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Description

BACKGROUND

1. Technicad Field

[0001] The present disclosure relates to surgical de-
vices and/or systems, and more specifically, to electro-
mechanical robotic and/or hand-held powered surgical
devices and/or systems including an emergency retrac-
tion algorithm.

2. Background of Related Art

[0002] A number of surgical device manufacturers
have developed product lines with proprietary drive sys-
tems for operating and/or manipulating electromechani-
cal surgical devices. In many instances the electrome-
chanical surgical devices include a reusable handle as-
sembly, and disposable or single use end effectors. The
end effectors are selectively connected to the handle as-
sembly prior to use and then disconnected from the han-
dle assembly following use in order to be disposed of or
in some instances sterilized for re-use.
[0003] Many of these electromechanical surgical de-
vices include complex drive components that utilize a
variety of user interfaces that accept user inputs (e.g.,
controls, buttons, toggles, screens, switches, etc.) for
controlling the devices as well as provide feedback to the
user. To prevent actuation of drive mechanisms beyond
mechanical limits, various switches and sensors are used
to detect operational state of the surgical devices. Inclu-
sion of multiple switches and/or sensors in the devices
as well as end effectors presents various problems. In
addition, cost or other considerations prevent the use of
such devices. Accordingly, there is a need for systems
and apparatuses having safety mechanisms that can de-
tect mechanical limits without relying on multiple me-
chanical limit sensors and/or switches disposed through-
out the surgical device.
[0004] Robotic systems for performing minimally inva-
sive surgery are also known. In WO 2000/51486, a sys-
tem is disclosed in which surgical instruments are re-
motely controlled.
[0005] EP 2 586 382 A2 discloses the preamble of
claim 1.
[0006] Additionally, electromechanical surgical devic-
es offer distinct advantages over purely mechanical de-
vices. However, such electromechanical surgical devic-
es are susceptible to previously unconsidered failure
modes. For example, one such failure mode is the mal-
function of any one or all of the user inputs, identified
above, or otherwise contemplated or implemented. Such
a failure could result in the electromechanical surgical
device being rendered non-operational at a time when
at least minimum levels of functionality are critical.
[0007] Accordingly, a need exists for methods, in the
form of algorithms, and associated software and hard-

ware implementing the methods which reduce risks as-
sociated with such failures of electromechanical surgical
devices.

SUMMARY

[0008] The invention provides an electromechanical
surgical system as defined by appended independent
claim 1. Preferred embodiments are defined by the de-
pendent claims.
[0009] A method for controlling the electromechanical
surgical system is also disclosed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Embodiments of the present disclosure are de-
scribed herein with reference to the accompanying draw-
ings, wherein:

FIG. 1 is a perspective, disassembled view of an
electromechanical surgical system including a sur-
gical instrument, an adapter, and an end effector,
according to the present disclosure;

FIG. 2 is a perspective view of the surgical instrument
of FIG. 1, according to the present disclosure;

FIG. 3 is perspective, exploded view of the surgical
instrument of FIG. 1, according to the present dis-
closure;

FIG. 4 is a perspective view of a battery of the surgical
instrument of FIG. 1, according to the present dis-
closure;

FIG. 5 is a top, partially-disassembled view of the
surgical instrument of FIG. 1, according to the
present disclosure;

FIG. 6 is a front, perspective view of the surgical
instrument of FIG. 1 with the adapter separated
therefrom, according to the present disclosure;

FIG. 7 is a side, cross-sectional view of the surgical
instrument of FIG. 1, as taken through 7-7 of FIG. 2,
according to the present disclosure;

FIG. 8 is a top, cross-sectional view of the surgical
instrument of FIG. 1, as taken through 8-8 of FIG. 2,
according to the present disclosure;

FIG. 9 is a perspective, exploded view of a end ef-
fector of FIG. 1, according to the present disclosure;

FIG. 10 is a schematic diagram of the surgical in-
strument of FIG. 1 according to the present disclo-
sure;
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FIG. 11 is a flow chart of an emergency retraction
algorithm for the electromechanical surgical system,
according to an embodiment of the present disclo-
sure;

FIG. 12 is a flow chart of an emergency retraction
algorithm for the electromechanical surgical system,
according to another embodiment of the present dis-
closure; and

FIG. 13 is a flow chart of an emergency retraction
algorithm for the electromechanical surgical system,
according to yet another embodiment of the present
disclosure.

DETAILED DESCRIPTION OF EMBODIMENTS

[0011] Embodiments of the presently disclosed elec-
tromechanical surgical system, surgical devices, and
adapter assemblies for surgical devices and/or handle
assemblies are described in detail with reference to the
drawings, in which like reference numerals designate
identical or corresponding elements in each of the sev-
eral views. As used herein the term "distal" refers to that
portion of the electromechanical surgical system, the
adapter assembly or the surgical device, or components
thereof, farther from the user, while the term "proximal"
refers to that portion of the electromechanical surgical
system, the adapter assembly or the surgical device, or
components thereof, closer to the user.
[0012] A surgical system, in accordance with an em-
bodiment of the present disclosure, is generally desig-
nated as 10, and is in the form of a powered hand held
electromechanical instrument configured for selective at-
tachment thereto of a plurality of different end effectors
that are each configured for actuation and manipulation
by the powered hand held electromechanical surgical in-
strument.
[0013] As illustrated in FIG. 1, surgical instrument 100
is configured for selective connection with an adapter
200, and, in turn, adapter 200 is configured for selective
connection with an end effector or single use loading unit
300.
[0014] As illustrated in FIGS. 1-3, surgical instrument
100 includes a handle housing 102 having a lower hous-
ing portion 104, an intermediate housing portion 106 ex-
tending from and/or supported on lower housing portion
104, and an upper housing portion 108 extending from
and/or supported on intermediate housing portion 106.
Intermediate housing portion 106 and upper housing por-
tion 108 are separated into a distal half-section 110a that
is integrally formed with and extending from the lower
portion 104, and a proximal half-section 110b connecta-
ble to distal half-section 110a by a plurality of fasteners.
When joined, distal and proximal half-sections 110a,
110b define a handle housing 102 having a cavity 102a
therein in which a circuit board 150 and a drive mecha-
nism 160 is situated.

