wo 20247238339 A2 |0 000 KOO0 0O 00

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
21 November 2024 (21.11.2024)

(10) International Publication Number

WO 2024/238339 A2

WIPO I PCT

(51) International Patent Classification:

Ellwood City, PA 16117 (US). LECKER, Paul; 1483

Not classified Steubenville Pike, Burgettstown, PA 15021 (US).
(21) International Application Number: (74) Agent: BARTONY, Henry, E., Jr., Bartony & Associates,

PCT/US2024/028816 LLC, P. O. Box 910, Butler, PA 16003-0910 (US).
(22) International Filing Date: (81) Designated States (unless otherwise indicated, for every
10 May 2024 (10.05.2024) kind of national protection available). AE, AG, AL, AM,
(25) Filing Language: English AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
: CA, CH, CL, CN, CO, CR, CU, CV, CZ, DE, DJ, DK, DM,
(26) Publication Language: English DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
L HN, HR, HU, ID, IL, IN, IQ, IR, IS, IT, IM, JO, JP, KE, KG,
(30) Priority Data: KH, KN, KP, KR, KW, KZ, LA, LC, LK. LR, LS, LU, LY,
63/466,417 15 May 2023 (15.05.2023) US MA, MD, MG, MK, MN, MU, MW, MX, MY, MZ, NA.,
(71) Applicants: UNIVERSITY OF PITTSBURGH - OF NG, NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO,
THE COMMONWEALTH SYSTEM OF HIGHER RS, RU,RW, SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH,
EDUCATION [US/US]; 1st Floor Gardner Steel Confer- TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, W§,

ence Center, 130 Thackeray Avenue, Pittsburgh, PA 15260 ZA,7ZM, ZW.

(US). UPMC [US/US]; U.S. Steel Tower, Room 6090, 600 (84) Designated States (unless otherwise indicated, for every

Grant Street, Pittsburgh, PA 15219 (US).

(72) Inventors: CHI, David, H.; 1407 Scarlett Ridge Dr., Pitts-
burgh, PA 15237 (US). DERVIL, Therlking; 4868 20th
Place SW, Naples, FL 34116 (US). ZEVALLOS, Jose,
P.; 110 Catalpa Ridge Rd, Pittsburgh, PA 15238 (US).
RATCHFORD, Benjamin; 142 Emerald Dr., Ebensburg,

PA 15931 (US). JOHNS, Megan; 127 E Charles St.,

kind of regional protection available): ARIPO (BW, CV,
GH, GM,KE, LR, LS, MW, MZ, NA, RW, SC, SD, SL, ST,
Sz, TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ,
RU, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ,
DE, DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU, LV, MC, ME, MK, MT, NL, NO, PL, PT, RO, RS, SE,

(54) Title: DEVICES, SYSTEMS, AND METHODS FOR CONTROLLING POWERED SURGICAL INSTRUMENTS

(57) Abstract: A system for performing a surgical procedure with a powered sur-
gical device which is configured to be connected to a power source to power a
tissue-interacting element of the powered surgical device, includes electronic cir-
cuitry configured to be placed in connection with the powered, surgical device and
a sensor system in communicative connection with the electronic circuitry. The
sensor system is configured to measure values of one or more variables related
to a risk of injury to non-targeted tissue over time during the surgical procedure.
The electronic circuitry is configured to control the tissue-interacting element as
a function of the measured values of the one or more variables.

11113
FIG. 12A 000 w00

1010

[Continued on next page]



WO 2024/238339 A2 | /11000000 O A SO

SL, SK, SM, TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN,
GQ, GW, KM, ML, MR, NE, SN, TD, TG).

Published:
—  without international search report and to be republished
upon receipt of that report (Rule 48.2(g))



WO 2024/238339 PCT/US2024/028816

DEVICES, SYNTEMS, AND METHODS FOR CONTROLLING POWERED
SURGHCAL INSTRUMENTS

CROSS-REFERENCE TO RELATED APPLICATIONS

(0001} This applicavon clamns benefit of US. Provisional Patent Application Seriad

No. 63/4066,417, Hled May 13, 2023, the disclosure of which 1s mcorporated heren by reference.
BACKGROUND

(0002} The followmg mformation is provided to assist the reader in understanding
technologies disclosed below and the enviromment i which such technologies may typically be
used. The termos used herem are not wtended to be hmited to any paricular narrow terpretation
unless clearly stated otherwise m this docwment.  References set forth herein may facilitate
understanding of the technologies or the background thereof. The disclosure of all references cited

heremn are mcorporated by reference.

[0003] A variety of powered surgieal nstruments or devices are ased in varioas surgical
procedures. Such powered surgical tools enhance surgeon performance and may provide

significant nnprovenents i outcome.

[0004] Electrocautery, for example, 5 a common technique in swgery 1o achieve results
such as hemostasis, surgical dissection, or reduction in nisk of infection. In electrocautery, a
surgeon uses a device which converts electnical energy to heat which 1s used to heat tarpeted tissue.
I current practice, an electrocautery device such as an electrocautery surgical pen or wand 15
compected directly to a curvent-generating system. Before the surgery. the surgeon places a
grounding pad on the patient’s body to protect the patient from potential harmful effects of the
electrie carrent. The electrie curvent does not enter the body duning surgery. Only the heated tip of
a probe of the electrocautery device comes o contact with tissue. The heat tip or tissue-

miteracting element reaches a sutficiently high temperature to seal or remove the tissue 1t contacts.

[6005] Although electrocautery 15 a very common procedure, electrocantery bas been
assoctated with a number of sigm ficant problems. For example, catastrophic awway fires can oceur
w hugh-oxyeen sitaations. Moreover, inadvertent burms of non-targeted, surrounding tissue (for
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example, bums of the lip or other facial ussue in otolaryngological surgeries such as

tonsitiectomies) may oceur.

0006} High-speed surgical dills are used in many sergical procedures {for example,
neurosurgical, craniofacial, spmal, ENT, and orthopedic procedures) to quickly and accurately
remove hard tissue. High-speed saws/mucrosaws are sinularly used m a vanety of surgical
procedures. Like electrocautery devices, high speed surgacal drills and saws can cause sigmficant
damage when the tissge-mteracting element thereof {that 1y, a drill ut or a saw blade, respectively)
make contact with non-targeted tissue. Misdirection or misapplication of powered surgical devices
meludmg tissue miteracting elements which do not physically contact tissue {(for example, laser-

emitting surgical devices) can also cause significant damage to non-targeted tissue.

[0007] In addition to myury ansing from nteraction with non-targeted tissue, surgieal
mstruments or devices that are operated at high temperature (for example, electrocautery devices)

pose a risk of fire, particalarly 1n a high-oxygen envivonment.

SUMMARY
10008] In one aspect, a system for performing a swrgical procedure with a powered surgical

device which 1s configured to be connected 1o a power source to power a issue-nteracting element
of the powered surgical device, nchudes electronie circuwtry configured 10 be placed m connection
with the powered sergical device and a sensor system i compmpncative connection with the
electronie eircwatry. The sensor system is configired 1o measore valtoes of one or more variables
related to a risk of mjury to non-targeted tissue over time during the swrgcal procedure. The
electronic circuitry 13 configured to control the tissug-interacting element as & fanction of the
measured values of the one or more vanables. The electronic circoitry may be further configured
to be placed m communicative connection with the power sowrce and o control the tissge-
mteracting element via adjustment of power from the powsr source to the Hssue-interacting
element. In a number of embodunents, the glectronic circwitry mchudes a processor system and a
memary system i comnuaycative connection with the processor system, the memory sysiem
having one or more algorithms stored thereimn, the one or more algorithms being executable by the

processor system to analyre the measured values of the one or more vanables to determine 1f one
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or more thresholds have been met in determuning the nisk of injory o non-targeted tissee. The
electronic cicuitry may be configured to deternuine it a threshold associated wath at least one of

the one or more variables has been exceaded.

0008 in a number of embodiments, at least one of the one or more variables 1s related to
{1} a state of an environment m which the powered surgical device 1s operating during the surgical
procedure or (11} a state of position of the tissue-interacting element of the powerad surgacal device
during the surgical procedure. In general, the phrase “state of positton™ refers to position i space,
orientation in space, and vanable derived from at least one of position in space and orientation in
space. The at least one of the one or more variables may, for example, be related to the state of
position of the powered surgical device and provide data regarding (a) a position of the tissue-
witeracting element, (b} a rate m change of the position of the Gssue-mteracting element, {¢} a
trajectory of the tissue-interacting element, or {d} an orientation of the tissue-interacting element.
The electrome crcuily may, for example, be confipured o reduce power to the tissue-interacting
element i the posinon of the tissus-interacting element is determined to be outside of a

predeternmined boundary.

0010} in a number of embodiments, the sensor system includes one or more localization
sensors. The one or more localization sensors may, for example, include at least one of a proxamuty

sensor, a sensor for a target gas, or an imaging system sensor of an imaging systam.

