin(14,20)=0
Out 31,1 'extend motor reverse
Loop
Out 31,0 'extend motor off reverse
Pwmoff 0
Incr cvcjogs
If evejogs>=255 Then cycjogs=235
Bewrite ds+ 3.evejogs, |
End I

I Kevin{12,20=0 And Kevin{10,20)=0 Then Yog the fire motor forward
Pwm 1 slow 60000
Do Until Kevin(10,20320 Or Keyin{ 12,2020 Or Keyin(15,20y=0
Out 32,1 'fire motor forward
L.oop
Out 32,0 'fire motor off forward
Pwmoft 1
Incr eyeje g,
If eyejogs==235 Then cycjogs=235
Bewrite ds+3,cyejogs, |
End If

It Keyin(12 200 And Keyin{1 {200 Then jog the fire motor reverse
Pwm 1,slow 60000
Do Until Keyi{11,203320 Or Keyin{12,2030 Or Keyin{ 16,20)=0
Out 33,1 'fire motor reverse
Loop
Out 33,0 'fire motor off reverse
Pwmoft 1
Incr cyeiogs



WO 2009/046394 PCT/US2008/078876

35

If cycjogs»=255 Then cyejogs=255
Eewrite ds+3,cycjous, |
End If

L5

Loop

Do Until Keyin{10,20=1 And Keyin{11,20)=1 'let off both buttons before exiting jog routine
Delay 10
Loop
10 Out 20,0 'turn on ey button leds
Out 21.0
Delay 1000
End Sub

s
Extend until extend limit is met
r
Sub extend()
Out 22,0 "turn off five button ted while extending
20 Out 21,0 'turn off retract button led while extending

Pwm 0 fast, 60000
Do Until Keyin(10,20)=1 Or Keyin{13,20)=0 ‘extend until either the extend limit is closed or the
extend button is released

25 Out 30,1 'ER motor forward DDD
Loop
Out 30,0'DDD

If firstout=0 Then  'this will keep the extend motor going on the first extension until the anvil 15
30 all the way out
Do Until Kevin{13,20)=0
Out 30,1 'DDD

Loop
End If

35 Cut30,0'DDD
Pwmott

iner cycers
iIf eycers>=255 Then cycery=235
Eewrite ds+2 cycers, ]
40 IF Keyin{13,20)=0 Then
firstout=] 'set the firstout flag to enable fire button
Qut 20,0 turn off extend led
End If
End Sub
45

3

Retract until con switch s open

t
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Subr retract()
Out 22,0 'turn off fire button {ed while retracting
Out 20,0 'turn off extend button led while retracting

Pwm 0 fast, 60000
Bo Until Keyin(11.20)=1 Or Kevin{17,20)=1 ‘retract until erther the Tem switch goes open or the
extend button is released
Gut 31,1 'ER motor reverse
Loop
Out 31,0
Pwmoft 0
Incr cycers
If cycers»>=235 Then cycers=233
Eewrite ds-+2,cycers, ]
If Keyin{17,20)=1 Then

firstback=1

Out 21.0 ‘turn retract led off

End If

If firstout=1 And firstback=1 Then arm=1 'set the arm Hag to arm the fire button

End Sub

T

'DATADUMP Routine

Sub datadump(}

Doy chef As Byte

Dum tf As Byte 'total fires
Dimn ta As Byte total aborts
Dun ers As Infeger

Dint tf As Byte

Pim tdd As Byte

Dim stan As Integer

Dim kvle As Byte

Dim token As Byte

Dim ike As Byte

Pim kenny As Bvie
Pimosn As Byte

=0
ta=0
ers=(
=0
tdd=0

Eewrite ds+4,1,1 'write 1 o the ds-+4 eeprom register denoting that datadump was accessed
Delay 1000
sn=Eeread(0,1)
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tod

Debug "Circular Stapler Stored Data”,Cr
Debug "Version "ver,Cr
Debug "KMS Medical LLC" Cr
Pebug " "Cr
Pebug Cr
Debug "Serial Number: " Dec sn,Cr
powerons=Eeread(2,1)
If powerons>=255 Then powerons=253
Debug "Total Cycles: ", Dec powerons, Cr
Pebug Cr
Debug " “Cr
Debug Cr
For stan=3 To (powerons*5} Step §
Debug "Cycle " Dec (stan/3).Cr
Debug © "Cr
chef=FKeread(stan, 1)
tf=chef+tt
Debug "Completed Fires: " Dec chef . Cr
kvle=Eeread(stan+1,1)
ta=kvletta
Debug "Aborted Fires: ", Dec kyle,Cr
token=feread(stan+2,1)
ers=token-+ers
Debug "E/Rs: ",Dec token,Cr
tke=Eeread{stan+3,1)
fi=ike™j
Debug "logs: " Dec ike,Cr
kenny=Eecread{stan+4,1)
tdd=kenny-+tdd
Debug "Datadumps: ", Dec kenny,Cr
Debug Cr
Next 'stan

Debug ” “Cr
Debug "Cvcle Totals",Cr

Debug Cr

Debug "Completed Fires: ",Dec if,Cr
Pebug "Aborted Fires: " Dec ta,Cr
Debug "E/R Presses: " Dec ers,Cr
Debug "Jog Presses: ", Dec 4.Cr

Debuag "Datadumps: ¥ Dec tdd,Cr
Debuag Cr

Delay 1000

Forx=1 To tf blink the number of completed firing cycles

Out 22,1
Delay 500
Out 22,0

PCT/US2008/078876
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Delay 500
Next'x
Do Until Adin{0)>800 And Keyin{3,20)=1 ‘wait until datadump buttons are released
Loop

L5

Fad Sub

t

Tratial fire
b1
10 Sub mmitialfire()
Dim 1 As Integer
Dim p As Integer
Dim t As Integer
Dim vy As Integer
15 Dim z As Integer
Pim g As Integer
D timmy As lnteger
Dim butter As Integer
Dun numblinks As Integer
20 Dim fbcourt As Integer

Pebug clr,Cr

turn off extend and retract buttons to show that they are not active for abort?
Out 20,90 'extend button
Out 21,0 'retract button

2]
Lr

bail=0
=15 'total blink time
30 p=3 'number of blink periods
Pwin 0, fast, 60000
‘start blink and adjust pinch motor to force
E={t* 1000Yp
fhcount=0

35

If Keyin(12,20¥=1 Then theount=1

Forv=i Top

numblinks= (t¥y)ip
40
For z=1 To numblinks
timmy=fnumblinks
butter=tinamy/50  ‘calibrate this to seconds

45 I timmy=0 Then timmy=1

H Keyin(12,20¥=0 And fbecount=1 Then
batl=1 'set abortlire Hag
Exit For
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End If
If Keyin{12,20)=1 Then thcount=1
Do Until Keyin(19,20)=0 Or Keyin{14,20)=0 "retract until
foree switch met or retract limit met
Qut 31,1
H Kevin{12,2050 And fbcount=1 Then
bail=1 'set abortfire flag
that Do
End If
I Kevin{12,20F1 Then fheounts]
Loop
I bail=1 Then Exit For
Qut 31,0
Out 23,1 Yforee led
Out 22,1 'fire button led
For g=0 To butter
Detlay 10
I Keyin(12,20)=0 And fheount=1 Then
bail=1] 'set aborthire flag
Exit For
End If
H Keyin{12,20y=1 Then theount=1
I Keyin{19,20)=1 Then Qut 23,0
Next'g
I bal=1 Then Exit For
Do Until Kevin{19,20)=0 Or Keyvin{14,20)=0 'retract unti} force switch met or
retract it met
Out 31,1
H Keyin{12,20)=0 And fbeount=1 Then
bail=] 'set abortfive flag
Exit Do
End If
H Keyin{12 20¥=1 Then fheount=1
Loop
Out 31,0
Out 23,1

H Kevin(12,20%0 And focount=1 Then
bail=1 'set abortfire flag
Exit For
End If
If Keyin{12,20y=1 Then theount=1

Out 22,0
For ¢=0 To butter
Delay 10
H Kevin{12,20)y=0 And tbeount=1 Then
bail=1 'set abortfire flag
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Exit For
Eand If
If Keyvin(12,203=1 Then tbeount=1

H Kevin{19.20%1 Then Out 23,0
Next'g
if bail=1 Then Exit For
‘Debug Dee? theount,Cr
if bail=1 Then Exit For

Next'y
Pwmoft ¢
if bail=1 Then
abortfire
Else
‘staplerangecheck
finalfire
Eod If
End Sub

t

'Staple Range Check Routine

t

Sub staplerangecheck()
srstatus=Keyin(29,20} ‘read the staplerange limit switch
If srstatus=0 Then
finalfire
Eise
abortfire
End If
End Sub

t

Final Fire Routine

b3

Sub finalfire()

Out 23,0 turn force led off

Out 20,0 'turn extend led off

Out 21,0 turn retract led off

Qut 22,1 "Turn on fire led to signify final fire abort ready
Pwmoll 1

Pwm 1 fast 60000

‘Ot 32,1 'ive motor forward DDD

conmpletefire=1

Do Until Keyin{15,20p=0 "fire forward until forward limit is met

PCT/US2008/078876
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If speed>=60000 Then speed=60000
If speed<60000 Then
speed=speed+10000
End If
Pwm 1,speed, 60000
Out 32,1
Delay 50
It Keyin(12,20¥0 Then 'Or Keyin(10,203=0 Or Keyvin(1 1,200
bail=1{
10 Exit Do
End If

L5

Loop
Out 32,0 'fire motor fwd off DDD

1S speed=0

Delay 250
Do Until Keyin{16,20)=0 "retract fire motor
If speed>=60000 Then speed=00000)
20 if speed<60000 Then
speed=speed+10000
End If
Pwm 1, speed, 60000
Qut 33,

25 Delay 30
Loop
speed=0

Out 33.0
Pwmott
30 Out 22,0 'turn fire led off
Out 21,0 turn off retract led
extendonly=1
Tocr evenumiires
If eyenumfires>=253 Then cyenumfires=255
Eewrite ds,cvenumfires, 1 'write the current cycle number of fires to the eeprom
Delay 200
End Sub ‘return to the main routine

Al
¥ g

T

40 'Abort fire

¥

Sub gbortfire()

Debug "Five aborted before fiing!!".Cr
45 Out 31.0 'tum retract motor off

Out 32,0 'turn fire forward off DDD

Out 23,0 'tum force led off

Pwamn 1 fast, 60000
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Delay 250

Do Until Keyin{16,207=0 "retract fire motor
Out 33,1

Loop

Out 33,

Pwmoit 1
Cut 22.0 turn fire led off

Incr cyeabortfires

If cycabortfires>=255 Then cycabortfires=255

Eewrite ds+ 1, cveaborttires, ] 'write the current cvcle abortfires to the eeprom
Delay 200

homeextend ‘extend to fem

End Sub

Also mentioned above is the possibility of using identification devices with removable and/or
interchangeable portions of the end effector. Such identification devices, for example, can be used
o track usage and wventory.

One exemplary identification device employs radio-frequency and is referred to as an RFID.
In an exemplary embodiment where a medical stapler uses re-loadable, interchangeable staple
ensure compatibility with the particular stapler and an RFID reader for sensing compatible staple
cartridges can be associated with the handle. In such a configuration, the reader interrogates the
RFID mounted in the cartridge. The RFID responds with a unique code that the stapler verifies. It
the stapler cartridge is labeled as verified, the stapler becomes active and ready for use. If the
cartridge is rejected, however, the stapler gives a rejected indication (e.g., a blinking LED, an
audible cue, a visual indicator). To avoid accidental or improper reading of a nearby staple
cartridge, the antenna of the RFID reader can be constructed to only read the RFID when the staple
cartridge is instatled in the stapler or is very nearby {optimally, at the distal end of the device). Use
of the RFID can be combined with a mechanical lockout to ensure that onlv one fire cycle is allowed
per staple cartridge. RFIDs have drawbacks because the readers are expensive, the antennas are
required to be relativelv large, and the distance for reading 1s relatively close, tvpically measured in
centimeters.

