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(57) ABSTRACT

A system and apparatus for automatic smoke evacuation
using an RF sensor. The system and apparatus utilizes an RF
sensor for automatic activation of an evacuator that evacuates
smoke and/or debris during the use of any electrosurgical
instrument or surgical instrument that is capable of generat-
ing smoke and/or debris and capable of producing a radiof-
requency during its operation. Exemplary embodiments of
the system and apparatus for automatic smoke evacuation
include both wired and wireless embodiments.

SENSOR RECEIVER

SENSOR TRANSMITTER

J’%’E4




Patent Application Publication Jan. 7,2016 Sheet 1 of 5 US 2016/0000494 A1




Patent Application Publication

Jan.7,2016 Sheet2 of 5

~ SIGNALTO

.=
P
;,....
oS
e
m Q -—'i'\
<3: S
& . W——
o

US 2016/0000494 A1

FIG.2



Patent Application Publication Jan. 7,2016 Sheet 3 of 5 US 2016/0000494 A1

SENSOR TRANSMITTER

124
12

12¢

SENSOR RECEIVER

FIG.3




Patent Application Publication Jan. 7,2016 Sheet 4 of 5 US 2016/0000494 A1

=
L
162

FiG.4

126 <
128 <



Patent Application Publication

Jan.7,2016 Sheet 5 of 5

v

T/ FROM
e\ SMEVAC

US 2016/0000494 A1

SIGNALTO

SMEVAC,

ACTIVATION



US 2016/0000494 A1

SYSTEM AND APPARATUS FOR AUTOMATIC
ACTIVATION USING RADIO FREQUENCY
SENSOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to provisional
patent application having Ser. No. 62/020,016, filed Jul. 2,
2014, which is herein incorporated by reference in its entirety.

FIELD OF INVENTION

[0002] The present invention is generally directed to a sys-
tem and apparatus for automatic activation using a radio
frequency (RF) sensor. More particularly, the present inven-
tion is directed to a system and apparatus that utilizes an RF
sensor for automatic activation of an evacuator that evacuates
smoke and/or debris during the use of any electro surgical
instrument or surgical instrument that is capable of generat-
ing smoke and/or debris.

BACKGROUND OF THE INVENTION

[0003] Many surgical procedures using electrosurgical
devices and/or instruments produce unwanted smoke and
debris that must be removed from the surgical site. As a result,
many smoke evacuation systems and devices have been cre-
ated to assist in removing this smoke and debris. Some of
those systems and devices provide for automated removal of
the smoke and debris.

[0004] In the present invention, there are two exemplary
embodiments of the system and apparatus for automatic
smoke activation using a radiofrequency sensor. One exem-
plary embodiment utilizes an RF sensor and transmitter that
can be directly connected to a smoke evacuation unit via a
wired/electrical cord connection. The other exemplary
embodiment utilizes a wireless RE sensor and transmitter and
a separate receiver that can be connected to, or positioned
within, a smoke evacuation device,

[0005] The wireless RF sensor and transmitter of the sec-
ond exemplary embodiment can be placed anywhere within
the operating room/environment. The RF sensor and trans-
mitter of the first exemplary embodiment and the wireless RF
sensor and transmitter of the second exemplary embodiment
capture a wide range of radio frequency waves created by the
operation of a multitude of electrosurgical/surgical instru-
ments that are powered via an energy source. In addition, the
RF sensor and transmitter of the first exemplary embodiment
and the wireless RF sensor and transmitter of the second
exemplary embodiment can be positioned anywhere within
the operating room/environment thereby making it easier for
the physician or surgeon to utilize the electrosurgical/surgical
instruments along with automated smoke/debris evacuation
without encumbering the operating area of the surgeon/phy-
sician with obtrusive equipment and/or machines.