[0011] The system may further mclude a localization systemn comprising at least one of (1)
a frame configured to be positioned adjacent to at least a portion of a surgical region of interest or
{1t} ong or more fiducials configured o be a reference for an imaging system sensor of an imaging
systemn. The frame may, for example, be a component of g surgical vetractor. In a number of
embodiments, the frame includes one or more components attached thereto which interact with
oune oF more components on the powered surgical device to localize the position of the tissus-
wteracting element of the powered surgical device. One of the frame or the powered surpical
device may, for exanmple, mclude one or more localization sensors and the other of the frame or
the powered surgical device may include one or more components which interact with the one or

more localization sensors,
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10012} In a number of embodiments, the frame has a plorality of energy sources attached
thereto and a plarality of energy receivers attached thereto. The powered surgical device may
mchode one or more areas of material which w/are configuwred to veflect the energy from one or
more of the plurality energy sources to the one or more of the plurality of energy recetvers. The
plurality of energy sources emst energy in at {east two different diections, wherein energy emitted
i each dirgction is distinguishable from engrgy enutted in another direction upon reflection o the
plurality of energy receivers from the one or more area of material. In a number of embodiments,
the plurality of ensrgy sources enit energy in & first direction and in a second direction. The second

direction may, for example, be approxumately orthogonal to the first direction.

(0013} {n a number of embodiments, the one or more localization sensors include one or
more magmg svstem sensors of an smaging systen. In a number of embodiments, the sargical
procedure 15 a robotic assisted swrpical procedure. The system may, for example, include a

selection system via which a user can defing a predetermingd boundary or boundarias.

[0014] in a number of ambodiments, the powered surgical device 15 a surgical deill device,
a surgteal saw device, an electrocautery device, laser emitting device, or a microdebnider device.
In g number of embodiments, the powered surgical device is an electrocautery device. Tn g number
of embodiments, the powered surgical device 15 an electrocautery device, the tissue-interacting

element 13 an electrocamtery probe and the frame 1s a component of an oral surgical retractor,

[0015] in a number of embodiments, al least one of the one or more vanables relates o the
state of the environmernt it which the powered surgical device is operating, and the sensor system
comprises one or more sensors comprising at least one of a temperature sensor or a gas sensor. The
gas sensor may, for example, mclude an oxygen sensor. The glectrowie circuity may, for example,
be configurad to reduce power (incladimg reducing power 1o zevo or stopping power) to the
powered tissye-interacting element if g predetermined oxypen concentration threshold is exceeded.
In a number of embodiments, the powered surgical device is an electrocautery device,

[0016] One or more components of the system hereof may be configured to be added or

retrofitted onto the powered surgical device. The electronic circuitry may, for example, be a
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component of a modute configured to be placed m electrical connection with the powered surgical

device.
100171 In another aspect, a method for performing a sorgical procedure with a powered
swrgical device which 15 configored to be connected to a power source to powered a tssue-

mteractimg element of the powered surgical device, mehudes placing electromie circuntry
connection with the powered surgical device, measuring values of one or more vanables related to
a risk of mpury to non-targeted tissae over time dunng the sergical procedure via 8 sensor system
m communicative connection with the electronic circuitry, and controlling the tissue-mnteracting
slement as a function of the measured values of the one or more variables. The electronic cireuitry
may further be configured to be placed in commmumicative connection with the power source and
to control the tssue-mteracting element via adjusiment of power from the power source to the
tissue-interacting element, In a mumber of embodiments, the electronic circuitry comprises a
processor system and a Mmory system i communicative connection with the processor system,
the memory system having one or more algorithms stored theram, the one or more algorithms
being executable by the processor system to analyze the measured values of the one or more
vartables to determine if one or more thresholds have been met in determuining the nisk of injury o

non-targeted tissue,

[0018] At least one of the one or more variables are related to (1) a state of an environment
i which the powered surgical device is operating during the surgical procedure or (i) a state of
position of the powered surgical device during the surgical procedure. in a number of
embodimeuts, the at least one of the one or more variables is related 1o the state of position of the
powered surgical device and provides data regarding (a) a position of the tissue-mteracting
element, {b) a rate in change of the position of the Hissue-interacting element, (¢} a trajectory of the
tissue-interacting element, or (d) an orientation of the tissue-interacting element. The electronic

cirenity may, for example, be configured to veduce power to the tissuc-interacting element if the

position of the tissue-mteracting element s deternuned to be outside of g predetermuined boundary.

[0019] In & munber of embodiments, the sensor systent includes one or more locahzation
sensors. The one or more localization sensors may melude at least one of a proxanuty sensor, a
sensor for a target gas, or an imaging system sensor of an imaging system.
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0020} As described sbove, the at least oue the one or more varables may relate to the
state of the environment w1 which the powered surgical device s operating. The sensor system
may, for example, include one or more sensors comprising at least one of a temperature sensor OT
a gas senson. The gas sensor may, for example, be an oxygen sensor. The electronic circuity may
be configared to reduce power to the powered tissue-interacting element if a predetermined oxygen
conceniration threshold 1s exceeded. As described above, the powered surgical device is an

electrocautery device.

[0021] The method may further be characterized as set forth elsewhere herein.
o022 The present devices, systems, and methods, along with the atiributes and attendant

advantages thereof, will best be appreciated and snderstood in view of the following detailed

deseription laken m conpmction with the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

00231 FIG. 1A tllustrates schematically o representative embodiment of an electrocantery

svstem hereof

[0024] FIG. 1B tlustrates schematically a block diagram of electrocantery systems hereofl
0025} FIG, 2A illustrates schematically a top view of an embodiment of an oxygen {Oz})

momtoring svstem which 13 attachable to an electrocaatery device,

b

[0026] FIG. 2B ilustrates schematically a side view of the Op monitoring system of
FIG. 2A.

{0027 FIG. 2C Hustrates schematically a bottom view of the Oy monttoring system of
FIG, 2AL

[0028] FIG. 3A sltesirates schematically a top view of an embodiment of an oxygen {(h)

monitoring and proximity sensor system: which is attachable 10 an electrocautery device.

[0029] FIG. 3B ithestrates schematically a side view of the attachable svstem of FIG. 3A.
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{0030} FIG) 30 dlustrates schematically a bottom view of the attachable system of

FIG. 3A.

0031} FIG. 4A iflustrates schematically 8 top viewy of an embodiment of an attachable O
maongoring system bereof which melodes marking for cooperation with an induactive proximity

sensor or sensors attached to the patient.

f0032] FIG. 48 ilasteates schematically a side view of the system of FIG. 44,
0033} FIG. 5 illustrates schematically an embodiment of a mouth retractor system hereof

meluding a proximity sensing system using infraved energy to sense proxmmity of an electrocautery

device.

{0034] FIG. 6 sltustrates schematically an embodiment of a mouth retractor system hereof
mcluding pattern of marking for cooperation with an inductive proximity sensing system attached

to an electrocautery device,

[O035] FIG. 7 ilustrates schematically an embodiment of a mouth retractor system hereof

mcluding mductive proximity sensors.

[0036] FIG. 8 1llustrates schematically an embodiment of a retractor system hereof in
operative connection with a patient’s mouth for proximity sensing of the iHlustrated electrocautery

device,

[0037) FIG. 9A iHlustrates schematically the mouth retractor system of FIG. § wherein
mfrared energy is schematically tHustrated i broken bines passing between laterally positioned

mirared emitter/recervers on the mouther retractor system.

[0038] FIG. 98 illustrates schematically the interaction of the mouth retractor system of

FIG. 9A with an electrocautery device,

[0039] FIG. 10A Hustrates schematically a mouth retractor system hereof including a

pattern of markings {for example, spaced lines) on laterally positioned elements thereof.

4



WO 2024/238339 PCT/US2024/028816

{0040} FIG 10B dhustrates schematically the interaction of an electrocauntery device
meludmg one or more mductive sensors posstioned thereon with the mouth retractor svstem of

FIGL 10A.

(004 H FIG. 10C illustrates a measure signal upon fonward motion of the electrovautery

device refative to the mouth retractor system of FIG. 10A.

{00421 FIG. 10D llustrates a measore stgnal apon rearward motion of the clectrocautery

device relative to the mouth retractor system of FIG. 10A.

[0043] FIG. 1A dlustrates schematically an embodiment of an electrocautery device

hereof including a pattern of markines (for example, mes) thereon.

{0044 FIG. 118 ilustrates schematically the interaction of the electrocautery device of

FIG, 1A with a retractor system such as that Hlustrated in FIG. 7, which includes one or more

mduction proxmty sensors in lateral elements thereof.

o045} FIG. 12A illustrates schematically another embodiment of a localization system

hereof for use 1 connection with an electrocautery device.

046 FIG. 128 illustrates schematically representative patterns of energy transmission i
- = - i‘ p St

a localization svstem used in connection with « frame.