Other wireless authentication measures can be employed. Active RFIDs can be used,
Similarly, infrared (IR) transmission devices can be used. However, both of these require the

generation of power at the receiving end, which is a cost and size disadvantage.
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Ancther exemplary dentification device employs encryption. With encryption comes the
need for processing numbers and, associated with such calculations, is use of processing chips {e.g.,
a microprocessor), one of which is to be placed on the interchangeable part, such as a staple
cartridge or a replaceable end effector shaft. Such encryption chips have certain characteristics that
can be analyzed for optimization with the surgical instrument of the present invention. First, a
separate power source for the interchangeable part is not destred. Not only would such a power
source add cost, it would also add undesirable weight and take up space that is needed for other
features or is just not available. Thus, power supply to the part should come from the already
existing power supply within the handle. Also, supply of power should be insured at all times.
Because the interchangeable part is relatively small, the encrvption chip should be correspondingly
small. Further, both the handle and the interchangeable part are configured to be disposable,
therefore, both encrvption processors should have a cost that allows disposability. Finally,
connections hetween the encryption device on the interchangeable part and the corresponding
encryption device on the handle should be minimized. As will be discussed below, the encryption
device according to the present invention provides all of these desirable characteristics and limits the
undesirable ones.

BPevices for encrypted identification are commercially available. One of such encryvption
devices is produced by Dallas Semiconductor and is referred to as the DS2432 chip. The DS2432
chip not only provides encrypted identification between a reader and a transponder, but it also has a
memory that can be used to store device-specific information, which information and its uses will be
described in further detail below. One beneficial characteristic of the DS2432 is that it is a4 T-wire
device. This means that the power and both of the tnput and output signals travel on the same line.
With a l-wire device such as the DS2432, there is only the need for a single wire to traverse the
distance from the handle body 10 through the anvil neck 30 to the interchangeable staple cartridge
S0 in order to make a connection between the handle and the end effector. This configuration
satisfies the characteristic of having a minimal amount of electrical connections and has a
correspondingly reduced cost for manufacture, It is true that the DS2432 chip requires ground,
however, the metallic anvil neck 30 15 electrically conducting and 15 connected to ground of the
device 1, therefore, an exemplary embodiment for the ground connection of the DS2432 chip is
made by direct electrical contact through a tead to the neck 30 or by directly connecting the clup’s

ground to the neck 30.
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One exemplary encryption circuit configuration places g first encryption chip on the
interchangeable part {e.g., the staple cartridge). Ground for the first encryption chip is electrically
connected to a metallic portion of the interchangeable part which, in turn, is electrically connected to
around of the device, for example, to the neck 30, The I-wire connection of the DS2432 chip 15
electricallv connected to a contact pad that is somewhere on the mterchangeable part but1s
electrically disconnected from ground. For example, if the mnterchangeable part is a linear 60 mm
staple cartridge, the DS2432 can be attached to or embedded within the electrically insulated distal
end of the cartridge distal of the last staple set. The encryption chip can be embedded on a side of
the cartridge opposite the staple ejection face so that it is neither exposed to the working surfaces nor
to the exposed tissue when m use. The ground lead of the DS2432 chip can be electrically
conpected to the metallic outer frame of the staple cartridge, which is electrically connected to
ground of the stapler. The l-wire lead is electrically connected to a first conductive device {such as
a pad, a fead, or a boss) that 15 electrically insulated from the metallic frame of the cartridge. A
single electrically conductive but insulated wire is connected at the proximal end to the circuit board
or to the appropsiate control electronics within the handle of the device. This wire is insulated from
glectrical contact with any other part of the stapler, especially the grounded frame, and travels from
the handle, through the neck and up to the receiving chamber for the interchangeable part. At the
distal end, the insulated wire is exposed and electrically connected 1o a second conductive device
{such as a pad, a lead, or a boss) that is shaped to positively contact the first conductive device on the
cartridge when the cartridge is locked into place in the end effector. In such a configuration, the two
conductive devices form a direct electrical connection every time that the interchangeable part (e.g,
the staple cartridge} is inserted within the end effector; in one particular embodiment, contact can be
made only when the part is correctly inserted.

The DS2432 is also only a few square millimeters in area, making the chip easy to install on
a small interchangeable part, such as a staple cartridge, while simultaneousty satisfyving the minimal
size requirement. | is noted that the DS2432 chip 1s relatively inexpensive. To keep all
communication with the DS2432 chip hidden from outside examination, a DS2460 (also
manufactured by Dallas Semiconductor) can be used to perform a comparison of an encrypted
transmission received from a DS2432 with an expected result caleulated tnternally. The
characteristics of both of these chips are explained, for example, by Dallas Semiconductors’
Apphication Note 3675, which is hereby incorporated by reference herein in its entivety. The

DS2460 chip costs significantly more than the DS2432 chip, but is still inexpensive enough to be
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disposed along with the handle. It 1s noted that the number of disposable interchangeable parts of
medical devices (such as the surgical instrument of the present invention} typically outnumber the
handle that receives the interchangeable parts by a significant amount. Accordingly, if the DS2432
chip is placed in the interchangeable part and the DS2460 chip is placed in the handle, the low cost
encryption characteristic is satisfied. There exists an alternative circuit configuration using two
DS2432 chips that i1s explained in FIG. 2 of Application Note 3675, which circait eliminates the
need of the more expensive 282460 chip by performing the comparison with a local microprocessor
(e.g., nucroprocessor 2000). In such a configuration, the cost for adding encryption into the device 1
is reduced, however, as explained, the configuration gives up some aspects of security by making
available to mspection both mumbers that are to be compared,

The process tor electronically verifving the identity of an interchangeable part on a medical
device using encryption is described with an exemplary embodiment having one DS2432 chip and
one DS2460 chip. The exemplary control circuit for the encryption device 18 shown i FIG. 30,
This exemplary embodiment is described using a linear stapler having a handle contamning therein a
ciraut board with a microprocessor 2000, One free 1O pm 2010 of the microprocessor 2000 ts
connected to g first lead 2110 of the D82460 and another /O pin 2020 is connected to a second lead
212¢. BEach interchangeable part 2200 15 provided with a DS2432 chip and the 1-wire lead is
connected to a third 1O pin 2030 of the microprocessor 2000,

To start the process, an interchangeable part 2200 1s connected to the device, making
efectrical contact with ground and with the f-wire {ead. When the microprocessor 2000 detects that
anew part 2200 has been connected to the device 1, it runs an guthentication routine. First, the
nicroprocessor 2000 initiates a random number request to the DS2460 over the first communication
pin 2010, The DS2460 has a pre-programmed secret number that 1s the same as the pre-programmed
secret numbers stored in each of the DS2432 chips contained on the inferchangeable parts 2200,
Therefore, when the same random number is provided to both the DS2432 and the DS2460 chips,
the output result from each of the two chips will be identical. The DS2460 generates a random
number and supplies it, via the second pin 2020, to the microprocessor 2000 for forwarding, via pin
2030, on to the DS2432 over the 1-wive lead. When the DS2432 recetves the random number, it
applies its SHA-1 algorithm {developed by the National Institute of Standards and Technology
(NIST)) to cryptographically generate a hash code reply. This hash code reply is transmitted back
over the T-wire lead to the microprocessor 2000 and is forwarded, via either pin 2010 or 2020 to the

DS2460. During this period of time, the DS82460 is also calculating ts own a hash code reply. First,
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the DS2460 internally applies the same random number sent to the DS2432 to its own SHA-1
algorithm and stores, internally, the generated hash code reply. The DS2460 also stores the hash
code reply transmitted from the DS2432 through the microprocessor 2000, Both of the hash code
replies are compared and, if they are identical, the interchangeable part 2200 1s confirmed as
authenticated. If there is a difference between the hash code replies, then the part 2200 is rejected
and the device 1s placed in a state where the part 2200 either cannot be used or can be used, but only
after certain safeguards are met. For example, data regarding the time, date, environment, etc. and
characteristics of the unanthenticated part can be stored for later or simoltaneous transmission to the
manufacturer (or 1ts agent) to wform the manufacturer that the user Is attempting to use or has used
an unauthorized part 2200 with the device. If there was no encryption in the messages, the
authentication messages could be intercepted and counterfeit, pirated, or unauthorized parts 2200
could be used without having to purchase the parts 2200 from an authorized distributor. 1n the
exemplary encryption embodiment described herein, the only information that 1s transmitted across
fines that can be examined is a single random number and a single hash code reply. It is understood
that it would take bundreds of years to decrypt this SHA-1-generated reply, thus reducing any
meentive for reverse engineering.

Because the chips used in this example each have secure memories that can only be accessed
after authentication occurs, they can be programmed 1o emplov multiple secret keys each stored
within the memory. For example, if the DS2460 has multiple keys stored therein and the parts 2200
each have only one key selected from this stored set of multiple keys, the DS2460 can act as a
“master” key 1o the “general” single keys of the parts 2200,

By authenticating the interchangeable part of the surgical instrument of the present invention,
many postiive results are obtained. First, the mstrament manufacturer can prevent a user from using
unauthorized parts, thereby insuring use of only anthorized parts. Not only does this guarantee that
the manufacturer can receive rovalties from sales of the interchangeable part, but it also allows the
manufacture to insure that the quality of the surgical paris remains high. Having the encryption
cireuitry contain memory dramatically enhances the benetits provided by the present invention. For
example, i a single end effector of a linear stapler can recetve 30 nwm, 60 mm, and 120 nwn staple
cartridges, for example, each size of the cartridges could be provided with an individualized key and
the handle can be programmed to store and use each of these three keys. Upon receiving a hash code
reply that corresponds to oune, but not the other two internally calculated hash code replies, the

handle would know what kind of cartridge has been inserted in the device. Each cartridge could also
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contatn in its memaory cartridge-specific parameters, such as staple sled movement length, that are
different among the various sized cartridges and, therefore, cause the handle to behave differently
dependent upon the cartridge detected. The parameters examined can also account for revision
levels in the particular part. For example, a revision 1 cartridge could have certain parameters for
use and, by detecting that particular cartridge, programming could cause the handle to not allow use
of revision 1 cartridges but allow use of revision 2 cartridges, or vice-versa.

Having memory on the encryption chips can also allow the cartridge to keep track of other
kinds of data. For example, the cartridge can store the identity of each handle to which it was
connected, the identity of the handle that fired the cartridge, the time, date and other temporal data
when use and/or comnection occurred, how long it took to five the cartridge, how many times the
firing trigger was actuated during staple firing, and many other similar parameters. One parameter
in particular could record data when the cartridge misfires. This would allow the manufacturer to
determine if the cartridge was faulty or it user-error oceurved, for example, the [atter being
tnvestigated o assist the user with remedial measures or other training. By having memory available
at the handle, other handie-relevant parameters could be stored, for example, duration of each
procedure, speed of cach staple firing, torque generated at each firing, andfor load experienced
throughout each firing. The memory could be powered for years merely from the lithtum-based
power cells already present in the handle. Thus, longevity of handle data can be ensured. The
memory can be used to store all uses of a particular handle, along with relevant calendar data. For
example, if a handle is only certified for use in a single surgical procedure but the handle has data
mdicating that staple cartridges were fired days or weeks apart, then, when 1t was finally returned to
the manufacturer for recycling, the manufacturer could detect that the user (hospital, doctor, clinig,
ete.) was improperly and, possibly, unsafely, using the handle. Encrypted authentication can be used
with removable battery packs as well. Moreover, sensors can be added to any portion of the device
for communicating information 1o be stored within the memory of the enciyption chips. For
example, temperature sensors can transiit operating room temperature existing when the cartridge
was fired. This temperature reading can be used to deternune if later infection was caused by
mmproper temperature control extsting during the procedure {e.g., in countries where air-conditioning
15 not available).

in the unlikely event that the stapler becomes inoperable during use, a2 mechanical override or
bail-out is provided to allow manual removal of the device from the patient. All bailout uses can be

recorded with the memory existing on these encryption chips. Furthermore, data that could indicate
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why bailout was necessary could be stored for later examination. For quality assurance, when
bailout is detected, the handle can be programmed to indicate that a cerfified letter should be sent to
the customer/user informing them of the bailout use.