[0006] The increased RF sensitivity and extensive place-
ment/positioning options of the RF sensor and transmitter and
wireless RF sensor and transmitter of the exemplary embodi-
ments of the invention are improvements over prior RF sen-
sors used in the field. These improvements are achieved with
limited components/elements that comprise the wired and
wireless exemplary embodiments of the present invention
thereby providing an effective, efficient, and cost efficient
means for providing automated smoke evacuation with any
electrosurgical instrument or surgical instrument that utilizes
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and/or emits RF energy during its operation. Examples of
such electrosurgery instruments and surgical instruments
include, but are not limited to, electrosurgery pencils, elec-
trosurgery blades, harmonic scalpels, tissue sealers, electro-
surgical forceps, electrosurgical tips, ultrasonic devices, and
any other electrosurgical instrument or surgical instrument
that utilizes and/or emits RF waves (including low RF waves
and high RF waves; i.e. a wide range of RF waves that covers
all RF waves created during use of any of the electrosurgical/
surgical instruments) during operation or employment of the
instrument.

SUMMARY OF THE INVENTION

[0007] The present invention is directed to a system for
automatic smoke evacuation of smoke and debris from a
surgical site during the use of any surgical instrument that is
capable of producing a radiofrequency during its operation.
In one exemplary embodiment, the automatic smoke evacu-
ation system of the present invention includes a surgical
instrument capable of producing a radiofrequency during its
operation, a smoke evacuation unit capable of evacuating
smoke and/or debris through a smoke evacuation channel or
tubing, and a radiofrequency sensor connected to the smoke
evacuation unit that is capable of sending a signal to the
smoke evacuation unit where the radiofrequency sensor
includes at least two transistors in sequence.

[0008] The radiofrequency sensor may also include an
octocoupler in sequence with at least one of the two transis-
tors. The radiofrequency sensor may further include a relay
that is activated by the octocoupler and a switch that is oper-
ated by the relay where the switch is capable of sending a
signal to the smoke evacuation unit. The radiofrequency sen-
sor may also include at least one resistor between the two
transistors. Further, the surgical instrument capable of pro-
ducing a radiofrequency during its operation may include one
or more of an electrosurgery pencil, an electrosurgery blade,
a harmonic scalpel, a tissue sealer, an electrosurgical forceps,
an electro surgical tip, and an ultrasonic device.

[0009] In another exemplary embodiment, the automatic
smoke evacuation system of the present invention includes a
surgical instrument capable of producing a radiofrequency
during its operation, a smoke evacuation unit capable of
evacuating smoke and/or debris through a smoke evacuation
channel or tubing, a wireless radiofrequency sensor and trans-
mitter that is capable of receiving a signal from the surgical
instrument and transmitting a signal, and a radiofrequency
receiver connected to, or incorporated within, the smoke
evacuation unit that is capable of receiving a signal transmit-
ted from the wireless radiofrequency sensor and transmitter.
The wireless radiofrequency sensor and transmitter include a
plurality of radiofrequency sensor components and a plurality
of radiofrequency transmitter components. The plurality of
radiofrequency sensor components may include at least two
transistors in sequence. The plurality of radiofrequency sen-
sor components may also include an octocoupler in sequence
with at least one of the two transistors. The plurality of radiof-
requency sensor components may further include a relay that
1s activated by the octocoupler and a switch that is operated by
the relay.

[0010] The plurality of radiofrequency transmitter compo-
nents of the wireless radiofrequency sensor and transmitter
may include a microcontroller capable of receiving a signal
from the switch of the sensor components and a radio trans-
mitter capable of sending a signal to the radiofrequency
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receiver. The radiofrequency receiver may include a radio
receiver in sequence with a microcontroller which operates a
relay that activates a switch that sends a signal to the smoke
evacuation unit. The radiofrequency receiver may also
include at least one capacitor and a crystal oscillator.

[0011] The wireless radiofrequency sensor and transmitter
of the second exemplary embodiment of the automatic smoke
evacuation system of the present invention may include a first
antenna for receiving a radiofrequency signal form the surgi-
cal instrument and a second antenna for transmitting a signal
to the radiofrequency receiver. The radiofrequency receiver
may include a third antenna for receiving the signal form the
second antenna. The surgical instrument of the second exem-
plary embodiment ofthe automated smoke evacuation system
of the present invention that is capable of producing a radiof-
requency during its operation may include one or more of an
electrosurgery pencil, an electrosurgery blade, a harmonic
scalpel, a tissue sealer, an electrosurgical forceps, an electro-
surgical tip, and an ultrasonic device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The subject invention will hereinafter be described
in conjunction with the appended drawing figures, wherein
like numerals denote like elements, and