(00471 FIG. 13 illustrates schematically another embodiment of a localization system

hereof wherein localization s performed via an imaging system.
DESCRIPTION

{0048] The present devices, systems, and methods, along wiath the attributes and attendant
advaniages thereof, will best be appreciated and voderstood n view of the following description

taken 1 conjunction with any accompanying drawings.

[0049] it will be readily understood that the components of the embodiments, as generally
deseribed and iltustrated in the figures herem, may be atranged and designed in a wide variety of

different configurations in addition to the described example embodiments. Thus, the following
8
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more detatled description of the example embodiments, as represented w the figures, 15 not
mitended to limit the scope of the embodiments, as clatmed, but is merely representative of example

gmbodiments.

{0030} Reference throughout this specification to “one embodiment” or “an embodiment”
{or the bke) means that a parbcular feature, structure, or charactenistic desenibed in connection
with the embodiment s mcluded in at least one embodiment. Thus, the appearance of the phrases
“in one embodiment”™ or “in an embodiment™ or the fike in varous places throughout this

specification are not necessarily all referring to the same embodiment.

0051} Furthermore, described features, stractures, or charactenstics may be combmed m
any suitable manner m one or more embodiments. In the following description, nomerous speeific
details are provided to give a thorough understanding of embodiments. Oue skilled 1n the relevam
art will recognize, however, that the various embodiments can be practiced without one or more
of the specitic details, or with other methods, components, materials, et cetera. In other mstances,
well known structures, materials, or operations are not shown or described in detail to avoid

obfuscation.

%

(0032 As used herein and in the appended claims, the singular forms “a,” "an”, and “the"
melude phural references unless the context clearly dictates otherwise. Thus, for example, reference
o “a predeternvined boundary”™ mcludes a plurabity of sach predetermined boundanes and
equivalents thereof known to those skilled in the art, and so forth, and reference 1o “the
predetermined boundary™ is a reference to one or more such predetermined boundaries and
gguivalents thereof known to those skilled m the art, and so forth. Recitation of ranges of values
lerein are merely intended to serve as a shorthand method of referring individually to each sepavate
value falling within the range. Unless otherwise indicated herein, each separate value as well as
mitermediate ranges are mcorporated into the specification as if it were individually recied herem,
All methods described herein can be performed o any sutiable order nnless otherwise indicated

herewn or otherwise clearly contramdicated by the text.

[0053) The terms “electronic circuitry™, “circuitry™ or “circuit,” as used herein clude, but

is not fimited to, hardware, fimware, software, or combmations of gach to perform a function(s)

9‘
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or an action{s}. For example, based on a desired feature or need. a ciwrewtt may inclade a software-
controlled microprocessor, discrete logic such as an application specific integrated circuit { ASIC),
or other programmed logic device. A circuit may also be fully embodied as software. As used
herein, “circwit™ is considered synonymous with “logic.”  The term “logic™, as used herein
includes, but is not hmited to, hardware, firmware, software, or combinations of each to perform
a function{s ) or an action(s), or to cause a function or action from another component. For example,
based on a destred application or need, logic may mclude a softwarg-controlled microprocessor,
discrete fogic such as an application specific integrated circuit (ASIC), or other programmed logic

device. Logic may also be fully embodied as software,

[0034] The term “processor,” as used herein includes, but 13 not himited to, ene or more of
virtually any number of processor systems or stand-along processors, such as microprocessors,
microcontrollers, ceniral processing units (CPUS), and digital signal processors {DSPs), in any
cornbmation. The processor may be assoctaied with vanious other circuits that support operation
of the processor, such as randon-access memory (RAM), read-only memory {(ROM},
programmable read-only memory (PROM), erasable programmable read only memory (EPROM),
clocks, decoders, memory controllegrs, or interrupt controtiers, etc. These support circuits may be
witernal or external to the processor or s associated electronic packaging. The support circuits are
i operative conumunication with the processor. The support emrcutts are not necessarily shown

separate from the processor m block diagrams or other deawings.

[00335] The tenm “controlier,” as used herein mcludes, but is not hmited to, any circuit or
device that coordinates and contrels the operation of one or more input and/or output devices. A
controller inay, for example, mclude a devics having one or more processors, MICTOPIOCESSOrs, Or

central processing units capable of bemg programmed to perform functions.

[0036] The term “software,” as used herem includes, but s not limited to, one or more
computer readable or executable instructions that cause a computer or other electronic device to
perform functions, actions, or behave in a desired manner. The Instructions may be embodied in
various forms such as routines, algorithms, modules, or programs wcluding separate applications
or code from dynamically linked libraries. Software may also be implemented i varions forms

such as a stand-alone program, a function call, a servlet, an applet, instructions stored in a meniory,
10
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part of an operating system or other tvpes of executable mstractions. It will be appreciated by one
of ordimary skil in the art that the form of software is dependent on, for example, requirements of
a desired application, the environment # runs on, or the desires of a designer/programmer or the
tike.

[Q057] In a number of embodiments, the devices, systems, and methods bereof provide
waproved safety andfor efficacy in the use of powered surgical instruments such as electrocautery
devices, hgh-speed dnlly, saws/mucrosaws, debnider/microdebrider, laser-enutting surgscal
mstruments {(for example, laser ablation devices) etc. which inchude a powered Gasue-mieracting
alement (that 15, an electrocautery probefelecirode, a deill b, a saw blade, lazer energy sowrce,
debrider element, etc.) that effects or causes a change n tissue duting a surgical procedure. In
currently available surgical mstroments or devices that are operated under power other than manual
power {for example, under electrical power, pnewmatic power etc. ), the surgeon manually controls
the motion and posttion of the surgical device and its tissue-interacting element {either via direct
physical control of the device or via a robotic system). In robotic assisted surgical procedures, the
surgeon controls one or more robotic arms while at a control center to control a surgical device.
Further, the surgeon controls the power supplied to the tissus-interacting element of such powered
surgtcal mstruments. Although surgeons are highly tramed and surgery occurs under strict controls,
contact with {and attendant damage to) non-targeted tissue {that 1s, tissue which is vot the target of

a particular surgical procedure)} may occur m the use of such powered surgical instruments.

{0038} In devices, systems, and methods hereof, sensor svstems are used to detect one or
nwore variables/conditions that are associated with a predetermingd ov predefined risk condition.
Such a tisk condition may be defined as mjury to the patient, which may further be defined as
wyury to tissue other than the tissue targeted for change via the swrgical procedure (that ts, “targeted
tissue). Electronic circuitry hereof is configured to control the tissue-interacting element of a
powered surgical device as g funcwmon of the measwred values of the one or wore
vatigbles/conditions (1o, for example, reduce the risk injury to tissue other than the targeted tissue
{that is, to non-~targeted tissue). For example, various thresholds vatues for the one or one or more
vatiable may be established for actuating such control. It a number of embodiments hereof, the

one or more variables are measured which are related to {or a measure of) (1) a state of an

11
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environment i which the powered surgical device s operating durmy the surgical procedure or

{11} a state of posttion of the powered surgical device during the surgical procedure.

00591 The one or more variables related to {or a measure of) a state of position of the
tssue~nteracting element of the powered swrgical device may, for example, be related to {or a
measare of) a posmion of the Ussue-interacting element i space, a trajectory (or path) of motion
of the tissug mteracting element, an angle/orientation of the tissue-interacting element, or to a rate
m change of position of the tissue interacting element. An angle/orientation of the tissoe-
mteracting element may, for example, be particulagly relevant m an energy-enutting surgical

device such as a laser-energy-emiting surgical device.

{0060} Control of the tissse-mteracting element may. for example, melude control or
adjustment of power to the tissue-interacting element. Control may additionally or alternatively
mclude actuation of a braking mechanism in the case that the ussue-interacting element s a
movable element (for example, a dnll bit or a saw blade}, or actuation of a blocking or shutter

mechanism in the case that the tissue-interacting element is an energy-emitting element.

[0061] In a number of embodiments, a notification/alarm may be provided to the
surgeon/operator of a surgical device hereof {for example, before or at the time the electronic
circutry beging to control the tissus-interacting element to reduce nisk to non-targeted tissue, such
as) if one or more of the one or more variables has reached a threshold value. For example, if the
position of the tissae-interacting element is 1 the vicinity of a threshold position or predetermined
boundary positionssurface, if the tissue-interacting element is approaching such a boundary at a
defined rate, ot is on a predelermined irajectory, an alarm signal may be provided (for example, an

audio, tactile, andéor visual signal).