[0015] Distal and proximal half-sections 110a, 110b
are divided along a plane that traverses a longitudinal
axis "X" of upper housing portion 108, as seen in FIGS.
2 and 3. Handle housing 102 includes a gasket 112 ex-
tending completely around a rim of distal half-section
and/or proximal half-section 110a, 110b and being inter-
posed between distal half-section 110a and proximal
half-section 110b. Gasket 112 seals the perimeter of dis-
tal half-section 110a and proximal half-section 110b.
Gasket 112 functions to establish an air-tight seal be-
tween distal half-section 110a and proximal half-section
110b such that circuit board 150 and drive mechanism
160 are protected from sterilization and/or cleaning pro-
cedures.
[0016] In this manner, the cavity 102a of handle hous-
ing 102 is sealed along the perimeter of distal half-section
110a and proximal half-section 110b yet is configured to
enable easier, more efficient assembly of circuit board
150 and a drive mechanism 160 in handle housing 102.
[0017] Intermediate housing portion 106 of handle
housing 102 provides a housing in which circuit board
150 is situated. Circuit board 150 is configured to control
the various operations of surgical instrument 100, as will
be set forth in additional detail below.
[0018] Lower housing portion 104 of surgical instru-
ment 100 defines an aperture (not shown) formed in an
upper surface thereof and which is located beneath or
within intermediate housing portion 106. The aperture of
lower housing portion 104 provides a passage through
which wires 152 pass to electrically interconnect electri-
cal components (a battery 156, as illustrated in FIG. 4, a
circuit board 154, as illustrated in FIG. 3, etc.) situated
in lower housing portion 104 with electrical components
(circuit board 150, drive mechanism 160, etc.) situated
in intermediate housing portion 106 and/or upper housing
portion 108.
[0019] Handle housing 102 includes a gasket 103 dis-
posed within the aperture of lower housing portion 104
thereby plugging or sealing the aperture of lower housing
portion 104 while allowing wires 152 to pass there-
through. Gasket 103 functions to establish an air-tight
seal between lower housing portion 106 and intermediate
housing portion 108 such that circuit board 150 and drive
mechanism 160 are protected from sterilization and/or
cleaning procedures.
[0020] As shown, lower housing portion 104 of handle
housing 102 provides a housing in which a rechargeable
battery 156, is removably situated. Battery 156 is config-
ured to supply power to any of the electrical components
of surgical instrument 100. Lower housing portion 104
defines a cavity (not shown) into which battery 156 is
inserted. Lower housing portion 104 includes a door 105
pivotally connected thereto for closing cavity of lower
housing portion 104 and retaining battery 156 therein.
[0021] With reference to FIGS. 3 and 5, distal half-sec-
tion 110a of upper housing portion 108 defines a nose
or connecting portion 108a. A nose cone 114 is supported
on nose portion 108a of upper housing portion 108. Nose
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cone 114 is fabricated from a transparent material. An
illumination member 116 is disposed within nose cone
114 such that illumination member 116 is visible there-
through. Illumination member 116 is may be a light emit-
ting diode printed circuit board (LED PCB). Illumination
member 116 is configured to illuminate multiple colors
with a specific color pattern being associated with a
unique discrete event.
[0022] Upper housing portion 108 of handle housing
102 provides a housing in which drive mechanism 160
is situated. As illustrated in FIG. 5, drive mechanism 160
is configured to drive shafts and/or gear components in
order to perform the various operations of surgical instru-
ment 100. In particular, drive mechanism 160 is config-
ured to drive shafts and/or gear components in order to
selectively move tool assembly 304 of end effector 300
(see FIGS. 1 and 9) relative to proximal body portion 302
of end effector 300, to rotate end effector 300 about a
longitudinal axis "X" (see FIG. 2) relative to handle hous-
ing 102, to move anvil assembly 306 relative to cartridge
assembly 308 of end effector 300, and/or to fire a stapling
and cutting cartridge within cartridge assembly 308 of
end effector 300.
[0023] The drive mechanism 160 includes a selector
gearbox assembly 162 that is located immediately prox-
imal relative to adapter 200. Proximal to the selector gear-
box assembly 162 is a function selection module 163
having a first motor 164 that functions to selectively move
gear elements within the selector gearbox assembly 162
into engagement with an input drive component 165 hav-
ing a second motor 166.
[0024] As illustrated in FIGS. 1-4, and as mentioned
above, distal half-section 110a of upper housing portion
108 defines a connecting portion 108a configured to ac-
cept a corresponding drive coupling assembly 210 of
adapter 200.
[0025] As illustrated in FIGS. 6-8, connecting portion
108a of surgical instrument 100 has a cylindrical recess
108b that receives a drive coupling assembly 210 of
adapter 200 when adapter 200 is mated to surgical in-
strument 100. Connecting portion 108a houses three ro-
tatable drive connectors 118, 120, 122.
[0026] When adapter 200 is mated to surgical instru-
ment 100, each of rotatable drive connectors 118, 120,
122 of surgical instrument 100 couples with a corre-
sponding rotatable connector sleeve 218, 220, 222 of
adapter 200, as shown in FIG. 6. In this regard, the in-
terface between corresponding first drive connector 118
and first connector sleeve 218, the interface between cor-
responding second drive connector 120 and second con-
nector sleeve 220, and the interface between corre-
sponding third drive connector 122 and third connector
sleeve 222 are keyed such that rotation of each of drive
connectors 118, 120, 122 of surgical instrument 100
causes a corresponding rotation of the corresponding
connector sleeve 218, 220, 222 of adapter 200.
[0027] The mating of drive connectors 118, 120, 122
of surgical instrument 100 with connector sleeves 218,