As deseribed above, the present invention is not hmited {o a ciccular stapler, which has been
used as an exemplary embodiment above, and can be applied to any surgical stapling head, such asa
tinear stapling device, for example. Accordingly, a linear stapler is being used in the text that
follows for various exemplary embodiment. However, use of a Hagar stapler in this context should
not be considered as limited only thereto.

Described above are components that exist along the staple control axis 80 of hnear and circular
staplers and these components form the staple control assembly 200, As set forth therein, the
required force for proper staple gjection and tissue cutting can be over 200 pounds and, possibly, up
to 250 pounds. It has been determined that minimum requirements for carrying out the desired
staphing and cutting functions with a linear electric surgical stapler for hurman fissue (such as colon
tissue, for example) are:

B delivering approximately 54.5 kg {120 pounds) of force over a stroke of about 60 mm

(--2.47} in approximately 3 seconds; or
2) delivering approximately 82 kg {180 pounds) of force over a stroke of about 60 rom
{(~2.47} in approximately 8 seconds.
The electric-powered, hand-held linear surgical stapling device of the present imnvention can meet
these requirements because 1t is optimized in a novel way as set forth below.

To generate the force necessary to meet the above-mentioned requirements, the maximum
power (in watts} of the mechanical assembly needs to be calculated based upon the maximum limits
of these requirements: 82 kg over 60 mm in 3 seconds. Mathematical conversion of these figures
generates an approximate maximum of 16 Watts of mechanical power needed at the output of the
drive train. Conversion of the electrical power into mechanical power is not 1:1 because the motor
has less than 100% efficiency and because the drive frain also has {ess than 100% efficiency. The
product of these two efficiency ratings forms the overall efficiency. The electrical power required to
produce the 16 Watts of mechanical power 15 greater than the 16 Watts by an inverse product of the
overall efficiency. Ounee the required electrical power can be determined, an exanunation of
available power supplics can be made to meet the mimimum power requirements. Thereafter, an
examination and optimization of the different power supplies can be made. This analysisis

described in detail in the following text.
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Matching or optimizing the power source and the motor involves looking into the individual
characteristics of both. When examining the charactenstics of an electric motor, larger motors can
perform a given amount work with greater efficiency than smaller motors. Also motors with rare-
earth magnets of with coreless construction can deliver the same power tn a smaller size, but at
higher cost. Further, in general, larger motors cost less than smatller motors if both are designad to
deliver the same power over a given petiod of time.  Larger motors, however, have an undesirable
characteristic when used in surgical stapling devices because the handle in which they are to be
placed is limited by the size of an operator’s hand.  Physicians desire to use devices that are smaller
and lighter, not larger and heavier. Based upon these considerations, cost, size, and weight are
factors that can be optimized for use in the surgical stapler handle of the present invention.

Available motors for use within a physician’s hand include motors with relatively
iexpensive ceramic magnets and motors with relatively expensive rare earth (i.e., neodymium)
magnets. However, the power increase of the latter as compared to the former is not sufficiently
farge to warrant the substantial increase in cost of the latter. Thus, ceramic magnet motors can be
selected for use in the bandle. Exemplary motors come in standard sizes (diameter) of 27.5 mm ot
24 mm, for example. These motors have a rated efficiency of approximately 60% (which decreases
to 30% or below depending upon the size of the foad). Such motors operate at speeds of
approximately 30,000 rpm (between 20,000 and 40,000 rpm) when unloaded.

Even though such conventional motors could be used., it would be desirable to reduce the size
even further. To that effect, the inventors have discovered that coreless, brush-type, DC motors
produce similar power cutput but with a significant reduction in size. For example, a 17 mm
diameter coreless motor can output approxunately the same power as a standard 24 mm diameter
motor. Unlike a standard motor, the coreless motor can have an efficiency of up to 80%. Coreless
motors almost all use rare earth magnets.

With such a limited volume and mechanical power available, it is desirable to select a
mechanical gear frain having the greatest efficiency. Placing & rack and pinion assembly as the final
drive train control stage places a high-efficiency end stage in the drive train as compared to a screw
drive because, tn general, the rack and pinion has an approximate 95% efficiency, and the screw
drive has g maximum of gbout 80% efticiency. For the linear electric stapler, there is a 60 mm tragvel
range for the stapling/cutting mechanism when the stapler has a 60 mm cartridge (cartridges ranging
from 30 mm to 100 mm can be used but 60 mm s used in this example for illustrative purposes}.

With this travel range, a 3-second, full travel duration places the rack and pinion extension rate at 0.8
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tnches per second. To accomplish this with & reasonably sized rack and pinion assenbly, a gear
train should reduce the motor output to approximately 60 rpm. With a motor output speed of
approximately 30,000 rpm, the reduction in speed for the drive train becomes approximately 300:1.
To achieve this reduction with the motor, a S-stage drive train 1s selected. It 1s knowa that such
drive tratns have an approximate 97% efficiency for each stage. Thus, combined with an
approximate 93% efficiency of the rack and pinion, the overall efficiency of the drive tram is
{0.95)0.97) or 82%. Combining the 60% motor efficiency with the 82% drive train efficiency
yields an overall electrical to final mechanical efficiency of approximately 49.2%. Knowing this
overall efficiency rating, when determining the amount of electrical power required for operating the
stapler within the desired requirements, the actual elecirical power needed is almost twice the value
that 1s calculated for producing the stapling/cutting force.

To generate the force necessary to meet the above-mentioned requirements, the power (in
watts) of the mechanical assembly can be calealated based upon the 82 kg over 60 mm in 3 seconds
o be approximately 16 Watts. It is known that the overall mechanical efficiency 15 49.2%, 50 32.5
Watts 1s needed from the power supply {16 mech. watts = 32.5 elec. Waits x 0.492 overall
efficiency.). With this minimum requirement for electrical power, the kind of cells available to
power the stapler can be identified, which, in this case, include high-power Lithium Primary cells. A
known characteristic of high-power Lithium cells (e.g., CR123 or CR2 cells) is that they produce
about 5 peak watts of power per cell. Thus, at least six cells in series will generate the required
approximate amount of 32.5 watts of electrical power, which translates into 16 watts of mechanical
power, This does not end the optimization process because each type of high-power Lithium cell
manufactured has different characteristics for delivering peak power and these characteristics differ
for the load that is to be applied.

Various battery characteristics exist that differentiate one batiery of a first manufacturer from
another battery of a second manufacturer. Significant battery characteristics to compare are those
that limit the power that can be obtained from a baitery, a few of which include:

* type of electrolyie in the cell;

» clectrolyte concentration and chemistry;

e how the anode and cathode are manufactured (both in chemistry and in

mechanical construction), and

e type and construction of the PTC {positive temperature coeflicient of resistance)

device.
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Testing of one or more of these characteristics gives valuable information in the selection of the
most desirable battery for use in the stapling device. It has been found that an examination of the
last characteristic -- PTC device behavior -- allows an optimization of the type of baitery to perform
the desired work.

Most power sources are required to perform, with relative certainty and efficiency, many
thmes throughout a long period of time. When designing and constructing a power source, 1t is not
typical to select the power source for short-duration use combined with a low number of uses.
However, the power source of an electric stapling device is only used for a short doration and for a
small number of imes. In each use, the motor needs to be ready for a peak load and needs to
perform without error. This means that, for surgical staplers, the stapling/cutting feature will be
carned out during only one medical procedure, which has cvcle counts of between 10 and 20 uses at
most, with each use needing to address a possible peak oad of the device. After the one procedure,
the device 1s taken out of commission and discarded. Theretore, the power source for the present
invention needs 1o be constructed unlike any other traditional power supply.

The device according to the present invention is constructed to have a limited useful life of a
power cell as compared to an expected useful life of the power cell when not used in the device.
When so configured, the device s intended to work few times after this defined “hfe span.™ htis
known that self-contained power supplies, such as batteries, have the abilitv to recover after some
kind of use. For optimization with the present invention, the device is constructed within certain
parameters that, for a defined procedure, will perform accordingly but will be imited or unable to
continue performance if the time of use extends past the procedure. Even though the device might
recover and possibly be used again in a different procedure, the device is designed to use the power
cells such that they will most likely not be able to perform at the enhanced level much outside the
range of infended single use periods or outside the range of aggregate use time. With this in mund, a
usefd fife or chinical life of the power supply or of the device is defined, which life can also be
described as an intended use. It 15 understood that this useful/clinucal life does vot include periods or
occurrences of use durlng a testing period thereof to make sure that the device works as intended.
The life also does not include other times that the device 13 activated outside the intended procedure,
Le., when it 1s not activated in accordance with a surgical procedure.

Conventional batteries available in the market are designed to be used 1 two ways: (1)
provide a significant amount of power for a short duration (such as in a high-drain digital device like

cameras) or {2) provide a small amount of power over a long duration {such as a computer’s clock
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backup). If either of these operations is not followed, then the battery begins to heat up. If left
unchecked, the battery could heat to a point where the chemicals could cause significant damage,
such as an explosion. As is apparent, battery exploston is to be avoided. These extremes are
prevented 1n conventional hatteries with the presence of the PTC device — a device that is
constructed to fumit conduction of the batterv as the battery increases i temperature {(1.¢., a positive
temperature coetficient of resistance). The PTC device protects battertes and/or circuits from
overcurent and overtemperature conditions. Significantly, the PTC device protects a battery from
external short circuits while stilt allowing the battery to continue functioning after the short circuit is
removed. Some batteries provide short-circutt and/or overtemperature protection using a one-time
fuse. However, an accidental short~circuit of such a fused battery causes the fuse to open, rendering
the battery useless. PTC-protected batteries have an advantage over fused batteries because they are
able to automaticallv “reset” when the short circuit 1s removed, allowing the battery to resume its
normal operation. Understanding characteristics of the PTC device is particularly smportaot in the
present tnvention because the motor will be drawing several fimes greater current than would ever be
seen 1n a typical high~drain application.

The PTC device is provided in series with the anode and cathode and 1s made of a partially
conducting layer sandwiched between two conductive layers, for example. The device is in a fow~
resistance condition at a temperature during a normal operation {(depending on circuit conditions in
which the device 13 used, for example, from room temperature to 40° C). On exposure to high
temperature due to, for example, unusually large current resulting from the formation of a short
gircutt or excessive discharge (depending on cireuit conditions in which the device 1s used, for
example, from 60 to 130° (), the PTC device switches into an extremely high-resistance mode.
Simply put, when a PTC device is included in a cirenit and an abnormal current passes through the
circuit, the device enters the higher temperature condition and, thereby, switches into the higher
resistance condition to decrease the current passing through the circuit to a minimal level and, thus,
protect electric elements of the cirawt and the battervfies. At the minimal level (e.g., about 20% of
peak current), the batterv can cool off 10 a “safe” level at which time greater power can be supplied.
The partially conducting laver of the PTC device is, for example, a composite of carbon powder and
polyolefin plastic. Further description of such devices 1s unnecessary, as these devices are described
and are well known in the art.

Because PTC circuits of different manufacturers operate with different charactenstic

behaviors, the present invention takes advantage of this feature and provides a process for
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optinuzing the selection of & particular battery to match a particular motor and a particular use. An
examination of the time when the PTC device switches to the higher resistance condition can be used
as this indicator for optimizing a particular motor and drive train to a battery. It is desirable to know
when the PTC device makes this switch so that, during normal stapler use, the PTC device does not
make this change.