00621 As described above, i 3 number of embodiments hereof, the sensor system is in
communicative connection with electronic circuitry that is configured 1o control power to &
powered surgical device as a function of a measwred value of the one or more varnables. If the
predetermined or predefined nisk condition is determined via data from the sensor system, the
power to the Hissue-interacting element of the powerad surgical device can be reduced {including

stopped) via the electronic circuiiry,
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0063} In a number of representative embodiments hereof, sensor systems hereof meloade
one or more position, location or focalization sensors which may, for example, function in
operative connection with one or more components of a localization systemio determing vanables
related to position of the tissue-interactive element of & powered surgical device relative 1o one or
more defined boundaries. Power to a powered surgical device which presents a danger of mjury to
nou-targsted tissue can be reduced if 1 15, for example, determined via measured data from the
localization sensor{s) that the tissee-mteracting element of the powered surgical device 15 outside
of a defined boundary (for example, a two-or three-dimensional surface associated with a surgical

volume or surgical region of interest).

[0064] {n represemtative embodiments hereof m which a powered surgical instroment 18
operated at high temperatare, 8 sensor system hereof may be used to determune one or more nisk
vatigblefconditions {for example, envirommental vanables/conditions in the vicinity of the tissue-
contacting element) assoctated with fire. Power to the tissug-interacting element of such a powered
surgical device van be reduced if it is, for example, determined via the sensor system that one or

more predeternuned threshold conditions have been measured.

0065} in a number of embodiments hereof, the devices, systems, and methods hereof are
discussed i connection with electrocautery devices. Howeaver, one skilled in the art will appreciate
that the systemss hereof may be used in connection with any powered surgical mstrament which

wcludes a powered tissue-interacting slement.

[0066] in that regard, a representative embodiment of a system 5 hereof including an
glectrocautery device 13 Hustrated i FIGK. 1A and 1B, Further description of represeniative
embodiments of the devices, systems, and methods hereof (particularly in connection with
otolaryngological surgeries involving electrocantery) is provided m connection with FIGS. 2A
through 11B. One skilled in the art will appreciate that although otolaryngological surgeries
wmvolving electrocautery are discussed as representative example, the devices, systems, and
methods hereof may be used in connection with any powered surgical procedure regardiess of the
tocation of the surgical region/volume of mterest. Moreover, a number of representative
embodiments of devices, svstems, and methods hereot are desenibed 1w connection with one or

more add-on modules, systems or devices which is/are connectible to exasting powered surgical
13
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mstrument or devices {for example, electrocautery pens, wands etc). One skilled m the art will
appreciate that all or varving portions/componenis of such addron modules, systems or devices

can be readily incorporated or mmtegrated o powered surgieal mstruments or devices.

{00671 FIG. A, illustrates a representative example of a commercially available
glectrocautery device 10 1 operative connection with a system 180 hereof (which may melude or
be operatively connected to electronic crronitry 200). Electrocautery device 10 includes a body 20
wihich 13 used as a handle by the vser. As known in the art, one or more actuators 24 {(for example,
buttons} may be mcluded on body 20 which may be held by a user and may include manual control
functionality for a surgeon io manmually control power/carrent 1o a tissue-mteracting alement m the
form of an electrocautery probe, glectrode, or knife 30 positioned on a distal end of electrocautery
device 10, Comnnecting cirautrydwinng 40 1s provided (llusirated as extending from a distal end
of body 20 of electrocautery device 10) to connect electrocautery device 10 to a power source 300,
In current practice, powered surgical instruments or devices such as electrocautery surgical devices

are connected divectly to a power sourcafcurrent-generating system.

[O06E] In FIG. 1A, an add-on or attachable component or system 102 of system 100 15
readily used in connection with currently available electrocautery devices 10 (for example,
glectrocautery wands or pens) which are nsed i surgeries such as tonsillectomies. As described,
for example, in connection with FIGS. 1A through 2C, a body, base or inferface 110 of system 102
may encompass a portion of body 20 of device 10 in 3 number of embodinents hereof In that
repardd, base 110 may inchude a passage 112 (see, for example, FIG. 2A) through which a forward
section of electrocantery device 10 may be passed. A material or material layer 116 (for example,
a restlient material such as an elastomeric polymeric material) niay be present on an inner wall of
passage 112 to assist in gripping electrocautery device 10, Additionally or alternatively, one or
more coopevating {for example, mterlocking} mechanical mechanisms (oot shown} may be
provided to system 100 and electrocautery device 10 to assist in forming a secure connection

therebetwean,

00691 Representative svstem 102 may be at least partially integrated with (illustrated
schematically m FIG. 1B) or be operatively connected to elecironic cwowtry 200, System 100,

may, for example, provide functionality to control power/current to electrocautery probe 30 of
14
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devicell, regardless of the state of acteator(s) 24. Control of powerfcurrent to probe 30 may, for
example, be used (o reduce power to probe 38 when unsafe or dangerous condiions are detected
or determined {for example, when probe 30 is determined 1o be at the boundary of or outside of a
defined volume or region of mterest of if a threshold risk of fire is determined). Reduction of
stoppage of power o probe 30 very quickly (almost mstantaneously) reduce the temperature of
probe 30 1o a temperature safe for tissue and below a temperature at which 1gnittion can eccur i a
high-oxyvgen envionment. In the illustrated embodiment, electronic circwtry 2080 1s 1n operative
connection with system 100 via a wirg andior another electrical conductor 118, As described
above, system 100 hereof mayv overnde the functionality of actustor(s) 24 upon detection of
predetenmined or defined conditions {associated with measured values of one or more vangbles
via a sensor system 210). For example, various environmental conditions or variables in the
vicimty of a surgical region of interest {that s, an areafvolume or target area/volume of surgery
such as the tonsds) or area of operation of probe 30 may be detected by one or more sensors of
sensor system 210, Such sensors may he distnibuted in position (see, for example, FIG. 1A) and
need not be i physical contact with device 10 or a component of system 100, Such environmental

conditions may, for example, include pas levells) andfor temperature.

007 A gas sensor 212 of sensor systemn 210 may, for example, be positioned near the
surgical region of interest (for example, on an extending member 120 which extends from
base 110). Alternatively or additionally, a port or conduit 124 may be formed m or extend from
base 119 to draw gas from the vicinity of the surgieal region of interest 1o be transported 1o one or
more gas sensors of sensor system 210 positioned remote from base 110 vig a condait 130
attachable to an attachment port 128, Port 124 and attachmient port 128 are, for example, plaged in
fuid connection via a conduit 126 passing through base 110, One or more such sensors may,
alternatively or additionally, be operatively connected to a component that 1s sepasate from, but
conmumunication with, system 100, For example, one or more of the sensors of sensor system 210
may be attached to other surgical equipment (for example, a mouth retractor system as discassed
further below) or attached directly to patient tissue. In addition to one or more gas sensors, other
sensors 214a, 214b, 214e .. {such as o tempersture sensor) may be mcluded 1 sensor systermy 210
Communication between sensors {which may be positioned remote from electronic cirenttry 200)
and electrome circuntry 200 may be in a wived or wueless manner.

15
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{0071} In one embodiment, a negative pressure or vacuum system faciiitates continuous
gasfair flow from the surgical region of interest {for example, within the cavity of a patient’s mouth
or other cavity/volume) via port 124 and condust 130 two an aidgas sampling system positoned, fiw
example, within a small chamber 204 within a housing 202 (represented schematically m FIG. 1A}
for electronie cweuitry 200, Small chamber 204 positioned, for example, withm housing 202 for
electromie cweurtry 200 may hold oxveen sensor 212 as described above to provide hive of real-
time measurementsireadings of the oxveen {(O2) concentration m the chamber {which may be
calibrated to or extrapolated to represent the Oz concemiration in the mouthiregion of surgical
interest). Oxygen sensor 212 {for example, an electrochemical oxygen sensor as known m the
sensor arts) may, for example, be used to detect oxygen concentration fo enable analysis vig
glectronic circuitry 200 to determiine if a concentration threshold of oxygen concentration (for
examyple, in cases m which oxvgen entiched gas is being provided to the patient) has been excesded
such that a nisk of fire exists. The sampled air may fHow via vacuum driven flow into the chamber

and out of a gas outlet por.

[0072] Sensor system 210 may include localization sensors 230 hereof (see, for example,
FIGS. 1A and 1B, in which localization sensors 250 are illustrated schematically), wluch may be
used to localize, determine, or attribute variable velated to the position of surgical probe 30 {for
example, refative to or within a surgical region of interest). For example, i a number of
gmbodiments, proxmnity sensors are used in determining the position of surgical probe 30 over
time during a surgical procedure. One or more proxinuty sensors may, for example, be attached to
the electrocautery device or attached t0 a component other than the electrocautery device
positioned adjacent to or within the surpieal region of interest. In one embodiment, one or more
proxinuty sensors 260 (see FIG. 1A} are atached or mtegrated imto base 110, Alternatively,
proximity sensors may be mtegrgted nto a device positioned at or near the surgics! region of
wterest {for example, on a cheek retractor system or mouthpiece). Proximity sensors 260 may, for
example, provide lve or real-time readings or measuraments of when probe 30 of electrocantery
device 10 is near tissue of the surgical vegion of mterest as, for example, defined by a boandary
surface. An element which selectively mteracts with proxamuty sensor(s) 260 may, for example, be
postioned near the surgical region of mterest or attached/apphed to tissue 1 the vicintty thereof.
hit the case that a proxinuty sensors 18 integrated tnto a device posttioned at or near the surgical of
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regron of interest such as upon a cheek retractor mouthpiece in the case of electrocautery surgery
within the oral cavity, the proximity sensor provides live or real-time readings or measurements of

when probe 30 of electrocantery device 1018 near the positioned device.