220, 222 of adapter 200 allows rotational forces to be
independently transmitted via each of the three respec-
tive connector interfaces. The drive connectors 118, 120,
122 of surgical instrument 100 are configured to be in-
dependently rotated by drive mechanism 160. In this re-
gard, the function selection module 163 of drive mecha-
nism 160 selects which drive connector or connectors
118, 120, 122 of surgical instrument 100 is to be driven
by the input drive component 165 of drive mechanism
160.
[0028] Since each of drive connectors 118, 120, 122
of surgical instrument 100 has a keyed and/or substan-
tially non-rotatable interface with respective connector
sleeves 218, 220, 222 of adapter 200, when adapter 200
is coupled to surgical instrument 100, rotational force(s)
are selectively transferred from drive mechanism 160 of
surgical instrument 100 to adapter 200.
[0029] The selective rotation of drive connector(s) 118,
120 and/or 122 of surgical instrument 100 allows surgical
instrument 100 to selectively actuate different functions
of end effector 300. As will be discussed in greater detail
below, selective and independent rotation of first drive
connector 118 of surgical instrument 100 corresponds to
the selective and independent opening and closing of
tool assembly 304 of end effector 300, and driving of a
stapling/cutting component of tool assembly 304 of end
effector 300. Also, the selective and independent rotation
of second drive connector 120 of surgical instrument 100
corresponds to the selective and independent articula-
tion of tool assembly 304 of end effector 300 transverse
to longitudinal axis "X" (see FIG. 2). Additionally, the se-
lective and independent rotation of third drive connector
122 of surgical instrument 100 corresponds to the selec-
tive and independent rotation of end effector 300 about
longitudinal axis "X" (see FIG. 2) relative to handle hous-
ing 102 of surgical instrument 100.
[0030] As mentioned above and as illustrated in FIGS.
5 and 8, drive mechanism 160 includes a selector gear-
box assembly 162; and a function selection module 163,
located proximal to the selector gearbox assembly 162,
that functions to selectively move gear elements within
the selector gearbox assembly 162 into engagement with
second motor 166. Thus, drive mechanism 160 selec-
tively drives one of drive connectors 118, 120, 122 of
surgical instrument 100 at a given time.
[0031] As illustrated in FIGS. 1-3, handle housing 102
supports a control assembly 107 on a distal surface or
side of intermediate housing portion 108. The control as-
sembly 107 is a fully-functional mechanical subassembly
that can be assembled and tested separately from the
rest of the instrument 100 prior to coupling thereto.
[0032] Control assembly 107, in cooperation with in-
termediate housing portion 108, supports a pair of finger-
actuated control buttons 124, 126 and a pair rocker de-
vices 128, 130 within a housing 107a. The control buttons
124, 126 are coupled to extension shafts 125, 127 re-
spectively. In particular, control assembly 107 defines an
upper aperture 124a for slidably receiving the extension
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shaft 125, and a lower aperture 126a for slidably receiving
the extension shaft 127.
[0033] As seen in FIGS. 1, 2 and 7, surgical instrument
100 includes a fire button or safety switch 132 supported
between intermediate housing portion 108 and upper
housing portion, and situated above trigger housing 107.
In use, tool assembly 304 of end effector 300 is actuated
between opened and closed conditions as needed and/or
desired. In order to fire end effector 300, to expel fasten-
ers therefrom when tool assembly 304 of end effector
300 is in a closed condition, safety switch 132 is de-
pressed thereby instructing surgical device 100 that end
effector 300 is ready to expel fasteners therefrom.
[0034] Reference may be made to U.S. Provisional
Patent Application Serial No. 61/654,191, filed on June
1, 2012, entitled "Hand Held Surgical Handle Assembly,
Surgical Adapters for Use Between Surgical Handle As-
sembly and Surgical End Effectors, and Methods of Use,"
for a detailed discussion of the construction and opera-
tion of features and components of surgical instrument
100 that are not explicitly described herein.
[0035] Referring to FIG. 9, drive assembly 360 of end
effector 300 includes a flexible drive shaft 364 having a
distal end which is secured to a dynamic drive beam 365,
and a proximal engagement section 368. Engagement
section 368 includes a stepped portion defining a shoul-
der 370. A proximal end of engagement section 368 in-
cludes diametrically opposed inwardly extending fingers
372. Fingers 372 engage a hollow drive member 374 to
fixedly secure drive member 374 to the proximal end of
shaft 364. Drive member 374 defines a proximal porthole
which receives a connection member of drive tube 246
(FIG. 1) of adapter 200 when end effector 300 is attached
to distal coupling 230 of adapter 200.
[0036] When drive assembly 360 is advanced distally
within tool assembly 304, an upper beam of drive beam
365 moves within a channel defined between anvil plate
312 and anvil cover 310 and a lower beam moves within
a channel of the staple cartridge 305 and over the exterior
surface of carrier 316 to close tool assembly 304 and fire
staples therefrom.
[0037] Proximal body portion 302 of end effector 300
includes a sheath or outer tube 301 enclosing an upper
housing portion 301a and a lower housing portion 301b.
The housing portions 301a and 301b enclose an articu-
lation link 366 having a hooked proximal end 366a which
extends from a proximal end of end effector 300. Hooked
proximal end 366a of articulation link 366 engages a cou-
pling hook (not shown) of adapter 200 when end effector
300 is secured to distal housing 232 of adapter 200.
When drive bar (not shown) of adapter 200 is advanced
or retracted as described above, articulation link 366 of
end effector 300 is advanced or retracted within end ef-
fector 300 to pivot tool assembly 304 in relation to a distal
end of proximal body portion 302.
[0038] As illustrated in FIG. 9, cartridge assembly 308
of tool assembly 304 includes a staple cartridge 305 sup-
portable in carrier 316. Staple cartridge 305 defines a