[0013] FIG.1isablockdiagram of one exemplary embodi-
ment of the automatic activation system using an RF sensor
according to the present invention;

[0014] FIG. 2 is an exemplary embodiment of an electrical
schematic of the RF sensor apparatus with increased sensi-
tivity shown in FIG. 1;

[0015] FIG. 3 is a block diagram of another exemplary
embodiment of the automatic activation system using a wire-
less RF sensor according to the present invention;

[0016] FIG. 4 is an exemplary embodiment of an electrical
schematic of the wireless RF sensor and transmitter of the
wireless RF sensor apparatus with increased sensitivity
shown in FIG. 3; and

[0017] FIG. 5 is an exemplary embodiment of an electrical
schematic of the radiofrequency receiver of the wireless RF
sensor apparatus with increased sensitivity shown in FIG. 3.

DETAILED DESCRIPTION

[0018] The automatic smoke evacuation system using RF
sensor of the present invention is generally directed to exem-
plary embodiments which utilize a radiofrequency sensor
having increased sensitivity that is capable of detecting
radiofrequencies produced by surgical instruments and send-
ing a signal to a smoke evacuation unit to activate smoke
evacuation when the surgical instruments are being utilized or
operated. FIG. 11is a block diagram of one exemplary embodi-
ment of the automatic activation system using an RF sensor
according to the present invention. The automatic smoke
evacuation system using RF sensor of the present invention is
utilized when performing surgical procedures on a patient 10
placed on an operating surface 12 using a surgical instrument
16 that is capable of producing a radiofrequency during its
operation. Surgical instrument 16 may be powered by an
electrosurgery unit 14. A smoke evacuation channel or tubing
18 is connected to a smoke evacuation unit 20 for removing
smoke and/or debris from the surgical site while operating the
surgical instrument 16. A radiofrequency sensor 22 with
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increased sensitivity for sensing radiofrequencies produced
by surgical instrument 16 is connected to smoke evacuation
unit 20.

[0019] FIG. 2 is an exemplary embodiment of an electrical
schematic of the RF sensor apparatus with increased sensi-
tivity shown in FIG. 1. RF sensor 22 includes an antenna 40
which receives an RF signal from the surgical instrument 16
that produces RF energy that is connected to diode 42 which
receives RF signal form the antenna 40. Diode 42 is con-
nected to two transistors 44, 50 connected in sequence and at
least one of the transistors 44, 50 is connected to octocoupler
52. Transistor 44 amplifies and switches the RF signal and
transistor 50 is a double transistor that amplifies or increases
sensitivity of the RF signal. One or more resistors 46, 48, 54
may separate the transistors and the octocoupler to restrict the
RF signal. Octocoupler 52 is connected to diode 56 which
allows the RF signal to pass in one direction to relay 58 and
relay coil 60. Relay 58 operates switch 62 by opening and
closing the contacts of switch 62. When RF is produced by the
surgical instrument 16, relay 58 closes the contacts of switch
62 and a signal is sent to the smoke evacuation unit 20 to
activate the smoke evacuation unit 20.

[0020] A block diagram of another exemplary embodiment
of the automatic activation system using a wireless RF sensor
according to the present invention is shown in FIG. 3. The
automatic smoke evacuation system using RF sensor of the
present invention is utilized when performing surgical proce-
dures on a patient 10 placed on an operating surface 12 using
asurgical instrument 16 that is capable of producing a radiof-
requency during its operation. Surgical instrument 16 may be
powered by an electrosurgery unit 14. A smoke evacuation
channel or tubing 18 is connected to a smoke evacuation unit
20 for removing smoke and/or debris from the surgical site
while operating the surgical instrument 16. Wireless RF sen-
sor and transmitter 122 can be placed anywhere within the
operating room/environment. RF receiver 124 is connected
to, or incorporated within, smoke evacuation unit 20 and is
capable of receiving a signal transmitted from the wireless RF
sensor and transmitter 122.