{00731 As known m the art, localization systems based upon proximity sensors may, for
example, use detection of energy such as electromagnetic energy {over the spectram thereof - for
example, radio waves, hght waves, eic)), heat engrgy, or sound energy to determune proxmuty. In
general “proxumny sensors” are sensors that perform pon-contact detection in comparison to
sensors that detect objects by physically interacting them. Proxamuty sensors convert nformation
on the movement or presence of an object mio an elecirical signal. Representative tvpes of
detection systems include systems that use the eddy currents that are generated 1 metallic sensing
objects by electromagnetic mduction, detection systems that detect changes in electrical capacity

when approaching the sensing object, and detection systeins that use magnets and reed switches.

(0074} Imaging systems {(that 1s, medical imaging system, which may use vartous forms of
energy to generate images — such a tomography imaging, ultrasound tmaging, etc.) may also be
used m systems hersof to determine the state of or related to the posimion of probe 30 of
electrocantery device 10, Photograplucicamera maging systemt {for example, video camera

systems) may also be used as locahization sensors.

[0075] Localization systems hereof, which are further discussed helow, may be ased to
determine if electrocantery probe 30 1s within, at a predeternuined boundary of, or outside of the
surgical region of interest. If probe 30 is outside of a boundary of surgical region of miterest {or
outstide a boundary of defined volume within a surgical region of mterest), power/current 10
probe 30 may be reduced (Including, twned off) to reduce or eliminate the risk of injury to tissue
outside of the surgical region of interest {that is, non-targeted tissue).

[ou76] Electromic circuitry 200 may, for example, include a controller or control system to
control operation of device 10 and to analyze or interpret the responses/data from at least one of
{1} various sensors of sensor system: 210 and (i1) data from the localization system. As dlustrated,
for example, n FIG. 1A, electronie aircuttry 200 may, for example, include a processor system

{for example, including one or more MICIOPIOCessOIs) i operative connection with a memory
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systent. As known in the art, elements of electronic crrawtry 200 may be meorporated i one or
maore printed eircuit boards. Chie or more software algorithms may be stored in the memory svstem
which 1sfare executable by the processor system o controlioperate electrocamiery device 10 as
described herein. A user mterface svstem (ncluding, for example, a display, a speaker, a tactile
systep, varous inpudfoutput systems, ete.} may also be placed in operative or comunumicative
connection with the processor system. A commupucation sysiem mav be 1 operalive or
communicative connection with processor svstem for wived and/or wireless commanication to
other devices/systenis. Power source 300 {for example, a battery system, line power, or an
inductive energy transfer system} provides power for electronie circuitry 200 and electrocautery

devige 10,

(G077 In a namber of embodiments bereof, the nsk of myery to a patient 15 reduced or
eliminated by reducing or cutting the powerfcurrent 1o an electrocautery probe if there is a risk of
fire or if the electrovautery probe 1 outside of one or more predeterniined boundartes such that
non-fargeted fissue might be damaged uvpon contact with electrocautery probe 30, Onee again,
systems hereof for power/current control may readily be provided as add-on modulesisystems for
existing electrocautery {or other powered surgical} devices or at least partially imtegrated in such

deviges,

(0078} {n a number of embodiments hereot, electrontc circuitry 200 operates i the manner
of a powerfcurrent intervening, a power/current controlling system, or power control module
which is electrically connected hetween power source or current generating system 300 and the
powered surgical device, Electromic circuitry 200 may, for example, be operated as an intermediate
current madulator to reduce or eliminate heating of electrocautery probe 30 or other powered
tissue-interacting element (via control of powerfcurrent supplied theretoy on the basis of
megsuredidetermuined  conditions  (for example, fire risk or localization/position) and

predetermined thresholds for such conditrons to reduce the risk of mjury o non-targted tissue.

00791 in that regard, measurements/data from one of or both of oxvgen sensor(s) 212
{andfor other sensor of sensor system 210) and locahzation sensor(s) 230 o certain embodiments
hereof are processed or analyzed by the processing system of electronic circutry 200, Electronic

circuitry 200 uses, for example, software-based input parameters to determine whether
18
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signal/vanable value thresholds have been met. Based upon the determuned or measured response,
electronic  curcoitry 200 controls the power/current sepplied to probe 30 of slectrocautery
device 10, In such a manner, electrocautery device 19 (and other powered surgeal devices) may
function only when the oxygen levels are sufficiently low to prevent arway fires andfor when the
powered tissue-interacting element thereof is located within one or more determined or defined
boundaries of the desired surgical field to prevent imury {for example, bums ete) of the

surroanding/mon-targeted tisspe {mcluding skin}.

[008G] FIGS. 3A through 30 ilhusivate another embodiment of an add-on or retrofitting
system 102a. System 102a 15, 13 a number of respects, sumilar in function and design to system 102,
Flements of system 1023 ave identifiad or referenced similatly to like components of system 102
with the addition of the designation “a” 10 the end of the reference. As described n connection
with system 102, base or mterface 110a of system 102a may encompass 8 portion of body 20 of
device 10 1n a number of emboduments hereof. In that regard, base 110a mcludes a passage 112a
through which a forward section of slectrocautery davice 10 {or other electrocautery device) may
be passed. A matenial or material layer 116a (for example, a resthent matenal such as an
elastomeric polvmernic material} may be positioned an inner wall of passage 112a to assist in
gripping electrocavtery device 10 as well as assist in appropriately sizing passage 112a to a
patticular electrocautery device, In the embodiment of system 1002, a protective sleeve or
tubs 134a is attachable to connection port 128a, through which a condutt or tubing 1304 passes

which functions as described from conduit 136,

0081} In the ithustrated embodiment of FIGS. 3A thwough 3C, one or more proximity
sensors 260a {one in the illustrated embodiment) such as an inductive proximity sensor isfare
positioned within one or more compartments 111a {one in the itlustrated embodiment) formed on
base 110a. A sensor wire 246a extends from sensor 260a, through body 110a, and through

protective tubing 134 to, for example, electronie circutry 200

00821 FIGS. 4A and 4B illustrate another embodiment of an add-on or rewofitting
systemt 102b. System 102b is, in a mumber of respects, similar i function and design to
systerns 102 snd 102a. Elements of system 102b are sdentified or referenced simlarly to hike
components of systems 102 and 102a with the addition of the designation “b™ to the end of the
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reference. in the dlustrated embodiment of FIGS. 44 and 48, one or more markmg areas such as
Hnes 272b {teo m the illustrated embodiment) form a pattern 270b on an outer side wall of
basg 110b to mteract with a sensor systent such as an mductive proximity sensor system separate

from system 102b as described further below.

[Q083] FIGS. 5 through R ilustrate (schematically) embodiments of mouth retractor
systems (sometime referred o as a cheek retractor mouthpieces or simply retractors) for use m
localization systems for a powered surgical devices such as electrocautery devices. Such
localization systemns may interact with localization sensors or sensor systems 230 as described
herem. As known m the art, sech mouth refvactor systems typieally mchude at east ateral (left-
and right-side) flanges 1o abut the lateral edges of the mouth. FIG. 8 Mustrates mouth retractor
system 400 of FIG. 5w operative connection with a patient’s mouth and electrocautery device 10
positioned to enter the patient’s mouth and imeract with the localization system components of
mouth retractor system 400, {n the embodiments of FIGS. 3 through 7, one or more components
or elements that cooperate with a powerad surpical device such as an electrocautery device to
achigve localization are mtegrated with or connected o the moath vetractor system. In that regard,
the retractor system functions as a frame for positioning such localization components or elements.
Similar localization frames (for example, ntegrated with retractors/retractor system or as separgte

devices) may be used in surgeries in regions of interest other than oral andfor throat surgeries.

[0034) In FICGL S, mouth retractor system 400 is a component of a localization system
mcluding mfraved (IR} devices 410 positioned on each lateral side thereof which mayv be IR enuitter
andior recervers (sensors) IR devices 410 may, for example, be positioned on or integrated with
lateral side components 420 {tor example, flanges) of retractor system 400, Wires 412 may, for
example, pass through a frame 430 of mouth retractor system 400, through an end member 432
and into a protective conduit or tube 440 1o, for example, place IR devices 410 in elecirical

connection with electrical circuitry 300 or other electrical ciraintry.