central longitudinal slot 305a, and three linear rows of
staple retention slots 305b positioned on each side of
longitudinal slot 305a. Each of staple retention slots 305b
receives a single staple 307 and a portion of a staple
pusher 309. During operation of instrument 100, drive
assembly 360 abuts an actuation sled 350 and pushes
actuation sled 350 through cartridge 305. As the actua-
tion sled moves through cartridge 305, cam wedges of
the actuation sled 350 sequentially engage staple push-
ers 309 to move staple pushers 309 vertically within sta-
ple retention slots 305b and sequentially eject a single
staple 307 therefrom for formation against anvil plate
312.
[0039] The end effector 300 may also include one or
more mechanical lockout mechanisms, such as those
described in commonly-owned U.S. Patent Nos.
5,071,052; 5,397,046; 5,413,267; 5,415,335; 5,715,988;
5,718,359; and 6,109,500. Reference may also be made
to U.S. Patent Publication No. 2009/0314821, filed on
August 31, 2009, entitled "TOOL ASSEMBLY FOR A
SURGICAL STAPLING DEVICE" for a detailed discus-
sion of the construction and operation of end effector 300.
[0040] Another embodiment of the instrument 100 is
shown in FIG. 10. The instrument 100 includes the motor
164. The motor 164 may be any electrical motor config-
ured to actuate one or more drives (e.g., rotatable drive
connectors 118, 120, 122 of FIG. 6). The motor 164 is
coupled to the battery 156, which may be a DC battery
(e.g., rechargeable lead-based, nickel-based, lithium-ion
based, battery etc.), an AC/DC transformer, or any other
power source suitable for providing electrical energy to
the motor 164.
[0041] The battery 156 and the motor 164 are coupled
to a motor driver circuit 404 disposed on the circuit board
154 which controls the operation of the motor 164 includ-
ing the flow of electrical energy from the battery 156 to
the motor 164. The instrument 100 may use multiple mo-
tors 164 and motor driver circuits 404 or a transmission
associated with a motor 100 (all not shown) to drive var-
ious functions of the instrument. The driver circuit 404
includes a plurality of sensors 408a, 408b, 408n config-
ured to measure operational states of the motor 164 and
the battery 156. The sensors 408a-n may include voltage
sensors, current sensors, temperature sensors, teleme-
try sensors, optical sensors, and combinations thereof.
The sensors 408a-408n may measure voltage, current,
and other electrical properties of the electrical energy
supplied by the battery 156. The sensors 408a-408n may
also measure rotational speed as revolutions per minute
(RPM), torque, temperature, current draw, and other op-
erational properties of the motor 164. RPM may be de-
termined by measuring the rotation of the motor 164. Po-
sition of various drive shafts (e.g., rotatable drive con-
nectors 118, 120, 122 of FIG. 6) may be determined by
using various linear sensors disposed in or in proximity
to the shafts or extrapolated from the RPM measure-
ments. In embodiments, torque may be calculated based
on the regulated current draw of the motor 164 at a con-
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stant RPM. In further embodiments, the driver circuit 404
and/or the controller 406 may measure time and process
the above-described values as a function thereof, includ-
ing integration and/or differentiation, e.g., to determine
the change in the measured values and the like.
[0042] The driver circuit 404 is also coupled to a con-
troller 406, which may be any suitable logic control circuit
adapted to perform the calculations and/or operate ac-
cording to a set of instructions described in further detail
below. The controller 406 may include a central process-
ing unit operably connected to a memory which may in-
clude transitory type memory (e.g., RAM) and/or non-
transitory type memory (e.g., flash media, disk media,
etc.). The controller 406 includes a plurality of inputs and
outputs for interfacing with the driver circuit 404. In par-
ticular, the controller 406 receives measured sensor sig-
nals from the driver circuit 404 regarding operational sta-
tus of the motor 164 and the battery 156 and, in turn,
outputs control signals to the driver circuit 404 to control
the operation of the motor 164 based on the sensor read-
ings and specific algorithm instructions, which are dis-
cussed in more detail below. The controller 406 is also
configured to accept a plurality of user inputs from a user
interface (e.g., switches, buttons, touch screen, etc. of
the control assembly 107 coupled to the controller 406).
[0043] The present disclosure provides for an appara-
tus and method for controlling the instrument 100 or any
other powered surgical instrument, including, but not lim-
ited to, linear powered staplers, circular or arcuate pow-
ered staplers, clip appliers, graspers, electrosurgical
sealing forceps, rotary tissue blending devices, and the
like.
[0044] Specifically, according to the present disclo-
sure, algorithms are provided for controlling surgical in-
strument 100 and/or surgical system 10 in the event that
an input element (i.e., control buttons 124, 126, rocker
devices 128, 130, other buttons, switches, touch screens,
controls, toggles, etc.) should malfunction or otherwise
become inoperable or non-responsive during a surgical
procedure, i.e., following initial actuation of surgical in-
strument 100 and/or surgical system 10. In such a situ-
ation, it is imperative that surgical instrument 100 and/or
surgical system 10 be provided with an emergency re-
traction algorithm to overcome any malfunction, inoper-
ability or non-responsiveness of any input element of sur-
gical instrument 100 and/or surgical system 10.
[0045] As seen in FIG. 11, a flow chart of an algorithm,
in accordance with a first aspect of the present disclosure,
is generally designated as 500. Computer code or in-
structions implementing algorithm 500 may be retained
locally in circuit board 150 or circuit board 154 of surgical
instrument 100, in a memory device (not shown) of end
effector 300, or in a remote computer system (not shown)
which is in wired or wireless communication with surgical
instrument 100 and/or surgical system 10.
[0046] In use, during operation of surgical system 10,
sensors and the like monitor the operation of surgical
instrument 100 and/or end effector 300. As seen in the

