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INTERFACE MODULE FOR USE WITH
NERVE MONITORING AND
ELECTROSURGERY

BACKGROUND

Electrophysiological monitoring assists a surgeon in
locating nerves within an obscured surgical field, as well as
preserving and assessing nerve function in real-time during
surgery. To this end, nerve integrity monitoring is commonly
employed to monitor electromyographic (EMG) activity.
During nerve integrity monitoring, sensing or recording
electrodes are coupled to appropriate tissue (e.g., cranial
muscles innervated or controlled by the nerve of interest,
peripheral nerve, spinal cord, brainstem, etc.) to sense EMG
activity. Stimulation, for example electrical stimulation or
mechanical stimulation, can cause excitement of the tissue.
During electrical stimulation, a stimulation probe applies a
stimulation signal near the area where the subject nerve may
be located. If the stimulation probe contacts or is reasonably
near the nerve, the applied stimulation signal is transmitted
through the nerve to excite the innervated tissue. In
mechanical stimulation, direct physical contact of the appro-
priate tissue can cause excitement of the tissue. In any event,
excitement of the related tissue generates an electrical
impulse that is sensed by the recording electrodes (or other
sensing device). The recording electrode(s) signal the sensed
electrical impulse information to the surgeon for interpreta-
tion in the context of determining EMG activity. For
example, the EMG activity can be displayed on a monitor
and/or presented audibly.

Nerve integrity monitoring is useful for a multitude of
different surgical procedures or evaluations that involve or
relate to nerve tissue, muscle tissue, or recording of neuro-
genic potential. For example, various head and neck surgical
procedures (e.g. parotidectomy and thyroidectomy) require
locating and identifying cranial and peripheral motor nerves.
In some instances, an electrosurgical unit is used to perform
these surgical procedures. Current electrosurgical units
include a conductive tip or needle that serves as one elec-
trode in an electrical circuit which is completed via a
grounding electrode coupled to the patient. Incision of tissue
is accomplished by applying a source of electrical energy
(most commonly, a radio-frequency generator) to the tip.
Upon application of the tip to the tissue, a voltage gradient
is created, thereby inducing current flow and related heat
generation at the point of contact. With sufficiently high
levels of electrical energy, the heat generated is sufficient to
cut the tissue and, advantageously, to simultaneously cau-
terize severed blood vessels.

Due to the levels of electrical energy generated by elec-
trosurgical units, systems for nerve integrity monitoring
experience a large amount of electrical interference when
used during electrosurgical procedures. The electrical inter-
ference can create incorrect neurogenic (nerve tissue) or
myogenic (muscle tissue) signals. For example, during EMG
monitoring, electrosurgical activity can create artifacts (e.g.,
false positives) as well as introduce a significant amount of
noise in the nerve integrity monitoring system. As a result,
current techniques involve using a probe to mute all chan-
nels of the nerve integrity monitoring system during an
electrosurgical procedure. Thus, monitoring of EMG activ-
ity is typically suspended during operation of the electro-
surgical unit. In order for a surgeon to prevent cutting a
nerve with the electrosurgical unit, the surgeon will cut for
a brief period and then stop cutting such that nerve integrity
monitoring can be restored. If no EMG activity is detected,
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the surgeon can then cut for another brief period, while
pausing intermittently to restore nerve integrity monitoring
so as to prevent from cutting a nerve. This process is
repeated until the surgeon is completed with the electrosur-
gical procedure. Without being able to monitor EMG activ-
ity during an electrosurgical procedure, the electrosurgical
procedure can be cumbersome and time consuming.

SUMMARY

Concepts presented herein relate to an interface module
that can be electrically coupled to an electrical stimulation
generator, a radio frequency generator and an instrument. A
selection module is coupled to the interface module and
operates in a first mode to deliver electrical stimulation
signals from the electrical stimulation generator to the
instrument and in a second mode to deliver and/or disable
radio frequency signals from the radio frequency generator
to the instrument.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic block diagram of an interface
module selectively delivering electrical stimulation signals
and radio frequency signals to an instrument.

FIG. 2 is a schematic block diagram of a surgical system
including an interface module coupled to a nerve integrity
monitoring system and an electrosurgical unit.