Exemplary batteries were loaded with various levels from approximately 3 amps to
approximately 8 amps. At the high end, the PTC device changed to the high-resistance state almost
mmmediately, making this current level too high for standard CR123 cells. It was determined that,
for between 4 and 6 amps, one manufacturer’s cell had PTC activation sooner than another
manufacturer’s cell. The longest PTC changeover duration for the second manufacturer was >3
minutes for 4 amps, approximately 2 minutes for § amps, and almost 50 seconds for 6 amps. Each
of these durations was significantly greater than the 8-second peak load requirement. Accordinglv, it
was determined that the second manufacturer’s cells would be optimal for use at peak amps as
compared to the first manufacturer’s cells,

Initially, 1t was surmised that higher amperes with lower or constant voltage would generate
higher power out of the power cell(s). Based upon the configuration of 6 cells in series, the peak
voltage could he 18 volts with a peak current of only 6 amps. Placing cells in parallel, in theory,
should allow a higher peak amperage and a 3x2 configuration (two parallel set of three cells in
series) could have a 9 volt peak with up to a 12 amp peak.

Different single cells were investigated and it was confirmed that a relatively low voltage
{about 1.5 to 2 volts) and approximately 4 to 6 amperes produces the highest power in Watts, Two
six~cell configurations were examined: a 6x1 series connection and a 3x2 parallel connection. The
3x2 configaration produced the greatest peak amperes of approximately 10 amps, The 6x1
configuration produced about 6 amps peak and the single cell was able to peak at 5-6 amps before
the PTC device changed state. This information indicated the state at which any single cell in the
series group would be activating its PTC device and, thus, limiting current through the entire group
of cells. Thus, the tentative concluston of yielding peak amps at lower voltage with a 3x2
configuration was maintained.

Three ditferent CR123 battery configurations were tested: 4x1, 0x1, and 3x2, to see how fast
the pinion would move the rack (in inches per second (“IP87})) for the 1204 and 180#% loads and for a
given typical gearing. The results of this real world dynamic loading test are shown in the chart of

FIG. 31, for both the 120# {oad:
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* the 4x1 battery pack was able to move the foad at about 0.6 IPS af approximately
2.5 amps but at approximately 8 volts;

+ the 6x1 battery pack was able to move the toad at about 0.9 IPS at approximately
2.5 amps but at approximately 13 volts; and

+ the 3x2 battery pack was able to move the {oad at about 0.4 IPS af approximately

2.5 amps but at approximately 6 volts;

and the 180# load:
s the 4x1 battery pack was able to move the load at about 0.65 IPS at
approximately 4 amps but at approximately 7.5 volis;
e the 6x1 battery pack was gble to move the load at about 0.9 IPS at approximately
4 amps but at approximately 12 volts; and
» the 3x2 battery pack was able to move the load at about 0.4 IPS at approximately

4 anps but af approximately 7 volts,

Clearly, the peak current was limited and this himit was dependent upon the load. This experiment
revealed that the motor drew a similar current regardiess of the power supply for a given load but
that the voltage changed depending upon the battery cell configuration. With respect to either foad,
the power output was the greatest in the 6x1 configuration and not in the 3x2 configuration, as was
expected. From this, it was determined that the total power of the cell pack is driven by voltage and
not by currvent and, therefore, the parallel configuration (3x2) was not the path to take in optimizing
the power source.

Traditionally, when designing specifications tor a motor, the windings of the motor are
matched to the anticipated voltage at which the motor will be run. This matching takes into account
the duration of individual cycles and the desired overall life of the product. In a case of an electric
stapling device the motor will only be used for very short cveles and for a very short 1ife, traditional
matching methods yield results that are below optimal. Manufacturers of the motors give a voltage
rating on a motor that corresponds to the number of turns of the windings. The lower the number of
turns, the fower the rated voltage. Within a given size of motor winding, a lower number of tumns
atlows larger wire to be used, such that a lower number of turns results in a lower resistance in the
windings, and a higher number of turns results m a higher resistance. These charactersstics limit the

maximum current that the motor will draw, which is what creates most of the heat and damage when
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the motor 18 overdriven. For the present invention, 8 desirable configuration will have the lowest
winding resistance to draw the most current from the power supply (i.e., battery pack). By running
the motor at a voltage much higher than the motor rating, significantly greater power can be drawn
from similarly sized mwotors. This trait was verified with testing of nearly identical coreless motors
that only vaned in winding resistance {and, hence, the number of turns). For example, 12-volt and
6-volt rated motors were run with 6 cells (Le., at 19.2 volts). The motors rated for 12 volts output
peak power of 4 Watts with the battery voltage only falling slightly to 18 volts when drawing 0.7
amps. In comparison, the motors rated for 6 volts output 15 Watts of power with the voltage
dropping to 15 volts but drawing 2 amps of current. Therefore, the Jower resistance windings were
selected to draw enough power out of the batteries. 1t is noted that the motor windings should be
balanced to the particuiar battery pack so that, in a stall condition, the motor does not draw current
from the cells sufficient to activate the PTC, which condition would impermissibly delay use of an
electric surgical stapler during an operation.

The 6x1 power cell configuration appeared to be more than sutticient to meet the
requirements of the electric stapling device. Nonetheless, at this point, the power cell can be further
optimized to determine if six cells are necessary to perform the required work. Four cells were, then,
tested and o was determined thai, under the 120# joad, the motor/drive frain could not move the rack
over the 60 mm span within 3 seconds. Six cells were tested and it was determined that, under the
1204 load, the motor/drive train could move the rack over the 60 mm span in 2.1 seconds — much
faster than the 3-second requirement. 1t was further determined that, under the 180# load, the
motor/drive train could move the rack over the 60 num span in less than 2.5 seconds — much quicker
than the &-second requirement. At this point, it is desirable to optimize the power source and
mechanical layout to make sure that there 1s no “runaway” stapling/cutting; in other words, if the
load s significantly less than the required 180# maximum, or even the 1208 maximum, then it would
not be desirable to have the rack move too fast,

The gear reduction ratio and the drive system veed to be optimized to keep the motor near
peak etficiency during the firing stroke. The desired stroke of 60 mm in 3 seconds means a
manimum rack velocity of 20 mm/sec (~0.8 inches/second). To reduce the number of variables in
the optimization process, a basic reduction of 33311 1s set in the gear box. This leaves the final
reduction to be performed by the gears present between the output shafl 214 of the gear box and the
rack 217, which gears include, for example, a bevel gear 215 and the pinion 216 (which drives the

rack), a simplified example of which is illustrated in FIG. 32,
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These variables can be combined into the number of inches of rack travel with a single

revolution of the output shaft 214 of the 333:1 gearbox. If the gearbox output {in rpm) never

changed, it would be a simple function to match the inches of rack travel per output shaft revolution
("IPR”) to the output rpm to get a desired velocity as follows:

{60 rpm =2 1 revolution/second (rps); 1 rps @ 0.8 IPR - 0.8 infsec).
In such an idealized case, if the IPR is plotted against veloaity, a straight hine would be produced.
Velocity over a fixed distance can be further reduced to Firing Time. Thus, a plot of Firing Time
versus IPR would also be a straight line in this idealized case. However, ontpat of the motor (in
rpm) and, therefore, of the gearbox, 1s not fixed because this speed varies with the load. The degree
of load determines the amount of power the motor can put out. As the load increases, the rpms
decrease and the efficiency changes. Based upon an examination of efficiency with differing foads,
it has been determined that efficiency peaks at just over 60%. However, the corresponding voltage
and amperes at this efftciency peak are not the same as at the point of peak power. Power continues
to increase as the load increases until the efficiency is falling faster than the power 15 increasing. As
the IPR increases, an increase in velocity is expected, but a corresponding increase in IPR lowers the
mechanical advantage and, therefore, increases the toad. This increasing load, with the
corresponding decrease in efficiency at progressively higher loads, means that a point will exist
when greater velocity out of the rack is no longer possible with greater IPR. This behavior is
reflected as a deviation from a predicted straight line in the plot of Firing Time (in sec) versus IPR.
Experimentation of the system of the preseat invention reveals that the boundary between
unnecessary mechanical advantage and insufficient mechanical advantage ocours at approximately
0.4 PR

From this IPR value, it is possible to, now, select the final gear ratio of the bevel gear 213 to
be approximately three times greater (3:1) than the sprocket of the output shaft. This ratio translates
into an approximate IPR of 0.4,

Now that the bevel gear 2135 has been optimized, the battery pack can be reexamined to
determine if six cells could be reduced to five or even four cells, which would save cost and
considerably decrease the volume needed tor the power supply within the handle. A constant load of
approximately 1204 was used with the optimized motor, drive train, bevel gear, and rack and pinion
and it was discovered that use of 4 cells resulted in an almost 3 second time period for moving the
rack 00 mm. With 5 cells, the time was reduced to approximately 3.5 seconds. With a 6-cell

configuration, the ime was 2.5 seconds. Thus, interpolating this curve resulted in a minimum cell
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configuration of 5.5 cells. Due to the tact that cells only can be supplied in integer amounts, 1t was
discovered that the 6-celt configuration was needed to meet the requirements provided for the
electric stapling device.

From this, the minimum power source volume could be calculated as a fixed value, unless
different sized cells could be used that provided the same electrical power characteristics. Lithium
cells referred as CR2s have similar electrical power characteristics as have CR123s but are smaller.
Therefore, using a 6-cell power supply of CR2s reduced the space requirement by more than 17%.

As set forth in detail above, the power source (i.e, batteries), drive train, and motor are
optimized for total efficiency to deliver the desired output force within the required window of time
for completing the surgical procedure. The efficiency of each kind of power source, drive train, and
motor was examined and, thereafter, the type of power source, drive train, and motor was selected
based upon this examination to deliver the maximum power over the desired time period. In other
words, the maximum-power condition {voltage and current) s examined that can exist for a given
period of time without activating the PTC (e.g., approxumately 15 seconds). The present invention
locates the voltage-current-power value that optimizes the way in which power is extracted from the
cells to drive the motor. Even after such optimization, other changes can be made to improve upon
the features of the electric stapler 1.

Ancther kind of power supply can be used and is referred to herein as a “hybrid™ cell. In
such & configuration, a rechargeable Lithium-ion or Lithium-polvmer cell 1s connected to one or
more of the optimized cells mentioned above (or perbaps another primary cell of smaller size but of
a sinular or higher voltage). In such a configuration, the Li-ion cell would power the stapling/cutting
maotor because the total energy contained within one CR2 cell 1s sufficient to recharge the Li ion cell
many times, however, the primary cells are limited as to delivery. Li-ion and Li-Polymer cells have
very low iternal resistance and are capable of very high currents over short durations. To harness
this beneficial behavior, a primary cell {e.g., CR123, CR2, or another cell) could take 1010 30
seconds to charge up the secondary cell, which would form an additional power source for the motor
during firing. An alternative embodiment of the Li-ion cell 15 the use of a capacitor; however,
capacttors are volume inefficient. Even so, a super capacitor may be put into the motor powering
systent; it may be disconnected electrically therefrom until the operator determines that additional
power is required. At such g time, the operator would connect the capacitor for an added “boost”™ of

energy.
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As mentioned above, if the load on the motor increases past a given pouy, the efficiency
begins to decrease. In such a situation, a multi-ratio fransmission can be used to change the
delivered power over the desired time period. When the load becomes too great such that efficiency
decreases, a multi-ratio transmission can be used to switch the gear ration to retarn the motor to the
higher efficiency point, at which, for example, at least a 180#% force can be supplied. It is noted,
however, that the motor of the present invention needs to operate in both forward and reverse
directions. In the latter operating mode, the motor must be able to disengage the stapling/cutting
mstrument from out of a “jammed” tissue clamping sitnation. Thus, it would be beneficial for the
reverse gearing to generate more force than the forward gearing.