flow chart of FIG. 11, if, at step 510, surgical instrument
100 operates normally (i.e., end effector 300 fires com-
pletely into tissue, and end effector 300 automatically
retracts an unclamped position), as intended, then, at
step 512, an emergency recovery mode 530 is not exe-
cuted.
[0047] However, if, at step 510, surgical instrument 100
fails to operate normally or as intended, then, at step 520,
an inquiry is executed related to a functionality of the
input elements discussed above. If, at step 520, it is de-
termined that surgical instrument 100 has not malfunc-
tioned in a manner which prohibits intended user actua-
tion of the input elements (i.e., broken button, stuck down
fire button, broken hall effect sensor, etc.), then, at step
522, it is concluded that end effector 300 is clamped onto
underlying tissue and nonresponsive, requiring further
intervention.
[0048] If, at step 520, it is determined that surgical in-
strument 100 has malfunctioned in a manner which pro-
hibits intended user actuation of the input elements, then,
at step 524, the surgeon enters emergency recovery
mode 530.
[0049] Emergency recovery mode 530 includes at
least the following steps. At step 532, the surgeon re-
moves battery 156 from lower housing portion of handle
housing 102 of surgical instrument 100. Then, at step
534, re-insert battery 156 into lower housing portion of
handle housing 102 of surgical instrument 100. After re-
insertion of battery 156 into surgical instrument 100, at
step 536, surgical instrument 100 undergoes a re-boot
or boot-up sequence.
[0050] Since end effector 300 and adapter 200 are still
attached or connected to surgical instrument 100, during
the re-boot or boot-up sequence, at step 536, surgical
instrument 100 detects the presence of end effector 300
and enters an emergency retraction mode 540.
[0051] This simple removal and insertion of battery 156
by the surgeon, and its automatic undergoing of a re-boot
or boot-up sequence, may be considered an "intuitive
activation." The "intuitive activation" to enter the emer-
gency retraction mode 540 may be achieved even with
a maximum degree of damage to surgical instrument
(i.e., all input elements damaged and only battery con-
nections, main circuit board 150 and the drive train of
surgical system 10 are functioning).
[0052] While in the emergency retraction mode 540,
at step 542, instrument 100 automatically fully retracts
drive assembly 360 of end effector 300 by setting function
selection module 163 to operate an appropriate one of
drive connectors 118, 120, 122 (i.e., first drive connector
118 which is associated with the opening and closing of
tool assembly 304 of end effector 300), and activating
second motor 166 in reverse. Drive assembly 360 of end
effector 300 is retracted until tool assembly 304 of end
effector 300 is returned to a fully open position. With tool
assembly 304 of end effector 300 in a fully open position,
any tissue trapped within tool assembly 304 may be re-
moved.
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[0053] Then, either prior to, simultaneously with, or im-
mediately following removal of the trapped tissue from
tool assembly 304 of end effector 300, at step 544, all
remaining operations or functions of surgical instrument
100 (i.e., including clamping and/or firing) are disabled.
Then, at step 546, surgical instrument 100, adapter 200
and/or end effector 300 is/are removed from the surgical
site (i.e., withdrawn from the trocar or the like).
[0054] As seen in FIG. 12, a flow chart of an algorithm,
in accordance with a second aspect of the present dis-
closure, is generally designated as 600. Algorithm 600
may be retained locally in circuit board 150 or circuit
board 154 of surgical instrument 100, in a memory device
(not shown) of end effector 300, or in a remote computer
system (not shown) which is in wired or wireless com-
munication with surgical instrument 100 and/or surgical
system 10.
[0055] In use, during operation of surgical system 10,
sensors and the like monitor the operation of surgical
instrument 100 and/or end effector 300. As seen in the
flow chart of FIG. 12, if, at step 610, surgical instrument
100 operates normally (i.e., end effector 300 fires com-
pletely into tissue, and end effector 300 automatically
retracts an unclamped position), as intended, then, at
step 612, an emergency recovery mode 630 is not exe-
cuted.
[0056] However, if, at step 610, surgical instrument 100
fails to operate normally or as intended, then, at step 620,
an inquiry is executed related to a functionality of the
input elements discussed above. If, at step 620, it is de-
termined that surgical instrument 100 has not malfunc-
tioned in a manner which prohibits intended user actua-
tion of the input elements (i.e., broken button, stuck down
fire button, broken hall effect sensor, etc.), then, at step
622, it is concluded that end effector 300 is clamped onto
underlying tissue and nonresponsive.
[0057] If, at step 620, it is determined that surgical in-
strument 100 has malfunctioned in a manner which pro-
hibits intended user actuation of the input elements, then,
at step 624, the surgeon enters emergency recovery
mode 630.
[0058] Emergency recovery mode 630 includes at
least the following steps. At step 632, the surgeon re-
moves battery 156 from lower housing portion of handle
housing 102 of surgical instrument 100. Then, at step
633, the surgeon depresses and holds down safety but-
ton 132 of surgical instrument 100. With safety button
132 depressed and held down, then, at step 634, the
surgeon re-inserts battery 156 into lower housing portion
of handle housing 102 of surgical instrument 100. After
re-insertion of battery 156 into surgical instrument 100,
at step 636, surgical instrument 100 undergoes a re-boot
or boot-up sequence.
[0059] Since safety button 132 has been continuously
depressed or held down (i.e., for between about 0 and
30 seconds, desirably about 20 seconds) while battery
156 is re-inserted, during the re-boot or boot-up se-
quence, at step 636, surgical instrument 100 detects that