DETAILED DESCRIPTION

FIG. 1 is a schematic block diagram of an instrument 10
for selectively applying signals received from an electrical
stimulation generator 12 and a radio frequency (RF) gen-
erator 14 to tissue of interest in a surgical procedure. An
interface module 16 is electrically coupled to the stimulation
generator 12 and the RF generator 14 to selectively operate
in a plurality of modes to deliver a desired output to the
instrument 10. In particular, interface module 16 includes a
first input 164 electrically coupled to the electrical stimula-
tion generator 12, a second input 164 electrically coupled to
RF generator 14 and an output 16¢ electrically coupled to
instrument 10.

A selection module (e.g., a switch or network) 18 is
coupled to interface module 16 and operates to selectively
deliver one of electrical stimulation signals and RF signals
provided by electrical stimulation generator 12 and RF
generator 14, respectively, to instrument 10. In particular,
selection module 18 is configured to complete either a first,
electrical stimulation circuit 20 or a second, RF circuit 22.
As such, when instrument 10 is brought into contact with
tissue of a patient and electrical stimulation circuit 20 is
complete, electrical stimulation signals from electrical
stimulation generator 12 are delivered to the tissue. Alter-
natively, when RF circuit 22 is complete, radio frequency
signals from RF generator 14 are delivered to the tissue.
Interface module 16 can further be coupled to recording
electrodes that can provide signals that are indicative of
contact between instrument 10 and a nerve or muscle.

Instrument 10 can be any instrument that electrically
interfaces with a patient to perform nerve monitoring and/or
electrosurgery. In one embodiment, instrument 10 can be a
bipolar forceps, a laproscopic bipolar instrument or a
monopolar cautery pencil. In any event, instrument 10 can
include an integrated nerve stimulating probe as well as a
working tip appropriate for a desired application such as

surgery.
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In one embodiment, electrical stimulation generator 12 is
part of a NIM-Response® 3.0 nerve monitoring system
available from Medtronic Xomed, Inc. of Jacksonville, Fla.,
and configured to deliver electrical stimulation signals to
instrument 10 so as to excite tissue in contact with instru-
ment 10. In one embodiment, the electrical stimulation
signals provided by electrical stimulation generator 12 are of
sufficient strength so as to stimulate associated tissue yet
inherently safe so as to prevent physical trauma to the
associated tissue.

In one embodiment, RF generator 14 can be part of an
electrosurgical unit (ESU) configured to manipulate tissue,
for example through cutting, cauterizing and hemostasis.
Example ESUs are available through Valleylab of Boulder,
Colo.; ERBE of Marietta, Ga.; ConMed Corporation of
Utica, N.Y.; Gyrus ACMI of Southborough; Mass. and
Megadyne of Draper, Utah. RF generator 14 can be config-
ured to achieve various different tissue effects, as desired. In
one embodiment, RF generator is configured to operate to
delivery signals at a rate between 500-3,300 KHz at various
voltage levels.

Interface module 16 integrates electrical stimulation gen-
erator 12 and RF generator 14. To this end, interface module
16 can be equipped to receive cabling from electrical
stimulation generator 12, RF generator 14 and instrument
10. Interface module 16 can further be equipped to receive
input from and/or provide output to other devices as desired.

Selection module 18 can take many forms including a
manual switch, electrical switch or electrical network, to
selectively direct and deliver signals from electrical stimu-
lation generator 12 and RF generator 14. In one embodi-
ment, selection module 18 can be a mechanical switch
directly integrated into instrument 10 so that a user can
easily select what signals are sent to instrument 10 while
operating instrument 10. For example, instrument 10 may
include a handle with selection module 18 maintained within
the handle. In this embodiment, two way communication is
provided between instrument 10 and interface module 16 so
that selection module 18 notifies interface module 16 of a
desired signal to be sent to instrument 10. In a further
embodiment, selection module 18 can be directly coupled to
interface module 16. Example mechanical switches include
dome switches, rocker switches, toggle switches, etc. In a
still further embodiment, selection module 18 can be an
electrical switch. The electrical switch can be configured to
interleave signals to instrument 10 so as to give the appear-
ance to a user that both signals from electrical stimulation
generator 12 and RF generator 14 are simultaneous, for
example by periodically switching signals delivered to
instrument 10 on a short time scale (e.g. milliseconds) into
an alternating pattern. In another embodiment, the interface
module 16 continuously combines and directs electrical
stimulation signals and radio frequency signals in the output
signals. In still a further embodiment, selection module 18
can be formed of a combination of mechanical and electrical
switches. For example, an electrical switch can continuously
interleave electrical stimulation signals into output signals
that are sent to instrument 10 while a mechanical switch
determines whether signals from RF generator 14 are sent to
instrument 10. In yet a further embodiment, selection mod-
ule 18 can be an electrical network configured to select a
signal that is delivered to instrument 10, for example as a
function of a frequency of the signal or alternatively com-
bine electrical stimulation signals and RF signals into an
output signal.