With significantly varying loads, e g, from low pounds ap to 180 pounds, there is the
possibility of the drive assembly being too powerfid in the lower end of the foad range. Thus, the
mvention can include a speed governing device, Possible governing devices include dissipative
{active) governors and passive governors. One exemplary passive governor is a flvwheel, such as
the energy storage element 56, 456 disclosed in U8, Patent Application No. 2005/0277955 to
Palmer et al. Another passive governor that can be used 1s a “fly” paddlewheel. Such an assembly
uses wind resistance to govern speed because it absorbs more force as it spins faster and, therefore,
provides a speed governing characteristic when the motor is moving too fast. Another kind of
governor can be a compression spring that the motor compresses stowly to a compressed state.
When actuation is desired, the compressed spring is released, allowing all of the energy to be
transferred to the drive in a refatively short amount of time. A further exemplary governor
embodiment can clade a multi-stage switch having stages that are connected respectively to
various sub-sets of the battery cells. When low force is desired, a first switch or first part of a switch
can be activated 1o place only a few of the cells in the power supply circuit. As more power is
desired, the user {or an automated computing device) can place successive additional cells into the
power supply circuit. For example, in a 6-cell configuration, the first 4 cells can be connected to the
power supply circuit with a first position of a switch, the 1ifth cell can be connected with a second
position of the switch, and the sixth cell can be connected with a third position of the switch,

Electric motors and the associated gear box produce a certain amount of noise when used.
The stapler of the present invention isolates the motor and/or the motor drive train from the handle to
decrease both the acoustic and vibration characteristics and, thereby, the overall noise produced
during operation. In a first embodiment, a dampening material is disposed between the handle body

and both of motor and the drive train. The material can be foam, such as latex, polyester, plant-
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based, polyether, polyetherimide, polyimide, polvoletin, polypropylene, phenolic, polyisocyanates,
polyurethane, silicone, vinyl, ethylene copolymer, expanded polvethylene, fluoropolymer, or
stvrofoam. The material can be an elastomer, such as silicone, polvurethane, chloroprene, butyl,
polybutadiene, neoprene, vatural rubber, or isoprene. The foam can be closed cellular, open cellular,
fHexible, reticular, or syntactic, for example, The material can be placed at given positions between
the handle and motor/gear box or can entirely fill the chamber surrounding the motor/gear box. Ina
second embodiment, the motor and drive train are isolated within a nested box configuration,
sometimes referred to as a “Chinese Box” or “Russian nesting doil.” In such a configuration, the
dampening material is placed around the motor/gear box and the two are placed within a first box
with the gear box shaft protruding theretrom. Then, the first box is mounted within the “second
box™ - the handie body - and the dampening material is place between the first box and the handle
miterior.

The electric stapler of the present invention can be used in surgical apphications. Most
stapling devices are one-time use. They can be disposed after one medical procedure because the
cost 1s relatively low. The electric surgical stapler, however, has a greater cost and 1t may be
desirable to use at least the handle for more than one medical procedure. Accordingly, sterilization
of the handle components after use becomes an issue. Sterilization before use is also sigraticant.
Because the electric stapler includes electronic components that tvpicallv do not go through standard
sterihization processes (1.e., steam or gamma radiation), the stapler needs to be sterthized by other,
possibly more expensive, means such as ethylene-oxide gas. It would be desirable, however, to
make the stapler available to gamma radiation sterilization to reduce the cost associated with gas
steritization. It is known that electronics are usable in space, which is an environment where such
clectronics are exposed to gamma radiation. In such applications, however, the electronics need to
work while being exposed. In contrast, the electric stapler does not need to work while being
exposed to the gamma sterilization radiation. When semiconductors are emploved, even if the
powet to the electronics is turned off, gamoma radiation will adversely affect the stored memory.
These components only need to withstand such radiation and, only after exposure ceases, need to be
ready for use. Knowing this, there are various measures that can be taken to gamma-harden the
electronic components within the handle. First, instead of use MOSFET memory, for example,
fusable link memories can be used. For such memories, once the fuses are programmed (i.e., bumnt),
the memory becomes permanent and reststant to the gamma sterilization. Second, the memory can

be mask-programmed. If the memory is hard programmed using masks, gamma radiation at the
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fevel for medical sterilization will not adversely atfect the programming, Third, the sterilization can
be performed while the volatile memory is empty and, after sterilization, the memory can be
programmed through various measures, for example, a wireless hink including infrarved, radio,
ultrasound, or Bluetooth communication can be used. Alternatively, or addiionally, external
electrodes can be contacted in a clean environment and these conductors can program the memory.
Finally, a radiopague shield {made from molybdenum or tungsten, for example) can be provided
around the gamima radiation sensitive components to prevent exposure of these components 1o the
potentially damaging radiation.

As set forth herein, characteristics of the battery, drive {rain, and motor are examined and
optimized for an electric stapling application. The particular design (i.e., chemistry and PTC) of a
battery will determine the amount of current that can be supplied and/or the amount of power that
can be generated over a period of ime. It has been determined that standard alkaline cells do not
have the ability to generate the high power needed over the short period of time to effect actuation of
the electric stapling device. 1t was also determined that some lithium-manganese dioxide cells also
were unable to meet the needs for actuating the stapling device. Therefore, characteristics of certain
lithium-manganese dioxide cell configurations were examined, such as the electrolyte and the
positive teraperature coefficient device.

It is understood that conventional lithium-manganese dioxide cells {e.g., CR123 and CR2)
are designed for loads over a long period of time. For example, SUREFIRE® markets flashlights
and such cells and states that the cells will last for from 20 minutes to a few hours (3 to 6) at the
maxinum lumen output of the Hashlight. Load upon the cells(s) during this pertod of time is not
close to the power capacity of the battery{ies} and, therefore, the critical current rate of the
battery{ies) is not reached and there is no danger of overheating or explosion. If such use is not
continuous, the batteries can last through many cycles (1.e., hundreds) at this same full power output.

Simply put, such batteries are not designed for loads over a period of 10 seconds or less, for
example, five seconds, and are also not designed for a small number of uses, for example, ten to
fifteen. What the present invention does is to configure the power supply, drive train, and motor 10
optimize the power supply (i.e, battery ) for a small number of uses with each use occurring over a
period of fess than ten seconds and at a load that is significantly higher than rated.

All of the primary lithium cells that were examined possess a critical current rate defined by
the respective PTC device and/or the chemistry and internal construction. If used above the critical

current rate for a period of time, the cells can overheat and, possibly, explode. When exposed to a
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very high power demand (close to the PTC threshold) with a ow number of cycles, the voltage and
amperage profiles do not behave the same as in prior art standard uses. It has been found that some
cells have PTC devices that prevent generation of power required by the stapler of the present
mvention, but that other cells are able to generate the desired power (can supply the current an
voltage) for powening the electric stapling device. This means that the oritical current rate is
different depending upon the particular chemistry, construction, and/or PTC of the cell.

The present invention configures the power supply to operate in a range above the critical
current rate, referred to herein as the “Super-Critical Current Rate™ It 1s noted within the definition
of Super-Critical Current Rate also is an averaging of a modulated current supplied by the power
supply that is above the critical current rate. Because the cells cannot last long while supplyving
power at the Super-Critical Current Rate, the time period of their use is shortened. This shortened
time period where the cells are able to operate at the Super-Critical Current Rate is referred to herein
as the “Super-Critical Pulse Discharge Period,” whereas the entire time when the power supply 13
activated 1s referred to as a “Pulse Discharge Period.” In other words, the Super-Critical Pulse
Phscharge Period 13 a time that 1s less than or equal to the Pulse Discharge Pertod, during which tie
the current rate is greater than the critical cuyrrent rate of the cells. The Super-Critical Pulse
Discharge Period for the present invention is less than about 16 seconds, 1n other words, 1o a range
of about one-half to fifteen seconds, for example, between two and four seconds and, more
particularly, at about three seconds. During the life of the stapling device, the power supply may be
subjected to the Super-Critical Curent Rate over the Pulse Discharge Period for at least one time
and less than twenty times within the time of a clinical procedure, for example, between
approximately five and fifteen times, in particular, between ten and fifteen times within a period of
five minutes. Therefore, in comparison to the hours of use for standard applications of the power

supply, the present invention will bave an aggregate use, referred to as the Aggregate Pulse Time, of]

at most, approximately 200 to 300 seconds, in particular, approximately 225 seconds. It is noted
that, durtog an activation, the device may not be required {o exceed or to always exceed the Super-
Critical Current Rate in a given procedure because the load presented to the instrument is dependent
upon the specific clinical application (3.e., some tissue 15 denser than others and increased tissue
density will increase load presented to device). However, the stapler is designed to be able to exceed
the Super-Cnitical Current Rate for a number of times during the intended use of the surgical

procedure. Acting in this Super-Critical Pulse Discharge Pertod, the device can operate a sufficient
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amount of times to complete the desired surgical procedure, but not many more because the power
supply is asked to perform at an increased current.

When performing in the increased range, the force generated by the device, e g, the electric
stapler 1, is significantly greater than exisied in a hand-powered stapler. In fact, the force is so much
greater that it could damage the stapler itself. In one exemplary use, the motor and drive assemblies
can be operated to the dettiment of the knife blade lock-out feature -- the safety that prevents the
kntfe blade 1000 from advancing when there is no staple cartridge or a previously fired staple
cartridge in the staple cartridge holder 1030, This feature is ilustrated in FIG. 33, As discussed, the
knife blade 1060 should be allowed to move distally only when the staple sted 102 1s present at the
firing~-ready position, 1.e., when the sled 102 is in the position iHlustrated in FIG. 33, 1 the sled 102
is not present in this position, this can mean one of two things, either there is no staple cartridge in
the holder 1030 or the sled 102 has already been moved distally ~ in other words, a partial or full
firing has already occurred with the loaded staple cartridge. Thus, the blade 1060 should not be
attowed to move, or should be restricted tn its movement. Accordingly, to insure that the sled 102
can prop up the blade 1060 when 1 a firing state, the sled 102 1s provided with a lock-out contact
surface 104 and the blade 1060 is provided with a correspondingly shaped contact nose 1069, Itis
noted at this point that, the lower guide wings 1003 do not rest against a fHoor 1034 in the cartridge
holder 1030 unuil the blade 1060 has moved distally past an edge 1035, With such a configuration, if
the sled 102 is not present at the distal end of the blade 1060 to prop up the nose 1069, then the
fower guide wings 1065 will follow the depression 1037 just proximal of the edge 1035 and, instead
of advancing on the floor 1034, will hit the edge 1035 and prevent further forward movement of the
blade 1060, To assist with such contact when the sled 102 1s not present (referred to as a “lock
out™), the staple cartridge 1030 has a plate spring 1090 (attached thereto by at least one rivet 1036)
for biasing the blade 1060, With the plate spring 1090 flexed upward and pressing downward
against the fange 1067 (at least until the flange 1067 is distal of the distal end of the plate spring
10903, a downwardly directed force 1s imparted against the blade 1060 to press the wings 10658 down
into the depression 1037, Thus, as the blade 1060 advances distally without the sled 102 being
present, the wings 1065 follow the lower curve of the depression 1037 and are stopped from further
distal movement when the distal edge of the wings 1065 hit the edge 1035,

This safety feature operates as described so tong as the force transmitted by the knife blades
1062 1o the blade 1060 1s not great enough to tear off the lower guide wings1063 from the blade

1060, With the forces able to be generated by the power supply, motor and drtve frain of the present
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invention, the blade 1060 can be pushed distally so strongly that the wings 1063 are torn away. 1If
this occurs, there is no way to prevent distal movement of the biade 1060 or the sled 102.
Accordingly, the present invention provides a way to lower the forces able to be imparted upon the
wings 10685 prior to their passage past the edge 1035, In other words, the upper limit of force able to
be applied to the blade 1060 is reduced in the first part of blade travel (past the edge 1035} and
increases after the wings 1065 have cleared the edge 1035 and rest on the foor 1034, More
specifically, a first exemplary embodiment of this two-part force generation lmiter takes the form of
a circuit in which only one or a few of the cells in the power supply are connected to the motor
during the first part of the staphing/cutting stroke and, in the second part of the stapling/cutting
stroke, most or all of the cells in the power supply are connected to the motor. A first exemplary
form of such a circuit is iHustrated in FIG. 34, 1n this first embodiment, when the switeh 1100 is in
the “A” position, the motor {e.g., stapling motor 210} is only powered with one power cell 602 {of a
possible four in this exemplary embodiment). However, when the switch 1100 1s 1o the “B”
position, the motor 1s powered with all four of the cells 602 of the power supply 600, thereby
increasing the amount of force that can be supplied to the blade 1060, Control of the switch 1100
between the A and B positions can occur by positioning a second switch somewhere along the blade
control assembly or along the sled 102, the second switch sending a signal to a controlier after the
wings 10635 have passed the edge 1035, It is noted that this first embodiment of the control circuit is
only exemplary and any similarly performing assembly can provide the lock-out protection for the
device, see, for example, the second exemplary embodiment illustrated in FIG. 306

A tirst exemplary form of a forward and reverse motor control circuit is Hlustrated in FIG,
35, This first exemplary embodiment uses a double-throw, double pole switch 1200, The switch
1200 is normally spring-biased to a center position in which both poles are off. The motor M
ithustrated can, for example, represent the stapling motor 210 of the present invention. As can be
seen, the power-on switch 1210 must be closed to turn on the device. Of course, this switch is
optional. When a forward movement of the motor M is desired, the switch 1200 1s placed in the
right position as viewed in FIG. 35, in which power is supplied to the motor to run the motor in a
first divection, defined as the forward direction here because the “+7 of the battery 18 connected to
the *+7 of the motor M. In this forward switching position, the motor M can power the blade 1060
m a distal direction. Placement of an appropriate sensor or switch to indicate the forward-most
desired position of the blade 1060 or the sled 102 can be used to control a forward travel limit switch

1220 that interrupts power supply to the motor M and prevents turther forward travel, at least as long
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as the switch 1220 remains open. Circuitry can be programnied to never allow this switeh 1220 to
close and complete the circuit or to only allow resetting of the switch 1220 when a new staple
cartridge, for exampie, is loaded.