safety button 132 has been so depressed or held and
enters an emergency retraction mode 640.
[0060] While in the emergency retraction mode 640,
at step 642, instrument 100 automatically fully retracts
drive assembly 360 of end effector 300 by setting function
selection module 163 to operate an appropriate one of
drive connectors 118, 120, 122 (i.e., first drive connector
118 which is associated with the opening and closing of
tool assembly 304 of end effector 300), and activating
second motor 166 in reverse. Drive assembly 360 of end
effector 300 is retracted until tool assembly 304 of end
effector 300 is returned to a fully open position. With tool
assembly 304 of end effector 300 in a fully open position,
any tissue trapped within tool assembly 304 may be re-
moved.
[0061] Then, either prior to, simultaneously with, or im-
mediately following removal of the trapped tissue from
tool assembly 304 of end effector 300, at step 644, safety
button 132 is released, and jaws 306, 308 of end effector
300 remain open.
[0062] Then, at step 646, safety button 132 is re-de-
pressed or re-held down, jaws 306, 308 of end effector
300 are automatically re-actuated to a closed or clamped
position, to re-clamp onto the tissue, whereby the "in vivo"
or re-clamped tissue may be removed from the surgical
site (i.e., withdrawn from the trocar or the like).
[0063] In the present aspect of the disclosure, the user
or surgeon controls the activation of the emergency re-
traction mode 640 by depressing and holding down safe-
ty button 132 for a specified period of time. In accordance
with the present disclosure, in an alternate arrangement
or set-up, input elements (i.e., control buttons 124, 126;
rocker devices 128, 130; etc.) other than safety button
132 may be depressed and held down for a specified
period of time during the re-boot or boot-up sequence in
order for surgical system 10 and/or surgical instrument
100 to enter the emergency retraction mode 640.
[0064] Additionally, in accordance with the present as-
pect of the disclosure, functionality of surgical system 10
and/or surgical instrument 100, when surgical system 10
and/or surgical instrument 100 is in the emergency re-
traction mode 640, is limited solely to the closure of jaws
306, 308 of end effector 300.
[0065] As seen in FIG. 13, a flow chart of an algorithm,
in accordance with yet another aspect of the present dis-
closure, is generally designated as 700. Algorithm 700
may be retained locally in circuit board 150 or circuit
board 154 of surgical instrument 100, in a memory device
(not shown) of end effector 300, or in a remote computer
system (not shown) which is in wired or wireless com-
munication with surgical instrument 100 and/or surgical
system 10.
[0066] In use, during operation of surgical system 10,
sensors and the like monitor the operation of surgical
instrument 100 and/or end effector 300. As seen in the
flow chart of FIG. 13, if, at step 710, surgical instrument
100 operates normally (i.e., end effector 300 fires com-
pletely into tissue, and end effector 300 automatically
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retracts an unclamped position), as intended, then, at
step 712, an emergency recovery mode 730 is not exe-
cuted.
[0067] However, if, at step 710, surgical instrument 100
fails to operate normally or as intended, then, at step 720,
an inquiry is executed related to a functionality of the
input elements discussed above. If, at step 720, it is de-
termined that surgical instrument 100 has not malfunc-
tioned in a manner which prohibits intended user actua-
tion of the input elements (i.e., broken button, stuck down
fire button, broken hall effect sensor, etc.), then, at step
722, it is concluded that end effector is clamped onto
underlying tissue and nonresponsive.
[0068] If, at step 720, it is determined that surgical in-
strument 100 has malfunctioned in a manner which pro-
hibits intended user actuation of the input elements, then,
at step 724, the surgeon enters emergency recovery
mode 730.
[0069] Emergency recovery mode 730 includes at
least the following steps. At step 732, the surgeon re-
moves battery 156 from lower housing portion of handle
housing 102 of surgical instrument 100. Then, at step
734, re-insert battery 156 into lower housing portion of
handle housing 102 of surgical instrument 100. After re-
insertion of battery 156 into surgical instrument 100, at
step 736, surgical instrument 100 undergoes a re-boot
or boot-up sequence.
[0070] Since end effector 300 and adapter 200 are still
attached or connected to surgical instrument 100, during
the re-boot or boot-up sequence, at step 736, surgical
instrument 100 detects the presence of end effector 300
and enters an emergency retraction mode 740.
[0071] This simple removal and insertion of battery 156
by the surgeon, and its automatic undergoing of a re-boot
or boot-up sequence, may be considered an "intuitive
activation." The "intuitive activation" to enter the emer-
gency retraction mode 740 may be achieved even with
a maximum degree of damage to surgical instrument
(i.e., all input elements damaged and only battery con-
nections, main circuit board 150 and the drive train of
surgical system 10 are functioning).
[0072] While in the emergency retraction mode 740,
at step 742, instrument 100 automatically fully retracts
drive assembly 360 of end effector 300 by setting function
selection module 163 to operate an appropriate one of
drive connectors 118, 120, 122 (i.e., first drive connector
118 which is associated with the opening and closing of
tool assembly 304 of end effector 300), and activating
second motor 166 in reverse. Drive assembly 360 of end
effector 300 is retracted until tool assembly 304 of end
effector 300 is returned to a fully open position. With tool
assembly 304 of end effector 300 in a fully open position,
any tissue trapped within tool assembly 304 may be re-
moved.
[0073] Then, either prior to, simultaneously with, or im-
mediately following removal of the trapped tissue from
tool assembly 304 of end effector 300, at step 744, all
operations or functions of surgical instrument 100 (i.e.,

including clamping and/or firing) are disabled, except for
an articulation function of end effector 300. Then, at step
746, surgical instrument 100, adapter 200 and/or end
effector 300 is/are removed from the surgical site (i.e.,
withdrawn from the trocar or the like).

Claims

1. An electromechanical surgical system comprising a
hand-held surgical instrument (100) including a han-
dle housing (102); a motor (164, 166) disposed within
the handle housing; a controller (406) disposed with-
in the handle housing and being in electrical com-
munication with the motor; a battery (156) selective-
ly, removably insertable into the handle housing and
being in electrical communication with at least one
of the motor and the controller when disposed within
the handle housing; and at least one input element
(124, 126, 132) supported on the handle housing
and actuatable by a user to send control signals to
the controller to operate the motor; and wherein the
surgical system further comprises an end effector
(300) selectively and removably connectable to the
surgical instrument, the end effector including a jaw
assembly (304) having a staple cartridge (308) con-
taining a plurality of staples and an anvil (306) to
form the plurality of staples upon firing; and a drive
assembly (360) connected at least partially located
within the jaw assembly and operatively connected
to the motor when the end effector is connected to
the surgical instrument for actuation by the motor;
characterized in that the controller is configured to
enter an emergency retraction mode upon a user-
executed removal and re-insertion of the battery into
the handle housing when an inquiry executed by the
controller, related to a functionality of the at least one
input element, determines that at least one input el-
ement is incapable of providing control signals to the
controller to operate the motor, wherein in the emer-
gency retraction mode the controller is configured to
activate the motor to fully withdraw the drive assem-
bly from any advanced position thereof.

2. The electromechanical surgical system according to
claim 1, wherein the controller is configured to un-
dergo a re-boot during the emergency retraction
mode, whereby the controller is configured to detect
if the end effector is connected to the surgical instru-
ment.

3. The electromechanical surgical system according to
claim 2, wherein in the emergency retraction mode,
the drive assembly is configured to be automatically
retracted, preferably wherein retraction of the drive
assembly to a fully retracted position opens the jaw
assembly.
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4. The electromechanical surgical system according to
claim 3, wherein the controller is configured to disa-
ble all remaining functions of the surgical system in
the emergency retraction mode.

5. The electromechanical surgical system according to
claim 1, wherein the controller is configured to enter
the emergency retraction mode upon a user-execut-
ed removal of the battery from the handle housing,
then a pressing and holding of a safety button, and
then a re-insertion of the battery into the handle hous-
ing, wherein the safety button is supported on the
handle housing.

6. The electromechanical surgical system according to
claim 5, wherein the controller is configured to un-
dergo a re-boot during the emergency retraction
mode, whereby the controller is configured to detect
if the end effector is connected to the surgical instru-
ment.

7. The electromechanical surgical system according to
claim 6, wherein in the emergency retraction mode,
the drive assembly is configured to be automatically
retracted.

8. The electromechanical surgical system according to
claim 7, wherein retraction of the drive assembly to
a fully retracted position opens the jaw assembly.