[0083] FIGS. 9A and 98 tHustrate the function of mouth retractor system 400 of FIG. 5.
FIG. 9A lustrates the transinission of IR energy between IR devices 410 as represented by broken
hines extending between IR devices 410, FIG. 9B illustrates disvuption of the transmission of IR
energy between IR devices 410 by electrocaatery device 10, enabling locahzation of
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glectrocautery device 10. Mouth retractor system 400 may be positioned at or define the opening
mto a surgical region of interest corresponding to the oral cavity, Muluple IR devices 410 may be
positioned at different depths (in the oral cavity} on mouth retractor system 400 {for example, on
lateral flanges thereof} to provide further {for example, depth) information on the localized
position of elecirocautery device 10, In the case of IR devices 410 as described above, no
components of the localization system need be placed on electrocantery device 10 or other
electrocautery devices. One or more portions of electrocantery device 10 simply mterrapt the
transmission of energy {for example, IR energy) between an epergy emutter and an energy

recetvedlocalization sensor of sensor system 210 hereof,

[0086] FIG. 6 illustrates another embodiment of & mouth retractor systens 400a hereof.
Mouath retractor system 40 15, m a number of respects, sumifar m function and design to mouth
retractor system 400, Elements of mouth retractor system 400a are identified or referenced
simitlarly to like components of system 400 with the addiion of the designation 3" to the end of
referance. Mouth retractor system d00a mchides components of a localization system mcluding
ong or more detectable areas or a pattern of such detectable areas 414a. Detectable pattern 414a
may, for example, be positioned on or itegrated with lateral componenis 420a (for example,
Ranges) attached to frame 4302 of reteactor system 400a. In the tHustrated embodiment, detectible
pattern 4143 ncludes a plurality of spaced lines 416a, which may vary n wiadih. Such detectible
componentspatiern 4 14a may, for example, be detectible using elactromagnetic energy of various
types, For example, lght energy may be ased m manner stnutar 1 a bar code reader. In a number
of embodiments, spaced hines 4164 ave formed of a conductive material such as a metal which may
mteract with one or more inductive proximity/localization sensors of sensor systemt 210 positioned

on a powered surgical device such as an electrocautery device.

[O0R7] in that vegard, FIGS. 10A through 10D iHlustrate further aspects of the function of
month retractor systers 400a of FIG. 6. FIG. 10A ustrates schematically the positioning of mouth
retractor systern 4008 in operative connection with the mouth of g patent. FIG. 10B illustrates the
maotion of electrogautery device 10 including a system 100¢ hereof, which includes two inductive
proximity sensors 260c posttioned on body 110¢ of system 102¢, relative to one of lateral

components 420a and localization pattern 414a thereot. FIGS. 10C and 10D tllustrate sipnals
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generated as a reselt of forward and reverse movement, respectively, of proxamity sensors 260¢
past localization patterns 41da. Such patternfposition detection may be analyvzed via electromie
crrawiny 200 to determing both the direction and depth of mwovement of electrocautery devige 10
mto the oral cavity. Information on the direction of movement of electrocautery device 10 may be
used in an algorithm to control power to electrocautery probe 30, For example, detection of
presence and forward motion {mio a delined volume or surgical region of interest) as Hlustrated
FIG. 10O can be used o merease/imtiate power to electrocautery probe 30, while detection of
reverse or rearward motion {out of § defined volume or surpical regions of inderest) as illustrated

i FIG. 10D can be used to reduce/cease power to electrocautery probe 30,

[0088] FIG. 7 iHustrates another embodiment of a mouth retractor system 400b hereof.
Mouath retractor systemy 400b 15, m a number of respects, sumlar m function and design to mouth

retrgotor systems 400 and 400a. Elements or components of mouth retractor system 400b are
wentified or referenced sinularly to like components of mouth retractor systems 400 and 400a wath
the inclusion of the destgnation “b" at the end of the refersnce. Simtlar to mouth retractor
system 400a, mouth retractor system 400b inclades components of a locahization system which
may, for example, be used in inductive proxumity sensing. In the case of mouth retractor
syvstem 400b, lateral components 420b may include a sensor such gs mductive proxinuty
sensors 410b, Wires 412b may, for example, pass through a frame 430b of mouth retractor
system 400b, through an end member 432b and mito a protecuive conduit or tube 440b w0, for
example, place indoctive proximity sensor4i0bh m electrical commection with  electrical

cireutiry 300 or other electrical circuitry,

[0089] Mouth retractor system 400b may interact with, for example, a system 100b (see,
FIGS. 4A, 4B, 11A and 118} which 15 in operative connection with an electrocautery device such
as electrocautery device 10, m a simular manner as descnibed above in connection with the
sternction of systerm 1000 and localization pattern 414, Inthatrepard, as detectable pattern 470b,
which mclodes a plurality of spaced lines 472b {which may vary in width), a signalisignal pattern

is created and analyzed as described in connection with FIGS. 10B through 10C.

[0090] Capacitive proxinuty sensor systems imay also be used m the systems hereof, In that

regard, a detection apparatus in the form of a frame or boundary (such as a mouth retractor system
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simytlar to those describe above) may be placed over or in connection with a body cavity/region of
mierest. An entrance of the cavity or region of interest may, for example, be contained or defined
by the frame or boundary. A signalisowce apparatus made of a high capactiance matenal can, for
example, be attached to a powered swgical device such as an electrocautery device {for example,
via a systemv/component such as system 102). A cooperating detection apparatus may, for example,
mclude paraliel capacitors plates that provide a signal 10 a power control module such as elgctronic
cirawtry 200 when an object enters or leaves the boundary of a volume defined by the frame. If
the signal meets a defined minimal threshold (for example, a high capacitance matenial entering
the region of mterest), the power contrel module will permit power to pass through to the

electrocautery device.

(60911 In a number of embodiments, a gas-based detection system may be used in
focalization of an electrocautery probe or an elecirocantery device such as electrocautery probe 30
{or another powerad Ussus-mtgracting element of a powered swrgical device). An attachable
apparates {for example, extending member 120 of system 102 or 3 separate attachable systeny) or
an imeprated component of an electrocautery  device mayv, for example, release a
safe/biocompatible and detectible gas such as helram (H) or nifrogen (N3) gas nto the operating
cavity/region of interest (for example, the mouth) at low rates. Another, separate apparatus may be
used to sample the cavity or region of tnterest to determine whether the gas of interest or target gas
{for example helium or mitrogen) is present. The separate apparatus may miclude a focal sensor for
the target gas or inchude a conduit under negative pressure 1O HEnsport gas to 8 remote sensot.
Alternatively, an apparatus separate from the powered surgical device may release a target gas. A
device ont the powered surgical device or on a separate apparatus attachable to the powered surgical
device {for example, a sensor or a condunt under nepative pressure {0 transport gas 10 a remote
sensor) may be used to sample the cavity or region of tnterest o deternmune whether the gas of
wterest or target gas is present (for example, at or above a defined thweshold concentration). If] for
example, the target gas 15 detected to be present at a defined nunimum concentration threshold, a
supnal can be sent to a power control module sach as electronic cireuitry 200, As deseribed above,
the power control modide 15 connected between the powered surgical device and a power source

therefor. In a mumber of embodiments, as long as a contmuous signal is recerved that the target gas
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s present at the threshold concentration, the power module will permit power to pass to the

powered surgical device to power the tissug-interacting element thereof.

100921 In another system hereof, a signal apparatus m the torm of a frame or boundary
element 15 place over or adjacent the entrance to a body cavity or surgical region of witerest. The
cavity or region of mterest may be contamed by the frame or boundary. In an embodiment of a
system 300 dlustrated m FIG. 12A, frame 700 ncludes an array of energy (for example, nfrared
energy ) emitters and energy (for example, mfraved energy) recervers/sensors {or energy/mirared
transcervers) as discussed further below. Areas of energy/infrared reflective covering or
covermgs 300 {for example, IR reflective tape) may be placed on or attached to a powered surgical
device 10a including a body 20a. such as elecirocautery device 10, As described iy connection
with device 10, one or more actaators 24a may be included on body 20a which may be held by a
user and may wclude manuoal control functionality for a surgeon to manually control power/current
to a tissug-mteractng element 30 on a distal end of electrocautery device 10a. Areas 800 may be
present in a patfern to assist in localizing the position of powered tissue-inferacting element 30a.
Initially, frame 700 provides the ability of an infrared detection system 710 thereof to detect
passage of electrocautery device 10a past frame 700 {through the plane of frame 700 or the x-y
plane in FIG. 124} and activate electrocautery device 10 once electrocautery device 10 1s within
the field or the surgical region of nterest and deactivate electrocautery device 10 after s exit from
the field. The pattern of reflective areas 800 may assist in determining the position of tissue-