Wheo a reverse movement of the motor M is desired, the switch 1200 is placed in the feft
position as viewed in FIG. 35, in which power 15 supplied to the motor 1o run the motor in a second
direction, defined as the reverse direction here because the -7 of the battery 1s comnected to the "+
of the motor M. In this reverse switching position, the motor M can power the blade 1060 in a
proximal direction. Placement of an appropriate sensor or switch to indicate the rearward-maost
desired position of the blade 1060 or the sled 102 can be used to control a rearward fravel hmit
switch 1230 that interrupts power supply to the motor M and prevents further rearward travel, at
feast as long as the switch 1230 remains open. It is noted that other switches (indicated with dotted
arrows) can be provided in the circuit to selectively prevent movement in either direction
mdependent of the limit switches 1220, 1230

1t is noted that the motor can power the gear train with a significant amount of force, which
ranslates into a high rotational inertia. Ag such, when any switch mentioned with respect to FIGS.
34 and 35 is used to wrn off the motor, the gears may not just stop.  Instead, the rotational inertia
continues to propel, for example, the rack 217 in the direction it was fraveling when power fo the
motor was terminated. Such movement can be disadvantageous for many reasons. By configuring
the power supply and motor appropriately, a circuit can be formed to substantially eliminate such
post-termination movement, thereby giving the user more control over actuation.

FIG. 36 illustrates an exemplary embodiment where the motor (for example, stapling motor
210} 15 arrested from further rotation when forward or reverse control is termunated. FIG. 36 also
iHustrates alternative embodiments of the forward/reverse control and of the multi-stage power
supply. The circuit of FIG. 36 has a motor arrest sub-civeutt utilizing a short-cirenit property of an
electrical motor. More specifically, the electrical motor M is placed into a short-circuit so that an
electrically generated magnetic field is created in opposition to the permanent magnetic field, thus
slowing the still-spinning motor at a rate that substantially prevents inertia-induced over-stroke. To
explain how the circuit of FIG. 36 can brake the motor M, an explanation of the forward/reverse
switch 1300 is provided. As can be seen, the forward/reverse switch 1300 has three positions, just
like the switch 1200 of FIG. 35, When placed i the night position, the motor M is actuated in a
forward rotation direction. When placed in the Jeft position, the motor M is actuated in a rearward

rotation direction. When the switch 1300 is not actuated — as shown in FIG. 36 — the motor M is
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short circutted. Thas short circuit 1s diagramnuatically Hlustrated by the upper portion of the switch
1300, It 1s noted that the switching processes in a braking switch is desired fo take place in a time-
delayed manner, which is also referved to as a break-before-make switching configuration. When
switching over from operating the motor M to braking the motor M, the double-pole, double throw
portion of the forward/reverse switch 1300 is opened before the motor short circuit 15 effected.
Conversely, when switching over from braking the motor M to operating the motor M, the short
circuit is opened before the switch 1300 can cause motor actuation. Therefore, in operation, when
the user releases the 3-way switch 1300 from either the forward or reverse positions, the motor M is
short-circuited and brakes quickly.

Other features of the circuit in FIG. 36 have been explained with regard to FIG. 35. For
example, an on/off switch 1210 is provided. Also present is the power lock-out switch 1100 that
only powers the motor with one power cell 6027 In a given portion of the actuation {(which can ocour
at the beginning or at any other desired part of the stroke) and powers the motor M with all of the
power cells 602 (here, for example, six power cells) in another portion of the actuation.

A new feature of the reverse and forward limit switches 1320, 1330 prevents any further
forward movement of the motor M after the forward Hmit switch 1520 is sctuated. When this limit
15 reached, the forward tunit switch 1320 15 actuated and the switch moves to the second position. In
this state, no power can get to the motor for forward movement but power can be delivered to the
motor for reverse movement. The forward limit switch can be programumed 1o toggle or be a one-
thme use for a given staple cartridge. More specifically, the switch 1320 will remain in the second
position until a reset occurs by replacing the staple cartridge with a new one. Thus, until the
replacement occurs, the motor M can only be powered i1 the reverse direction. If the switch is
merely a toggle, then power can be restored for additional further movement only when the
movement has retreated the part away from actuating the switch 1320

The reverse limit switch 1330 can be configured similarly. When the reverse imit is
reached, the switch 1330 moves to the second position and stays there aoti] a reset occurs. Itis
noted that, in this position, the motor M s iy a short-circut, which prevents motor movement in
either direction. With such a configuration, the operation of the stapler can be limnited to a single
stroke up to the forward limit and a single retreat up to the rear limit. When both have occurred, the
maotor M is disabled until the two switches 1320 are reset.

Referring now to the figures of the drawings in detail and first, particularly to FIGS. 37 to 40

thereof, there is shown an exemplary embodiment of an electric surgical device 1000 according to
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the invention, which, in thas embodinent, s an electric surgical linear stapler. FIG. 37 shows the lett
side of the device 1000 with the handie’s outer shelt 1001 and 1002 removed. Similarly, FK3. 39
shows the right side of the device 1000 with the handle’s outer shell removed. The two halves of the
outer shell 1001 and 1002 are only shown in FIGS. 63 to 66 1o allow for clear viewing of the internal
assemblies. Also not shown in these and the subsequent figures is the end effector. An exemplary
embodiment of a linear stapling end effector 1s described in detail in the family of co-owned and co-
pending patent applications including U.S. Provisional Patent Application No. 60/702,643 filed July
26, 2005, 60/760,000 filed January 18, 2006, and 60/811 930 filed June 8, 2006, and U.S. Patent
Application Serial No. 11/491,026 filed July 24, 2006, 11/5340,255 and 11/541,105 both filed
September 29, 2006, and 11/844.406 filed August 24, 2007, The entire disclosure of this family of
applications is hereby incorporated herein by reference in its entirety.

FIG. 38 shows the mechanical assemblv of the device 1000 with the left-side frames 1010
removed. FIG, 40, m comparison, shows the mechanical assembly both the feft- and right-side
frames 1010, 1020 removed.

FIG. 37 shows the gear cover plate 1105, under wlhich are the first-, second-, and third-stage
gears 1110, 1120, 1130 of the motor transmission assembly. Also appearing in FIG. 37 is the end
etfector closing assembly 1400, This end effector closing assembly 1400 will be explained 1o
greater detail with regard to FIGS. 59 to 60,

FIGS. 37 to 38 also show the electric power and power control assemblies. The electric
power assembly 1500 in this exemplary embodiment is a removable battery pack containing one or
more batteries 1510, As set forth above, one exemiplary power supply s a series connection of
between four and six CR123 or CR2 power cells. Here, there are six batteries 1510, One of these
batteries 1510a, the one on the apper left in FIG. 37, 1s placed in an electrically discomnectable
configaration so that power can be supplied selectively {o the motor 1520 through either the single
battery 1510a or the entire set of six batteries 1510, This is beneficial in applications where only a
small amount of power is needed or where full torgue is desired to be prohibited. One such
prohibition is mentioned above with regard to moving the staple sled or blade past the lock-out. The
exemplary circuit only connects this one cell 1510a to the motor 1520 during the first part of the
stapling/cutting stroke and, in the second part of the stapling/cutting stroke, all of the cells 1510,
1510a in the power supply are connected to the motor 1520, See FIG. 34

The power supply control assembly 1600 in the exemplary embodiment takes the form of a

rocker switch 1610, In one actuated direction of the rocker switch 1610, the motor 1320 15 caused to
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rotate in a first divection, for example, forward, and in the other actuated direction of the rocker
switch 1610, the motor 1520 is caused to rotate in an opposite second direction, for example,
FEVErse.

The electrically powered drive ttain in the exemplary embodiment is used to operate one
feature of a linear cutter/stapler. Here, the drive tramn is being used to actuate the stapling/cutting
teature. To do this, the drive train is connected to a linear actuator 1700, which, in the present
embodiment, is in the form of a toothed rack that translates distally and proximally along a rack
guide 1720, As shown i FIG. 38, the rack 1700 is in a relatively proximal position. To minimize
the size of the shell 1001, 1002 at the proximal end {right side of FIG. 3R8). the rack 1700 has a
pivoting portion 1710 that pivots freely in the downward divection (as viewed in FIG. 38) when the
pivoting portion 1710 is not contained within the rack guide 1720, As the rack 1700 moves distally
{to the left in FIG. 38), the bottom of the pivoting portion 1710 contacts the proximal end of the rack
guide 1720 and 1s caused 1o pivot upward to a position that is substantially coaxial with the
remainder of the rack 1700 due to the shape of the rack guide 1720, The proximal end of the rack
gutde 1720 15 seen in FIG. 41,

The teeth 1702 of the rack 1700 are shaped to interact with a final stage of the drive train in a
rack-and-pinion configuration. While various features of the drive frain are visible i virtually all of
FIGS. 37 t0 47, the explanation of the drive train is easilv seen with particular reference to FIGS. 43
and 46, 1t is noted here that some of the transmission stages shown in many of the figures have no
teeth. This is because the gears are merely diagrammatic representations of a particular exemplary
embodiment. Thus, the lack of teeth, or even the number or size of teeth present, should not be
taken as limiting or fixed. Additionally, many of the gears illustrated are shown with a central band
located inside the teeth. This band should not be considered as part of the device 1000 and is,
merely, a limitation of the software vsed to create the figores of the instant application.