9. The electromechanical surgical system according to
claim 8, wherein the controller is configured to not
automatically re-advance the drive assembly follow-
ing retraction of the drive assembly, when the safety
button is released by the user.

10. The electromechanical surgical system according to
claim 9, wherein the controller is configured to acti-
vate the motor to re-close the jaw assembly following
a release of the safety button, and following a re-
pressing and holding of the safety button, in the
emergency retraction mode.

11. The electromechanical surgical system according to
any of claims 1 to 3, wherein in the emergency re-
traction mode the controller is configured to disable
all remaining functions of the surgical system with
the exception of an articulation function.

12. The electromechanical surgical system according to
claim 11, wherein in the emergency retraction mode,
the surgical instrument is operable to articulate the
end effector.

13. The electromechanical surgical system according to
any preceding claim, wherein the controller is con-
figured to undergo a re-boot during the emergency
retraction mode.

Patentansprüche

1. Elektromechanisches chirurgisches System mit ei-
nem chirurgischen Handinstrument (100), umfas-
send ein Griffgehäuse (102); einen Motor (164, 166),
der innerhalb des Griffgehäuses angeordnet ist; eine
Steuereinheit (406), die innerhalb des Griffgehäuses
angeordnet ist und mit dem Motor in elektrischer
Kommunikation steht; eine Batterie (156), die selek-
tiv in das Griffgehäuse entfernbar einsetzbar ist und
mit mindestens einem von dem Motor und der Steu-
ereinheit in elektrischer Kommunikation steht, wenn
sie innerhalb des Griffgehäuses angeordnet ist; und
mindestens ein Eingabeelement (124, 126, 132),
das auf dem Griffgehäuse getragen wird und von
einem Benutzer betätigbar ist, um Steuersignale an
die Steuereinheit zu senden, um den Motor zu be-
treiben; und wobei das chirurgische System ferner
einen Endeffektor (300) umfasst, der selektiv und
entfernbar mit dem chirurgischen Instrument ver-
bindbar ist, wobei der Endeffektor eine Klemmba-
ckenanordnung (304) mit einem Heftklammermaga-
zin (308) aufweist, das mehrere Heftklammern und
einen Amboss (306) enthält, um die mehreren Heft-
klammern beim Auslösen zu formen; und eine An-
triebsanordnung (360), die mindestens teilweise in-
nerhalb der Klemmbackenanordnung angeordnet
und betreibbar mit dem Motor verbunden ist, wenn
der Endeffektor mit dem chirurgischen Instrument
für eine Betätigung durch den Motor verbunden ist;
dadurch gekennzeichnet, dass die Steuereinheit
ausgelegt ist, in einen Notfalleinfahrmodus bei ei-
nem von dem Benutzer ausgeführten Entfernen und
einem Wiedereinsetzen der Batterie in das Griffge-
häuse einzutreten, wenn eine Anfrage, die von der
Steuereinheit ausgeführt wird, in Bezug auf eine
Funktionalität des mindestens einen Eingabeele-
ments bestimmt, dass mindestens ein Eingabeele-
ment Steuersignale an die Steuereinheit liefern
kann, um den Motor zu betreiben, wobei in dem Not-
falleinfahrmodus die Steuereinheit ausgelegt ist, den
Motor zu aktivieren, um die Antriebsanordnung voll-
ständig aus irgendeiner vorgerückten Position da-
von zurückzuziehen.

2. Elektromechanisches chirurgisches System nach
Anspruch 1, wobei die Steuereinheit ausgelegt ist,
einen Neustart während des Notfalleinfahrmodus
einzugehen, wodurch die Steuereinheit ausgelegt ist
zu detektieren, ob der Endeffektor mit dem chirurgi-
schen Instrument verbunden ist.

3. Elektromechanisches chirurgisches System nach
Anspruch 2, wobei im Notfalleinfahrmodus die An-
triebsanordnung ausgelegt ist, automatisch einge-
fahren zu werden, wobei vorzugsweise das Einfah-
ren der Antriebsanordnung in die vollständig einge-
fahrene Position die Klemmbackenanordnung öff-
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net.

4. Elektromechanisches chirurgisches System nach
Anspruch 3, wobei die Steuereinheit ausgelegt ist,
alle übrigen Funktionen des chirurgischen Systems
im Notfalleinfahrmodus zu sperren.

5. Elektromechanisches chirurgisches System nach
Anspruch 1, wobei die Steuereinheit ausgelegt ist,
in den Notfalleinfahrmodus einzutreten bei einem
vom Benutzer ausgeführten Entfernen der Batterie
aus dem Griffgehäuse, dann einem Drücken und
Halten eines Sicherheitsknopfs, und dann einem
Wiedereinsetzen der Batterie in das Griffgehäuse,
wobei der Sicherheitsknopf auf dem Griffgehäuse
getragen wird.

6. Elektromechanisches chirurgisches System nach
Anspruch 5, wobei die Steuereinheit ausgelegt ist,
einen Neustart während des Notfalleinfahrmodus
einzugehen, wodurch die Steuereinheit ausgelegt ist
zu detektieren, ob der Endeffektor mit dem chirurgi-
schen Instrument verbunden ist.

7. Elektromechanisches chirurgisches System nach
Anspruch 6, wobei im Notfalleinfahrmodus die An-
triebsanordnung ausgelegt ist, automatisch einge-
fahren zu werden.

8. Elektromechanisches chirurgisches System nach
Anspruch 7, wobei das Einfahren der Antriebsanord-
nung in eine vollständig eingefahrene Position die
Klemmbackenanordnung öffnet.

9. Elektromechanisches chirurgisches System nach
Anspruch 8, wobei die Steuereinheit ausgelegt ist,
die Antriebsanordnung nach dem Einfahren der An-
triebsanordnung nicht automatisch erneut vorzurü-
cken, wenn der Sicherheitsknopf vom Benutzer los-
gelassen wird.

10. Elektromechanisches chirurgisches System nach
Anspruch 9, wobei die Steuereinheit ausgelegt ist,
den Motor zu aktivieren, die Klemmbackenanord-
nung nach dem Loslassen des Sicherheitsknopfs
und nach dem erneuten Drücken und Halten des Si-
cherheitsknopfs im Notfalleinfahrmodus erneut zu
schließen.