interactimg element 30a w the z direction,

[0093] In the embodiment ilustrated schematically m FIG. 124, systern 500 further
provides added precision in the surgical field or the surgical region of mterest. In the illustrated
embodiment, a video camers 900 is positionable over frame 700 and displays a live image of the
region of interest on a system monitor 1000, A display of system monitor 1000 may superitapose
a grid 1010 over the image via which the user selects which area of the grid 1s a “safe region 11007
One or more safe regions/pradetermined boundaries and associated volumes may be selected or
defined. Infrared sources that are in or define safe region 1100 will be activated or turned on.
Because the boundary of interest (as defined by frame 700} will be a4 2-dimensional space, infrared

sources 720 which enit IR energy m a hotizontal divection and mafrared sources 730 which enut
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IR energy m a vertical direction (ywherem the horwzontal and vertical divections are defined relative
to the ontentation of the page of the drawmg) are attached to frame 700, In FIG. 12A, activated
mtrared sowces are illastrated as enlarged filled rectangles and designate 720 and 730% To
differsntiste the two energy directions, control characterizations such as wfrared ON-OFF
patierns, andfor infrared frequency variation may be used. It electrocantery device 10 1s i the safe
regton HOO0, IR reflective material 800 will reflect and disperse the IR ensrgy which wall be
received by, for example, transceivers 720 and 730 or by one or more separate receivers. The
receiver{s) or transcetver 720, 730 will transnit appropriate signals to a power control module (for
example, electronic circuttry 2003, which may, for example, be connected between the
electrocautery device and the power source. H, for example, the power control module detects both
characterization signals of the activated hovizontal infrared and vestical infrared source, the power

controd module will peumit powsr to pass through the electrocautery.

[0094] Frame 700 may, for example, mclude one or more extending members which
extend in the z-divection (not shown), Energy enuttersisources and energy raceivers (sensor) or
transcetver may be positioned on such extending member(s). Including emifters/sensors on such
extending member(s) can help in localizing or deternuining the position of Ussue-mtgracting
element 30a in the z-direction. Further, images from video camera 900 may be used i localizing
the posttion of tissue-interacting element 30a via, for example, one or more software algorithms

stoved in electronic circuitry 200,

[0093] FIG. 128 dlustrates vanious patterns of energy transmission for detecting presence
of a powered surgical device such as glectrocautery device 10a. In the smbodiments dlustrated in
FIG, 128, two-dimensional areas 11002 and 1108h are illustrated in the plane of the opening of or
proximal surface defined by frame 700a are intersected by beams of energy transmission
represented by arrows. The opening of frame 7002 may be used to define the proximal boundary
surface of a predetermined volume hereof (that s, the volume extending imo the page undemeath
the two-dimenstonal areas 1100a and 1100h to a predetermuned depth). In the illustrated
embodiment, the beams of energy {for example, IR enerpy) ave onented honzontatly and vertically
{1 the x and y directions) on the page of the drawing. As described above, energy transmtted m a

particular direction can be distinguished from energy transmitted in other divections vag, for
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example, differences m modalation sequences andéor differences w frequency, Dhfferences m
direction of energy transmitied horizontally (alongfparallel io the x axis) andior vertically
{alongfparaliel to the v axis), which i3 represented by differences m shading and crosshatchimg of
the energy transmussion arrows in the lowermeost illustrations w FIG. 128, can be used © attain
additional information regarding the position of the powered surgical device. In a munber of
embodiments 11 which the position of the tissug-interacting element further mclude depthy, a
sensor/sensor system sach as video camera 900 may, for example, be used to determine depth
mformation for the tissue-tnteracting element of the powered surgical device in embodiment such

as those ilhustrated in FIG. 12B.

[00%6] Although system 300 may require somewhat more setup ume amd may be
somewhat bulkier that other localization systems described herem, system 300 provides a
significant advantages by enabhing g user to define speaific 3-dimensional volumes or regions as
“safe™. System 500 also causes minmmal electromagnetic interference, provides suntable, moderate
detection distance, is applicable to various cavity sizes, and the resultant signals are sunable 1o

differentiate electrocantery devices from the surrounding environment and random objects.

(0097} FIG. 13 dlustrates another embodiment of 3 system 1500 hereof in which mmage
sdance {for example, via a computed tomography or CT imaging system Or 2 magnetic resonance
mnagmg (MRI) svstem) or image puided navigation system is used m localization of a tissue-
uneracting element 30b of a powered surpical device 10b relative to one or more predetermined
boundanes. In general, surgical navigation systems are currently used to guide a surgeon's
nwovements doring surgical procedure or operation. An inaging system 1700 displays or visuahzes
the real-time posttion of surgical instroments or devices as well as anatomical structure on a display

system 2060,

[0098] Referving to FIG. 13, as known in the art, CT imaging system 1700 yses an X-ray
source 1710 and X-ray detectors, recetvers, or sensors 1720, The data from sensors 1720 is used
by an associated computer system to produce images of the inside of the body. Such image provide
detatls of any part of the body, wicluding the bones, muscles, fat, organs and blood vessels. Surgical

devices such as device 10b also appear on such images during a surgical procedure.
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{00991 In use of an mage-guidance navigation system m a representative example of
ENT/smus surgery, a CT scan of the simuses 16 performed using a defined or specified navigation
system protocol. A muask, Hducals or markers mav be placed on the patients face during the scan
to serve as reference pomts. The CT scan i3 stored i memory, and theo loaded mto the mmage-
gurdance computer svstem. During the surgieal procedure, a detectable array of fiducials or
markers {which may be solid objects or nyected fluids) or a mask may be placed on the patient’s
head. The €T images loaded mto the system may be calibrated to the patient’s anatony asing set
pre-set reference points, Such reference points may, for example, include the mask, fiducials or
markers or specific anatonuce points on the face, The position of sinus surgical devices (for
example, powered surgical device 10¢—such as a surgical drilly is wracked by the computer system
via mtegration of the mformation detectad from the patient’s pre-set reference points and

compartson of that mformation to the information on the 1 scan map.

{00100} Such ENT/sinus surgery and other surgenies may, for example, be robotic surgeries.
A robotic surgical system 2500 1 illustrated schematically i FHG 13, As described above, n
robotic assisted surpical procedures, the surgeon controls one or more robotic interfaces or arms
via an gt device while at a contrel center to robotically control surgical device 10b. Similar o
non-robotic-assisted swgeries, i robotic surgenes, the surgeon controls the position and
movements of powered surgical device 10c¢ as well as the power supplied to a tissue-interacting

glement 30h of such powered surgical instruments,

(00101} Significant mjury can anse (f tiszue-interacting element 30b of powered surgical
device 10b 15 postuoned incorrectly and contacts non-targeted Ussue such as an artery (for
example, the carotid artery) or a nerve. In the case of robotic surgery, control of the procedure 15
comphicated hecause there is no tactile feedback 1o the surgeon 1o, for example, enable tactile
discrimination of tissue contact gnd hetween contact with different tissue types. Further, if the
surgeon accidentally ceases control of the mput device, tssue-mteracting element 30¢ may

relatively quickly become nuspositioned.

foo1o} The computers system 1800, at least a portion of which may be considered a
distributed component of electronic civcpitey 200 hereof, of imaging system 1700 may, for

example, be configured to identify a predetermined boundary associated with a predeternuned
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volume(s) 2180 (represented schematically with diagonal section hning) as a or safe regions. As
with other embodiments hereof, more than once sach predeternuned boundanes or volumes may
be defined. Further, various anatomical structures 2130 and 2160 such as arteries, nerves elo.
{represented schematically with shading) throughout the potential path of tissue-contact
clement 30b durmg a surgical procedare may be identified a no-go or forbidden regions or be used

m defining safe boundaries of one or more predetermined {safe} volumes hereot.

100103} Artificial  mtelligence/machine  leammg  algonthms  (for  example, mmage
recognition} may be used w determpning vanious regions or vohume hereof. Such algorithms may
be combined with techmician/surgeon input to attain good precision in defiming the regions of
volumes. Reference can be made to mask, fiducials or markers represented schematically as broken

fimed rectangles 2200 on the display of monitor 2000 in FIG. 3.

(001041 Allowing surgeons and/or others to pradefing volumes or regions which are safe in
which to power a tissae-interacting element versus unsafe 1 a significant advantage. Lhnntended
tissue damage {for example, the lp or facial skin in an oral cautery procedure) is a catastrophic
outcome. Use of smart systems hereof n which satfe areas/regtons are predefimed may stgnificantly
reduce or elimimnate the tisk of wmintertional tissue damage. The technology hereof may be used in
any operating space or body cavity m which surgery is being performad with a powered surgical
mstrument or device to prevent unintentional mjury. In certain surgeries such as electrocautery,
additional benefits are provided by combiming smart system technology hereof with a sensor
system in operative connection with the electrocautery device comprising ong or more sensors to
detect one or more conditions m the vicinty of a surgical region of tterest (for example, incloding
an oxygen sensor}, As described above, if the field has an elevated oxygen level, an glectrocautery

device will not activate, thereby minimizing the risk of an operating room fire.