The explanation of the drive train starts from the motor 1520, An output gear 1522 of the
motor 1520 is connected to the fivst, second, and third stages 1110, 1120, 1130 of the transmission.
The third stage 1130 is coupled to the final gear present on the left side of the device 1000, This
couple ts difficult to view m all of the figures because of its interior focation. FIGS. 35 1o 56,
however, show the coupling of the third stage 1130 to the fourth stage, cross-over gear 1140, As
mentioned above, the output of the third stage 1130 is only diagrammatically iHlustrated ~ as a
cylinder without teeth. Continuing to refer to FIG. 46, the cross-over gear 1140 is rotationally

coupled to a fourth stage shaft 1142, which shaft 1142 crosses over the rack 1700 from the left side
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of the device 1000 to the right side. The right side of the shaft 1142 15 not directly coupled in a
rotational manner fo any of the gears on the right side. Instead, it rotates inside a shaft bearing 1144
that fits inside a corresponding pocket within the right side frame 1020, which frame 1020 is
removed from the view of FIG. 46 to allow viewing of the right side drive train.
A castle gear 1146 (shown by itselt in FIG. 53} is positioned on the cross-over shaft 1142 to
be rotationally fixed therewith but longttudinally translatable thereon. To pernut such a connection,
the shatt 1142 has a non-illustrated interior slot in which 1s disposed a non-illustrated pin that passes
through two opposing ports 11462 of the castle gear 1146, By fixedly securing the pin to the castle
gear 1146, rotation of the shaft 1142 will cause a corresponding rotation of the castle gear 1146
while still allowing the castle gear 11406 to freely translate along the longitudinal axis of the shafi
1142, at least to the extent of the slot in the shaft 1142, As can be seen in FIG. 46, the right-side
castellations 11464 of the castle gear 1140 are shaped to {it between corresponding castellation slots
11482 on the left-side of a fourth stage pinton 1148, which is illastrated by useli in FIG. 54,
Becguse the castle gear 1146 s required to mate securely with the fourth stage pinion 1148, a right-
side biasing force F is needed. To supply this bias, a non-iHustrated compression spring, for
example, can be provided to have one end contact the right face of the cross-over gear 1140 and the
other opposing end contact the left face of a central flange 11468, which projects radially away from
the outer cvlindrical surface of the castle gear 1146, (This flange 11468 will be described in more
detail below with respect to the manual release feature of the device 1000.) Any other similarly
functioning bias device can be used instead of the exemplary spring. Such a configuration atlows
the castle gear 1146 to be selectively rotationally engaged with the fourth stage pinion 1148, More
specifically, when the castle gear 1146 is not acted upon by any force other than the force ¥ of the
bias device, the castellations 11464 will be mated with the castellation slots 11482 and any rotation
of the shaft 1142 will cause a corresponding rotation of the fourth stage pinion 1148, However,
when a force opposing and overcoming the bias F is applied, the castellations 11464 exit the
castellation slots 11482 and any rotation of the shaft 1142 has no effect on the fourth stage pinion
1148, Ttis this selective engagement that allows a manual release to occur. Before such release 15
explained, the nght side drive train is described.

The fourth stage pinton 1148 is directly engaged with a fifth stage 1150 of the drive train,
which has a fifth stage shaft 1152, a fifth stage input gear 1154 rotationally fixed to the fifth stage
shaft 1152, and a fifth stage pinion 1156, also rotationally fixed to the fifth stage shaft 11532, The

teeth of the fitth stage pinion 1156 are directly coupled to the teeth 1702 of the rack 1700, Thus, any
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rotation of the fifth stage nput gear 1154 canses a corresponding rotation of the fifth stage pinton
and a longitudinal movement of the rack 1700, As viewed in the exemplary embodiment of ¥FI1G. 46,
a clockwise rotation of the fifth stage input gear 1154 causes a proximally directed movement of the
rack 1700 (retract) and a counter-clockwise rotation of the fifth stage input gear 1154 causes a
distally directed movement of the rack 1700 (extend).

Based upon the above connection of the five stages of the drive train, rotation of the motor
shatt in one direction will cause a longitudinal movement of the rack 1700, but only when the castle
gear 1146 is engaged with the fourth stage pinion 1148, When the castle gear 1146 1s not engaged
with the fourth stage pinion 1148, rotation of the motor has no effect on the rack 1700, {t1s n this
uncoupled state of the two gears 1146, 1148 that a manual release of the rack 1700 becomes
possible.

In operation of the device 1000, the rack 1700 moves distally (extends) 1o actuate some part
of an end effector. In the embodiment of a linear surgical stapling/cutting device, when the rack
1700 moves distally, the sled (carrying the stapling actuator and cutting blade) that causes both
staphing and cutting to occur 1s moved distally to effect both staphng and cutting. Because the tissue
placed between the jaws of the end effector is ditferent in virtually every surgical procedure, 2

physician cannot anticipate times when the sled will be jammed or stuck for any reason. Ina

tammed case, the sled will need to be retracted distally without use of the motor. There also exists

the possibility of a power loss or the possibility that the motor fails i a catastrophic fashion
rendering the output shaft fixed. If this occurred when the sted was in a distal position, the jaws of
the end effector would be held shut on the tissue therebetween and, consequently, the sled would
have to be moved proximally before the jaws could be opened and the tissue could be released. In
such a case, the rack 1700 will need to be retracted distally without use of the motor. To effect this
desired function, the invention is provided with a manual release assembiy 1800,

In each of FIGS. 37 to 44, 35, 59 to 62, the manual release lever 1810 15 in the un-actuated
{e.g., down) position. In FIGS. 45 and 57, the manual release lever 1310 1s in an intermediate
position. And, in FIGS. 46, 47, $6, and 58, the manual release lever 1810 is approximately in a fully
actuated {e.g., up) position.

When the manual release lever 1810 1s 1 the un-actuated position, as can be seen in FIG. 44,
the castle gear 1146 is engaged with the fourth stage pinion 1148, Thus, any rotation of the output
gear 1522 of the motor 1520 causes movement of the rack 1700. The fourth stage pinton 1148 is not

only directly connected to the fifth stage input gear 1154, however. It is also directly connected to a
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first stage release gear 1820, wlich, in tum, s directly connected to a second stage release gear
1830, Thus, any rotation of the tourth stage pinion 1148 necessarily causes a rotation of the second
stage release gear 1830 (the direction of which being dependent upon the number of gears
therebetween). If the axle of this gear 1830 was directly connected to the manual release lever 1810,
the lever 1810 would rotate every tune the fourth stage pinion 1148 rotated. And, if the fourth stage
pinion 1148 rotated more than one revolution, the lever 1810 could possibly be caused to rotate
through a full 360 degree revolution. As expected, this does not oceur due to the presence of a one-
way gear assembly coupling the manuoal release lever 1810 to the second stage release gear 1830 (see
explanation of FIG. 48 below). 1tis noted that the first stage release gear 1820 has a toothed shaft
1822 extending coaxially therefrom. This toothed shaft 1822 is directly coupled to an indicator
wheel 1840, As can be seen on the right surface of the wheel 1840, there is a curved shape linearly
expanding about the axis of the wheel 1840 and having a different color from the remainder of the
surface. When coupled with the window 1004 present on the right side shell 1002 (see FIGS. 64 to
65), the colored shape becomes more and nrore visible iy a linear manner -- corresponding to a lngar
distance of the rack 1700 traveled from the fully proximal {e.g., retracted) position.

The one-way gear assembly coupling the manual release lever 1810 to the second stage
release gear 1830 is shown in FIG. 48, This assembly 1s formed by providing a ratchet gear 1850
centered at a pivot point of the lever 1810 and extending an axie 1852 of the ratchet gear 1850 into
and through a center bore 1832 of the second stage release gear 1850, With the axle 1852 fixed to
the bore 1832 of the second stage release gear 1830 in this way, any rotation of the second stage
release gear 1830 causes a corresponding rotation of the ratchet gear 1850, But, merely having this
ratchet gear 1830 rotate with the second stage release gear 1830 does not, by itself, assist with a
manual release of the rack 1700 when the motor 1520 is not powering the drive tram.

To create the manual release function, two manual releasing items are present. The first item
is a device that uncouples the right side gear train from the left side gear train and motor. This
prevents the maoual release from having to overcome the resistance offered by hoth the motor 1520
and the gears of the left side train when the manuoal release is actuated. The uncoupling occurs when
the castle gear 1146 separates from the fourth stage pinion 1148, To cause this uncoupling, a cam
plate 1860 is disposed between the ratchet gear 1850 and the second stage release gear 1830 and is
rotationally fixed to the axle 1852, The cam plate 1860 is shown by itself in FIG. 52, The cam plate

1860 is provided with a ramped cam surface 1862 that is positioned to interact with the central
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Hange 11468 of the castle gear 1146, interaction of the cam plate 1860 with the central flange
11468 can be seen in the progression of FIGS. 44 t0 47 and in FIGS. 57 to 58,

In FIG. 44, the manual release lever 1810 is in an unactuated position, which means that it is
desired to have the castle gear 1146 rotationally coupled with the fourth stage pinion 1148, In this
way, any rotation of the motor 1520 will be translated into a rotation of the fourth stage pinion 1148
and a movement of the rack 1700, In FIGS. 45 1047 and 57 to 58, the manual release lever 181018
in one of a few actuated positions, each of which is illustrated as being sufficient to rotate the cam
plate 1860 to have the ramped cam surface 1862 contact the central flange 11468 of the castle gear
1146 and force the castle gear 1146 towards the left side sufficient to separate the castellations
11464 from the casteliation slots 11482 of the fourth stage pinion 1148, In this position, the castle
gear 1146 is rotationally uncouplied from the fourth stage pinion 1148, Thus, any rotation of the
motor 1520 (or the gears of the left side train) will be entirely independent from the right side gear
train, thus preventing any movement of the rack 1700 based upon rotation of the motor 1520,

After the right side gear tratn become rotationally independent from the right side motor and
gear train, 10 have a manual rack release function, the rack 1700 needs to be moved in the proximat
direction. To supply this movement, a second of the two above-mentioned manual releasing items is
provided. This second item interacts with the teeth 1832 of the ratchet gear 1850 so that a counter-
clockwise rotation of the manual refease fever 1810 (when viewed from the right side of the device
1000} causes the ratchet gear 1850 to spin 1 a counter-clockwise direction — this divection s desired
in the illustrated embodiment because such rotation causes a clockwise rotation of the fifth stage
pitaor 1156 -- g rotation that corresponds to proximal movement (e.g., retraction) of the rack 1700,
To control the ratchet gear 1830 with this counter-clockwise lever 1810 movement, the invention
provides a ratchet pawl 1870 that is rotatably mounted on a locking boss 1814 of the lever 1810,
This configuration is best llustrated in FIG. 48, A non-iHustrated teaf spring is secured in a spring
channel 1816 of the lever 1810 to bias the pawl 1870 in a direction D towards the ratchet gear 1850,
It is noted that if the pawl 18370 were not restrained in some way, however, the pawl 1870 would
abways contact the teeth 1852 of the ratchet gear 1850 and prevent any clockwise rotation of the gear
1850 - which occurs in the present emobodiment when the castle gear 1146 and the fourth stage
piion 1148 are engaged with one another (see, e, FIG. 44) and rotate together. To prevent this
condition, as shown in FIGS. 44 and 55, the distal end of the pawl 1870 has a widened portion 1872
that extends out from the pawl cavity 1818 towards the second stage release gear 1830. With the

presence of a second cam plate 1880 between the second stage release gear 1830 and the cam plate
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1870, a pawl cam 1882 can be positioned to contact the botton: surface of the widened portion 1872
and retain the pawl 1870 in the pawl cavity 1818 (by providing a force in a direction opposite to
direction D and against bias of the leaf spring) when the lever 1810 is in a home or unactuated
position. This contact between the pawl 1870 and the pawl cam 1882 is shown in FIGS. 44 and 55
Thus, when the lever 1810 15 not actuated, the pawl 1870 has no contact with the teeth 1852 of the
ratchet gear 1850, In contrast, when the manual release has rotated past a position sufficient to
separate the ratchet gear 1830 from the fourth stage pinion 1148, the bottom surface of the pawl
1870 no longer contacts the pawl cam 1882 of the non-rotating second cam plate 1880 and is,
therefore, free to move i the direction D {caused by the biasing force of the teaf spring) to engage
the teeth 1852 of the ratchet gear 1850 when rotating counter-clockwise. Thus, when rotating
clockwise, the pawl 1870 ratchets against the top surfaces of the teeth 1852,

After about fifteen degrees of travel of the lever 1810, for example, the pawt 1870 no longer
15 1 contact with the pawl cam 1882 and the castellations 11464 of the castle gear 1146 are no
fonger engaged with the castellation slots 11482 of the fourth stage pinion 1148, At this point, the
pawl 1870 15 permitied to move towards the axle 1852 and engages one of the teeth 1852 of the
ratchet gear 1850, Further counter-clockwise movement of the lever 1810 turns the ratchet gear
1850 correspondingly, which causes a corresponding counter-clockwise rotation of the second stage
release gear 1830, In tum, rotation of the second stage release gear 1830 causes clockwise rotation
of the first stage release gear 1820, counter-clockwise rotation of the fourth stage pinion 1148, and
clockwise rotation of the fifth stage input gear 1154, respectively. As indicated above, clockwise
rotation of the fitth stage input gear 1154 causes proximal movement of the rack 1700 — the desired
direction of movement during a manual release of the end effector feature connected to the rack
1700, As the lever 1810 is released, a retwrn bias 1890 forces the lever 1810 back to its unactuated
position (see FIG. 44), which causes the pawl cam 1882 to retumn the pawl 1870 1o its upper position
i the pawl cavity 1818 where it 15 disengaged from the teeth 1852 of the ratchet gear 1850, Itis
noted that contact between the pawl cam 1882 and the lower surface of the wideoed portion 1872 1s
made smooth by shaping the respective top front and top rear surfaces of the pawl cam 1882 and
bottom tront and bottom rear surfaces of the widened portion 1872, It is further noted that the retum
bias 1890 1s shown in FIGS. 46, 57, and 58, for example, as a coil spring, one end of which is
wrapped around a bolt secured to the fover 1810 and the other opposing end being a shafl that is

secured to a portion of the shell 1001, 1002, dlustrated in FIGs. 63-66. The opposing shaft of the
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movement does not occur in the invention.