11. Elektromechanisches chirurgisches System nach
einem der Ansprüche 1 bis 3, wobei im Notfallein-
fahrmodus die Steuereinheit ausgelegt ist, alle übri-
gen Funktionen des chirurgischen Systems mit Aus-
nahme einer Gelenkfunktion zu sperren.

12. Elektromechanisches chirurgisches System nach
Anspruch 11, wobei im Notfalleinfahrmodus das chi-
rurgische Instrument betreibbar ist, den Endeffektor

anzulenken.

13. Elektromechanisches chirurgisches System nach
einem der der vorhergehenden Ansprüche, wobei
die Steuereinheit ausgelegt ist, einen Neustart wäh-
rend des Notfalleinfahrmodus einzugehen.

Revendications

1. Système chirurgical électromécanique comprenant
un instrument chirurgical portable (100) comprenant
un boîtier de poignée (102) ; un moteur (164, 166)
disposé dans le boîtier de poignée ; un dispositif de
commande (406) disposé dans le boîtier de poignée
et qui est en communication électrique avec le mo-
teur; une pile (156) qui peut être insérée de manière
sélective et amovible dans le boîtier de poignée et
qui est en communication électrique avec au moins
l’un du moteur et du dispositif de commande lorsqu’il
est disposé dans le boîtier de poignée ; et au moins
un élément d’entrée (124, 126, 132) supporté sur le
boîtier de poignée et qui peut être actionné par un
utilisateur pour envoyer des signaux de commande
au dispositif de commande afin de faire fonctionner
le moteur ; et dans lequel le système chirurgical com-
prend en outre un effecteur terminal (300) qui peut
être connecté sélectivement et de manière amovible
à l’instrument chirurgical, l’effecteur terminal com-
prenant un ensemble de mors (304) ayant une car-
touche d’agrafes (308) contenant une pluralité
d’agrafes et une enclume (306) pour former la plu-
ralité d’agrafes lors d’un tir; et un ensemble d’entraî-
nement (360) situé au moins en partie dans l’ensem-
ble de mors et connecté en service au moteur lors-
que l’effecteur terminal est connecté à l’instrument
chirurgical pour un actionnement par le moteur ;
caractérisé en ce que le dispositif de commande
est configuré pour entrer dans un mode de rétraction
d’urgence lors d’un retrait exécuté par un utilisateur
et de la réinsertion de la pile dans le boîtier de poi-
gnée lorsqu’une demande exécutée par le dispositif
de commande et en rapport avec une fonctionnalité
du au moins un élément d’entrée détermine qu’au
moins un élément d’entrée est incapable de fournir
des signaux de commande au dispositif de comman-
de pour faire fonctionner le moteur, dans lequel,
dans le mode de rétraction d’urgence, le dispositif
de commande est configuré pour activer le moteur
afin de retirer complètement l’ensemble d’entraîne-
ment d’une position avancée quelconque de celui-ci.

2. Système chirurgical électromécanique selon la re-
vendication 1, dans lequel le dispositif de commande
est configuré pour subir un réamorçage au cours du
mode de rétraction d’urgence, le dispositif de com-
mande étant configuré pour détecter si l’effecteur
terminal est connecté à l’instrument chirurgical.
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3. Système chirurgical électromécanique selon la re-
vendication 2, dans lequel, dans le mode de rétrac-
tion d’urgence, l’ensemble d’entraînement est con-
figuré pour être automatique rétracté, de préférence
dans lequel la rétraction de l’ensemble d’entraîne-
ment dans une position complètement rétractée
ouvre l’ensemble de mors.

4. Système chirurgical électromécanique selon la re-
vendication 3, dans lequel le dispositif de commande
est configuré pour désactiver toutes les fonctions
restantes du système chirurgical dans le mode de
rétraction d’urgence.

5. Système chirurgical électromécanique selon la re-
vendication 1, dans lequel le dispositif de commande
est configuré pour entrer dans le mode de rétraction
d’urgence lors d’un retrait de la pile du boîtier de
poignée exécuté par un utilisateur, puis d’une pres-
sion et d’un maintien d’un bouton de sécurité, puis
d’une réinsertion de la pile dans le boîtier de poignée,
dans lequel le bouton de sécurité est supporté sur
le boîtier de poignée.

6. Système chirurgical électromécanique selon la re-
vendication 5, dans lequel le dispositif de commande
est configuré pour subir un réamorçage au cours du
mode de rétraction d’urgence, le dispositif de com-
mande étant configuré pour détecter si l’effecteur
terminal est connecté à l’instrument chirurgical.

7. Système chirurgical électromécanique selon la re-
vendication 6, dans lequel, dans le mode de rétrac-
tion d’urgence, l’ensemble d’entraînement est con-
figuré pour être automatiquement rétracté.

8. Système chirurgical électromécanique selon la re-
vendication 7, dans lequel la rétraction de l’ensemble
d’entraînement dans une position complètement ré-
tractée ouvre l’ensemble de mors.

9. Système chirurgical électromécanique selon la re-
vendication 8, dans lequel le dispositif de commande
est configuré pour ne pas faire réavancer automati-
quement l’ensemble d’entraînement après une ré-
traction de l’ensemble d’entraînement lorsque le
bouton de sécurité est relâché par l’utilisateur.

10. Système chirurgical électromécanique selon la re-
vendication 9, dans lequel le dispositif de commande
est configuré pour activer le moteur afin de refermer
l’ensemble de mors à la suite d’une libération du bou-
ton de sécurité et après un re-pressage et un main-
tien du bouton de sécurité dans le mode de rétraction
d’urgence.

11. Système chirurgical électromécanique selon l’une
quelconque des revendications 1 à 3, dans lequel,

dans le mode de rétraction d’urgence, le dispositif
de commande est configuré pour désactiver toutes
les fonctions restantes du système chirurgical à l’ex-
ception d’une fonction d’articulation.

12. Système chirurgical électromécanique selon la re-
vendication 11, dans lequel, dans le mode de rétrac-
tion d’urgence, l’instrument chirurgical est à même
d’articuler l’effecteur terminal.

13. Système chirurgical électromécanique selon l’une
quelconque des revendications précédentes, dans
lequel le dispositif de commande est configuré pour
subir un réamorçage au cours du mode de rétraction
d’urgence.
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