[0021] FIG. 4 is an exemplary embodiment of an electrical
schematic of the wireless RF sensor and transmitter of the
wireless RF sensor apparatus with increased sensitivity
shown in FIG. 3. The wireless RF sensor and transmitter 122
includes a plurality of RF sensor components 126 and a
plurality of transmitter components 128. The plurality of
sensor components 126 are configured like the RF sensor with
increased sensitivity 22 shown in FIG. 2. The sensor compo-
nents 126 include an antenna 140 which receives an RF signal
from the surgical instrument 16 that produces RF energy that
is connected to diode 142 which receives RF signal form the
antenna 140. Diode 142 is connected to two transistors 144,
150 connected in sequence and at least one of the transistors
144, 150 is connected to octocoupler 152. Transistor 144
amplifies and switches the RF signal and transistor 150 is a
double transistor that amplifies or increases sensitivity of the
RF signal. One or more resistors 146, 148, 154 may separate
the transistors and the octocoupler to restrict the RF signal.
Octocoupler 152 is connected to diode 156 which allows the
RF signal to pass in one direction to relay 158 and relay coil
160. Relay 158 operates switch 162 by opening and closing
the contacts of switch 162. When RF is produced by the
surgical instrument 16, relay 158 closes the contacts of switch
162 and a signal is sent to a microcontroller 166 which com-
prises one of the transmitter components 128. Microcontrol-



US 2016/0000494 A1

ler 166 is connected to crystal oscillator 168 and radio trans-
mitter 174. Radio transmitter 174 is connected to antenna 176
which transmits a signal that is received by radiofrequency
receiver 124 that is connected to or incorporated within
smoke evacuation unit 120. Battery 170 powers transmitter
components 128. Transmitter components 128 may also
include one or more resistors 172.

[0022] FIG. 5 is an exemplary embodiment of an electrical
schematic of the radiofrequency receiver of the wireless RF
sensor apparatus with increased sensitivity shown in FIG. 3.
The signal sent by antenna 176 and radio transmitter 174 is
received by antenna 180 and radio receiver 182 of RF receiver
124. Radio receiver 182 is connected to microcontroller 188
which is connected to crystal oscillator 184 which uses
mechanical resonance of a vibrating crystal of piezoelectric
material to create an electrical signal with a very precise
frequency. Capacitors 186 are connected to crystal oscillator
184 and are used to store electrical energy. Microcontroller
188 is connected to transistor 198 (which amplifies and
switches RF signal) which is in turn connected to relay 200
and relay coil 202 which operate switch 204. Microcontroller
188 is also connected to diodes 190, 196 which are connected
to relay 200. Resistors 192, 194 may also be included in the
RF receiver 124. When a signal is received by antenna 180 of
RF receiver 124, relay 200 closes contacts of switch 204 and
asignal is sent to the smoke evacuation unit 20 to activate the
smoke evacuation unit.

[0023] Theabove exemplary embodiments are not intended
to limit the scope, applicability, or configuration of the inven-
tion in any way. Rather, the disclosure is intended to teach
both the implementation of the exemplary embodiments and
modes and any equivalent modes or embodiments that are
known or obvious to those reasonably skilled in the art. Addi-
tionally, all included figures are non-limiting illustrations of
the exemplary embodiments and modes, which similarly
avail themselves to any equivalent modes or embodiments
that are known or obvious to those reasonably skilled in the
art.

[0024] Other combinations and/or modifications of struc-
tures, arrangements, applications, proportions, elements,
materials, or components used in the practice of the instant
invention, in addition to those not specifically recited, can be
varied or otherwise particularly adapted to specific environ-
ments, manufacturing specifications, design parameters, or
other operating requirements without departing from the
scope of the instant invention and are intended to be included
in this disclosure.

[0025] It will also be understood by those skilled in the art
that the scope of application for the wired and wireless
embodiments of the RF sensor with increased sensitivity and
RF sensor and transmitter with increased sensitivity used in
combination with the RF receiver may go well beyond use
with electrosurgical and surgical instruments and smoke
evacuation, In other words, the wired and wireless RF sensors
of the present invention could be used in other industry appli-
cations where itis important to be able to automate equipment
that generates radio frequencies.