As discussed above, one exemplary embodiment of the end effector for the device 1000 of
the present iovention includes a set of jaws that close down upon tissue disposed therebetween and a
stapler/cutter to secure together each of two sides of the tissue as 1t 15 being cut. The manual release
described above can be coupled to the stapler/cutter and the end effector closing assembly 1400 can
be coupled to the jaws to close the jaws together when actuated. FIGS. 539 1o 60 llustrate one
exemplary embodiment of the couple between the jaws and the end effector closing assembly 1400,
Here, the end effector closing assembly 1400 is comprised of a handle 1410 having a lever support
1412 and pivoting about a handle pivot 1414, The lever support 1412 is pivotally connected to a
first end of a link 1420, A second opposing end of the link 1420 is pivotally connected to a slider
shaft 1430, The end effector shaft assembly 1900 includes an outer shaft 1910 and an inner shaft
1920, The inner shaft 1910 is longitudinally fixed to the frames 1010, 1020 and to the lower jaw of
the end effector and, therefore, 15 the longitudinally fixed component of the end etfector. The outer

shaft 1920 15 connected about the inner shaft 1910 and longitudinally translates thereon. The upper

jaw of the end effector pivots in relation to the lower jaw. To cause the pivoting, the outer shaft

1920 1s extended from a proximal position, shown in FIG. 59, to a distal position, shown i FIG. 60.
Because the outer shaft 1920 surrounds the inner shaft, g portion (for example, an upper portion)
contacts the proximal end of the open upper jaw, which is at a position proximal of the upper jaw
pivot. As the outer shaft 1920 moves further distal, the upper jaw cannot transtate distally because
of the fixed ptvot position, but can rotate about that pivot. Accordingly, the upper jaw closes upon
the lower, longitudinally fixed jaw. Sunply put, and as can be seen in the progression from FIG. 39
to FIG. 60, when the handle 1410 1s moved towards the electric power assembly 1500, the slider
1430 moves in the fongitudinal direction from the proximal position of FKG. 59 to the distal position
of FIG. 60, This prior art jaw assembly is present on a hinear stapler manufactured by Ethicon Endo-
Surgery aoder the trade name Echelon EC60.

It is noted that this exemplary configuration of the end effector shaft assembly 1900 is
opposite to the end effector actuation shown in family of co-pending patent apphcations mentioned
above, including application serial no. 11/844,406, filed August 24, 2007, As shown in this
application in FIGS. 39 and 40, as the lower jaw/staple cartridge holder 1030 is translated in the

proximat direction over gap 1031, the upper anvil 1020 1s caused to pivot downward because the
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proximal upper edge of the upper anvil 1020 1s being pressed against the longitudinally fixed drum
sleeve 1040,

Various prior art linear staplers, such as the Echelon EC60 mentioned above, use the same
end effector and shaft. Therefore, it 1s desivable to have those prior art end effector shaft assemblies
be able to fit inside the device 1000 of the present invention. This is accomplished by configuring
the left and right side frames 10190, 1020 as shown in FIGS. 61 to 62, for example, The frames 1010,
1020 are formed with one side (the upper side) open as shown in FIG. 62, In this configuration, the
proximal end of the inner shaft 1910 prior art end effector shaft assembly can simply side i between
respective tabs 1012, 1022 to longitudinally fix the inner shaft 1910 (and, thus, the entire assembly)
therem and transversely fix the inner shaft 1910 therebetween in all radial directions except for the
direction in which the inper shaft 1910 was inserted into the opening between the frames 1010, 1020,
To close off this opening, a shaft plug 1930 is secured between the tabs 1012, 1022, for example,
with a bolt, as shown in FIG. 61, In another alternative embodiment, the shaft plug 1930 can be
entirely disregarded by extending the distal ends of the left and right frames 1010, 1020 and shaping
them, 1 a clam-shell design, to be secured around the inner shaft 1910 when placed together.

The foregoing description and accompanying drawings illustrate the principles, preferred
embodiments and modes of operation of the invention. More specifically, the optimized power
supply, motor, and drive train according to the present invention has been described with respect to a
surgical stapler. However, the invention should not be construed as being limited to the particular
embodiments discussed above. Additional variations of the embodiments discussed above will be
appreciated by those skilled 1 the art as well as for applications, unrelated to surgical devices, that
require an advanced power or current output for short and limited durations with a power cell having
a limited power or current output. As is shown and described, when optimized according to the

present invention, a limited power supply can produce lifting, pushing, pulling, dragging

Pou foaty

retaining,
and other kinds of forces sufficient to move a substantial amount of weight, for example, over 82 kg.
The above-described embodiments should be regarded as ilustrative rather thao restrictive.
Accordingly, it should be appreciated that variations to those embodiments can be made by those
skifled in the art without departing from the scope of the invention as defined by the following

claims.
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Clalnag
1. An electrically operated surgical instrument, comprising:
a surgical end effector having an actuation assembly operable to effect a surgical procedure when

actuated, a part of said actuation assembly operable fo move between a start position and a fully

S actuated position; and
a handle comnected to said end effector tor actuating said actuation assembly, satd handle having:
a self-contained power supply disposed entirely within said handle;
a drive assembly disposed entirely within said handle and having
an electrically powered motor; and
10 a controler electrically connected to said power supply and to said motor and
selectively operating said motor;
a transmussion mechanically connecting said motor to said moving part and being operable to
selectively displace said moving part anywhere between said start and fully extended
positions when said motor is operated; and
is a manual release mechanically coupled to said transmission to selectively intervupt said

transmission and, during interruption, displace said moving part towards said start position
wdependent of operation of said motor.
2. The instrament according to claim 1, wherein:
said surgical end effector 1s surgical linear stapling endocutter; and
20 said moving part includes at least a staple-actuating and tissue-cutting slide.
3. The instrument according to claim 2, wherein satd drive assembly and said transmission
are operable fo actuate a stapling-cutting feature of said endocutter.
4. The mstrument according to claim !, wherein said power supply is a removable battery

pack containing at least one battery.

D
L

5. The instrument according to claim 4, wherein said power supply is a series connection of
between four and six CR123 or CR2 power cells.

6. The instrument according to claim |, wherein said controller includes a multi-state switch
operable to cause rotation of said motor m a forward direction when said switch is m a first state and

1o cause rotation of satd motor in a reverse direction when said switch 18 in a se¢ond state.

Ll
(P

7. The instrument according 1o claim 1, wherein said transmission has a motor drive side and

an actuation drive side and said manuat release 15 coupled therebetween.
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8. The mnstraoment according to claim {, wherein said manual release is mechanically
disposed in said transmission,

9. The instrument according to claim 7, wherein:
said motor drive side has a series of rotation-reducing gears including a last gear;
said actuation drive side has:

at least one gear; and

a rack-and-pinion assembly coupled to said at feast one gear and directly connected to at least

a portion of said moving part; and
said manual release 1s mechanically coupled between said at least one gear and said last gear.

10, The instrument according to claim 9, wherein:
said motor has an output gear; and
said series of gears has a first stage coupled to said output gear.

11, The nstrument according to claim 10, wherein:
said series of gears includes first, second, and third stages, and g cross-over gear with a shaft
crossing from satd motor drive side to said actuation drive side; and
said cross-over gear is coupled to said third stage.

12, The instrument according to claim 9, wherein:
said series of gears has a cross-over gear with a cross-over shaft crossing from said motor drive side
to said actuation drive side;
said cross-over gear is coupled 1o said series of gears;
a castle gear is rotationally fixedly coupled about said cross-over shaft and longitudinally
translatable thereon, said castle gear having castellations extending towards said actuation drive side;
said at least one gear of satd actuation drive side inclodes a first pinion having casteliation slots
shaped to mate with said castellations;
a bias device is disposed between said cross-over gear and said castle gear and imparts a bias upon
said castle gear towards said actuation drive side to permit selective engagement of said castle gear
with said first pinion and, thereby, cause a corresponding rotation of said first pinion wath rotation of
said shaft when s0 engaged; and
said manual release has a release part shaped and positioned to provide an opposing force to
overcome sald bias on said castle gear and disengage said castle gear from said first pinion when

said manual release is at least parfially actuated.
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13, The instrument according to claim 12, wherein said at least one gear of said actuation
drive side includes a second pinion stage having:
a second pinion shaft,
a second pinjon gear coupled to said first pinion and rotationally fixed to said second pinion shait;
and
a third pinion rotationally fixed to said second pinion shaft, said third pinion being a pinion of said
rack-and-pinion assembly and longitudinally moving a rack thereot when rotated.

14. The instrument according to claim 12, wherein said manual release has:
a rest state in which said release part provides said opposing force at a magnitude less than said bias
to said castle gear;
a first partially actuated state in which said release part provides said opposing force at a magnitude
greater than said bias to said castle gear and move said castellations out from said castellation slots;
and
a second partially actuated state in which said manual release rotates said pinlon to move said rack
tongitudimally in a withdrawing direction.

15. The instrument according to claim 12, wherein:
said at least one gear of said actuation drive side includes at least one release gear; and
said first pinion is directly connected to said at least one release gear to rotate said at least one
release gear when rotated.

16. The instrument according to claim 12, wherein:
said at least one gear of satd actuation drive side includes first and second stage release gears; and
said first pinion is directly connected to said first stage release gear to rotate said first and second
release gears when rotated.

17. The instrument according to claim 13, wherein:
said manual release includes a manual release lever:

rotatably connected to said handle; and

having a one-way ratchet assembly; and
said at least one release gear has an axie directly connected to said ratchet assembly to rotate in a
corresponding manner with said lever when said lever is at least partially actuated and to rotate

mdependent of said lever when said lever is not actuated.
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18, A method for operating a surgical instrument, which comprises:
mechanically coupling a manuat release to a transmission of a surgical instrument having a self-
contained power supply disposed entirely within a handle thereof, the transmission translating
movement of an electrically powered motor inside the handle to movement of a part of a surgical
end effector connected to the handle, the part being operable to move anywhere between a start
position and a fully actuated posttion; and
selectively interrupting the transmission with the manual release to move the part towards the start
position independent of motor operation.

19, A method for operating a surgical instrument, which comprises:
providing a surgical end effector at a distal end of a surgical instrument handle, the end effector
having an actuation assembly operable to effect a surgical procedure when actuated, the actuation
assembly having a part operable to move between g start position and a fullv actuated position;
disposing a self-contained power supply and an electnically powered motor entirely within a handle
and connecting a motor controlier to the motor and to the power supply to selectively operate the
motor with the coatroller;
mechanically connecting the motor to the moving part through a transmission operable to selectively
displace the moving part anywhere between the start and fully extended positions when the motor is
operated; and
mechanically coupling a manual release to the transmission to selectively interrupt the transmission
and, during interruption, displace the moving part towards the start posttion independent of motor

operation,
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