(001031 The foregoing description and accompanying drawings set forth a number of
representative embodiments at the present time.  Various modifications, additions and altemative
designs will, of course, become apparent to those skilled v the art m hight of the foregoing
teachings without departing fromy the scope hereot, which is tndicated by the following claims
rather than by the foregomyg description. All changes and vanations that fall withan the meaning

and range of equivalency of the claims are to be embraced within their scope.
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What s clamed 1

i A gystem for performing a sargical procedure with a powered sorgical device which
15 configured to be connected to a power source to power a tissue-interacting element of the

powered sorgreal device, comprising:
electronic circatry contigurad to be placed m connection with the powered surgical device,

A Sensor systent in conumuuoative connection with the electromoe circuatry, the sensor
system configured to measure values of one or move variables related to a usk of njury to non-

targeted tissue over time durning the surgical procedure, and

the electronic circuitry being configured to control the tissue-interacting element as a

function of the measured values of the one or more vanables.

2. The system of claim | whevein the electronic cirewtry is further configured to be

placed w1 communicative conmrection with the power source and o control the tssue~-interacting

element vig adjustment of power from the power source 1o the tissue-interacting element,

3. The system of clamm 2 wherein the electrome creuitry Comprises a processor
system and a memory system in communicaiive connection with the processor system, the memory
systen having one or more algorithins stored therein, the one or more algorithms being executable
by the processor system to analyze the measured values of the one or more vanables to determine

i one or more thresholds have been met in determining the nisk of wjury to non-targeted tissue.

4. The system of clum 3 wherein at least one of the one or more variables 1s related
to (1) a state of an environment 1 which the powered surgical device w operating duning the
surgical procedure or (31) a state of position of the tissue-interacting element of the powered

surgical device during the surgical procedure.

5. The system of claim 4 wherem the at least one of the one or more variables is related
to the posttion of the tissue-interacting element, a rate in ¢hange of the position of the ussue-
mteracting element, g trajeciory of the tissye-interacting elament, or an orientation of the tissue-
uteracting element.
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6. The system of clawm 3 wherein the electronic cireaity 15 configured to reduice power
io the tissue~interacting slement i the position of the tissue-interacting element is determined to

be outside of a predeternmined boundary,

7. The systemy of claim 6 wherein the sensor system comprises one or more

{ocalization sensors.

8. The system of claim 7 wherein the one or more localization sensors comprise at
teast one of a proxinuty sensor, a sensor for & target gas, or an imaging system sensor of an imaging

system.

Q. The system of clatm 7 figther comprising a localization svstem comprising at least
one of {1} a frame configured to be positioned adjacent to at least a portion of a surgical region of
mterest or {1t} one or mwove fiducials configored to be a veference for an imaging svstem sensor of

an Inaging system,
10, The svstem of claim 9 wherain the frame 13 a component of a surgical retractor.

11, The system of claim 9 wherein the frame comprises one or more components
attached thereto which interact with one oy more components on the powered surgical device to

localize the posttion of the tissae~-iiteracting element of the powered swrpical device,

12, The system of clamm 9 wheretn one of the frame or the powered surgical device
comprises one or more localization sensors and the other of the frame or the powered surgical
device comprises one or mote componenis which interact with the one or more localization

SENRSOTS.

13, The systemof'claim 12 wherein the frame has a plurality of energy sources attached
thereto and a plurality of energy receivers attached thereto, and wherem the powered surgical
device comprises one or more areas of matertal which 18 configured to reflect the energy from one

or maore of the plurality energy sources 1o the one ov more of the plurality of energy receivers.

14, The system of claim 13 wherein the plurality of energy sources emit energy n at
least two different directions, wherein energy emitted in each direction s distinguishable from
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energy emuted 1n another direction upon reflection to the phurality of energy receivers from the

one or nore arga of material,

15 The system of claim 14 wherein the phuality of energy sources emit energy in a
first divection and m a second direction, the second direction being approximately orthogonal to

tha fivst direction.

16, The systent of claimt 7 wherein the one or more localization sensors comprise one

or more imaging system sensors of an imaging system.

17. The system of claim 16 wherein the surgical procedure is a robotic assisted surgical

procedare.
18, The system of claim 1 wherein the electronic circuitry 1s configured to deterpune f

a threshold associated with at legst one of the one or more varsables has been exceeded.

19, The systemn of any one of claims 6 through 18 wherein the system comprises a

selection system vig which a user can define the predetermned boundary,

20, The system of any one of claims 1 through 18 wherein the powered surgical device
s a surgical dall device, a surpical saw device, an electrocautery device, laser emitting device, or

a microdebrider device.

21, The system of claum 20 wherein the powered surgical device 13 an electtocautery

device.

22, The system of any one of claims 9 through 15 wherein the powered surgical devics
15 an electrocautery device, the tissue-interacting element 15 an electrocgutery probe and the frame

1s a component of an oral surgieal retractor,

23, The system of any one of clatms 1 through 16 wherein one or more components of

the system are configured to be added onto the powered surgical device.
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24, The system of any one of elamms 2 through 16 wherem the electronic circaitry 1s a
component of a module configured to be placed 1 electrical connection wath the powered surgicat

device,

25, The system claim 4 wherem at least one of the one or more variables relate to the
state of the enviromment i which the powered surgical device 1s operating and the sensor system

COMPriSes one OF MOTe Sensors comprising at teast one of a femperature SeNsor OF & as SENSOL.

26 The system of ¢laim 23 wherein the gas sensor is an oxygen sensor.

27, The system of claim 26 wherem the electronic cireuity 1s configwred to reduce

power to the powered tissue-mieracting element 1f a predetermmed oxygen concentratton threshold

15 exceeded.

28, The system of claim 26 wherein the electronic cirenity is configured to stop power

o the tssue-tnteracting element if a predetermined oxygen concentration threshold 1s exceeded.

29, The system of any one of claims 25-28 wherein the powered surgical device is an

electrocautery device.

30, The system of any one of claims 25-28 wherein one or more components of the

system are configured to be added ento a svstemn mcluding the powered surgical device.

- p=

31, The system of any one of clamms 23 through 28 wherein the electronic circuitrv is a

component of @ module contipured to be placed in electrical connection with the powered surgical

device.

32, A method for performing a suruteal procedure with a powered surgical device
which 1s configured to be connected to a power source to powered a tissue-uteracting element of

the powered surgical device, compmising:

placing electronic circuitry in connection with the powered surgical device,
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measuring valaes of one or more vanables related to a nisk of injury to non-targeted tissue
over time during the surgieal procedure via a sensor system i commupnicative connection with the

glectronic ciroutiry, and

o

contvollmg the tissue-mnteracting element as a function of the measured values of the one

or more vanables,

33, The method of clanm 32 wherein the electromic circwitey 1s further configured 1o be
placed i conmunicative connection with the power source and to control the tissue-interacting

element via adjustment of power from the power source to the tissue-mteracting element.

34 The method of clasm 33 wherem the electronic circuitry comprises a processor
system and & memory system in commmancative connection with the processor system, the memory
system having one or more algorithms stored therem, the one or more algonithms being executable
by the processor system to anabyze the measured values of the one or more variables to deternune

if one or more thresholds have been met in deternuning the risk of mpury to non-targeted tissue.

35, The method of claim 34 wherein at least one of the one or move variables is related
to (1) a state of an enviromment in which the powered surgical device i3 operating doring the
surgical procedure or {11} a state of posuion of the tissue wteracting element of the powered surgiead

device during the surgieal procedwre.

36, The method of claim 35 wheremn the at least one of the one or more variables is
related to the state of position of the tissue-mieracting element and provides data regarding a
position of the tisspe-mteracting element, a rate w change of the position of the tssue~interacting
element, a trajectory of the tissue-interacting element, or an orientation of the tissue-interacting

element.

37 The method of claim 36 wherein the elecivonic circuity is configured to reduce
power to the tissue-mteracting element if the positon of the Gssue-tnteracting clement is

determined to be outside of a predetermined boundary.
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-

38,  The method of clamm 37 wherein the sensor system comprises one or more

localization sensors.

39, The method of claim 38 wherein the one or more localization sensors comprise at
least one of a proximuty sensor, a sensor for 8 target gas, or an imaging system sensor of an imaging

systenm.

404, The method of claym 335 wherein at least one of the one or more variables relates to
the state of the environment in which the powered surgical device is operating and the sensor
system comprises one or more sensors comprising at feast one of @ temperature sensor or @ gas

sensor.
41.  The method of claim 40 wherein the gas sensor is an oxygen sensor.

42, The method svstem of claim 41 wherein the electronic circuity is configured to
recduce power to the powered tissue-interacting element 1t a predetermined oxygen concentration

threshold 18 exceeded.

43, The method of claim 41 wherein the electronic circuity 1s configured to stop power

to the tissue-nteracting element 1f a predetermined oxygen concentration threshold is exceeded.

44, The method of any one of claims 38-43 wherein the powered swgical device 1s an

electrocautery device.
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