1. A system for automatic smoke evacuation comprising:

a surgical instrument capable of producing a radiofre-
quency during its operation;

a smoke evacuation unit capable of evacuating at least one
of smoke and debris through a smoke evacuation chan-
nel; and
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a radiofrequency sensor connected to the smoke evacua-
tion unit that is capable of sending a signal to the smoke
evacuation unit where said radiofrequency sensor has at
least two transistors in sequence.

2. The automatic smoke evacuation system of claim 1
wherein the radiofrequency sensor includes an octocoupler in
sequence with at least one of said at least two transistors.

3. The automatic smoke evacuation system of claim 2
wherein the radiofrequency sensor includes a relay that is
activated by the octocoupler and a switch that is operated by
the relay where the switch is capable of sending a signal to the
smoke evacuation unit.

4. The automatic smoke evacuation unit of claim 1 wherein
said at least two transistors are separated by at least one
resistor.

5. The automatic smoke evacuation unit of claim 1 wherein
the surgical instrument capable of producing a radiofre-
quency during its operation comprises at least one of an
electrosurgery pencil, an electrosurgery blade, a harmonic
scalpel, a tissue sealer, an electrosurgical forceps, an electro-
surgical tip, and an ultrasonic device.

6. A system for automatic smoke evacuation comprising:

a surgical instrument capable of producing a radiofre-
quency during its operation;

a smoke evacuation unit capable of evacuating at least one
of smoke and debris through a smoke evacuation chan-
nel,

a wireless radiofrequency sensor and transmitter that is
capable of receiving a signal from the surgical instru-
ment and transmitting a signal; and

a radiofrequency receiver connected to, or incorporated
within, the smoke evacuation unit that is capable of
receiving the signal transmitted from the wireless
radiofrequency sensor and transmitter.

7. The automatic smoke evacuation system of claim 6
wherein the wireless radiofrequency sensor and transmitter
comprises a plurality of radiofrequency sensor components
and a plurality of radiofrequency transmitter components.

8. The automatic smoke evacuator system of claim 7
wherein the plurality of radiofrequency sensor components
includes at least two transistors in sequence.

9. The automatic smoke evacuator system of claim 8
wherein the plurality of radiofrequency sensor components
further includes an octocoupler in sequence with at least one
of said at least two transistors.

10. The automatic smoke evacuation system of claim 9
wherein the plurality of radiofrequency sensor components
further includes a relay that is activated by the octocoupler
and a switch that is operated by the relay.

11. The automatic smoke evacuation system of claim 10
wherein the plurality of radiofrequency transmitter compo-
nents includes a microcontroller capable of receiving a signal
from the switch and a radio transmitter capable of sending a
signal to the radiofrequency receiver.

12. The automatic smoke evacuation system of claim 11
wherein the radiofrequency receiver includes a radio receiver
in sequence with a microcontroller which operates a relay that
activates a switch that sends a signal to the smoke evacuation
unit.

13. The automatic smoke evacuation system of claim 12
wherein the radiofrequency receiver further includes at least
one capacitor and a crystal oscillator.

14. The automatic smoke evacuation system of claim 6
wherein the wireless radiofrequency sensor and transmitter
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includes a first antenna for receiving a signal from the surgical
instrument and a second antenna for transmitting a signal to
the radiofrequency receiver.

15. The automatic smoke evacuation system of claim 14
wherein the radiofrequency receiver includes a third antenna
for receiving the signal from the second antenna.

16. The automatic smoke evacuation system of claim 15
wherein the surgical instrument capable of producing a
radiofrequency during its operation comprises at least one of
an electrosurgery pencil, an electrosurgery blade, a harmonic
scalpel, a tissue sealer, an electrosurgical forceps, an electro-
surgical tip, and an ultrasonic device.

17. The automatic smoke evacuation system of claim 6
wherein the surgical instrument capable of producing a
radiofrequency during its operation comprises at least one of
an electrosurgery pencil, an electrosurgery blade, a harmonic
scalpel, a tissue sealer, an electrosurgical forceps, an electro-
surgical tip, and an ultrasonic device.
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