In a further embodiment, interface module 16 can be
capable of two, three or more modes of operation. For
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example, RF generator 14 can provide multiple distinct
operational signals when used as an electrosurgical unit. In
one particular embodiment, these RF generator signals are
configured for both cutting and coagulation. In this instance,
interface module 16 can be configured to operate in three
separate modes, namely an electrical stimulation mode,
(thus delivering stimulation signals from electrical stimula-
tion generator 12) an RF cutting mode (thus delivering
cutting signals from RF generator 14) and an RF coagulation
mode (thus delivering coagulation signals from RF genera-
tor 14).

In still further embodiments, interface module 16 can
include a default mode of operation. For example, interface
module 16 can be configured to deliver signals from elec-
trical stimulation generator 12 when a user has not actively
selected a desired mode of operation. As discussed above,
signals from electrical stimulation generator 12 operates in
an inherently safe mode that does not provide physical
trauma to tissue in contact with instrument 10. By utilizing
a default mode for delivering electrical stimulation, acci-
dental delivery of RF signals to instrument 10 can be
prevented. In an alternative default mode, interface module
16 prevents any signals from being transmitted to instrument
10. In yet a further embodiment, interface module 16 can
prevent signals sent from electrical stimulation generation
12 upon an indication that instrument 10 is proximate and/or
contacts a nerve.

In any event, selection module 18 operates to selectively
complete electrical stimulation circuit 20 or RF circuit 22.
To this end, circuits 20 and 22 can be configured for different
modalities, such as monopolar, bipolar and/or combinations
thereof. For example, in a monopolar modality, circuit 20
can include one or more recording electrodes coupled to
tissue of a patient. When circuit 20 is complete, current
passes from electrical stimulation generator 12, through
interface module 16 and to instrument 10, in contact with
tissue. Current then passes through tissue from the point of
contact with instrument 10 to the point of coupling to the one
or more recording electrodes. Current then passes from the
recording electrodes back to electrical stimulation generator
12. In an alternative embodiment, instrument 10 may be a
bipolar instrument that includes two electrodes, one serving
as an active electrode and one serving as a return electrode.
In this case, current flows from electrical stimulation gen-
erator 12, through the interface module 16 and to the active
electrode of instrument 10. Current then passes through the
tissue from the point of contact with the active electrode to
the point of contact with the return electrode and back
through the return electrode, instrument 10, interface mod-
ule 16 and to electrical stimulation generator 12. Similarly,
RF circuit 22 can include a dispersive pad coupled to tissue
in a monopolar configuration and/or instrument 10 can
include multiple electrodes in a bipolar configuration so as
to complete circuit 22 through tissue of the patient.

FIG. 2 is a schematic block diagram of a surgical envi-
ronment utilizing specific implementations of components
illustrated in FIG. 1 to selectively perform nerve monitoring
and electrosurgery at an internal target tissue site “I”. In one
embodiment, the internal target tissue site “T” is accessed
laparoscopically and surgery is performed using a surgical
robot such as the DaVinci robot available from Intuitive
Surgical of Sunnyvale, Calif. In this case, instrument 10 is
a wristed instrument coupled to the surgical robot and
capable of control by the robot. Electrical stimulation gen-
erator 12 is embodied within a nerve monitoring system 24
and RF generator 14 is embodied within an electrosurgical
unit (ESU) 26. Interface module 16 is coupled to both nerve
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monitoring system 24 and electrosurgical unit 26 through
inputs 16a and 164 as discussed above. Interface module 16
is also coupled to instrument 10 through output 16¢. Selec-
tion module 18 is operatively coupled to interface module 18
to indicate desired signals to be delivered to instrument 10,
so as to selectively complete circuits 20 and 22 (schemati-
cally shown).

In general terms, the nerve monitoring system 24 is
configured to assist in and perform nerve integrity monitor-
ing for virtually any nerve/muscle combination of the human
anatomy, as well as recording nerve potential. The system 24
includes a control unit 30, which can assume a wide variety
of forms and in one embodiment includes a console 40 and
a patient interface module 50. The ESU 26 generates current
that is sent to surgical instrument 10 for cutting or otherwise
manipulating tissue of a patient.

System 24 includes one or more sensing probes 52, which
can be any type of sensing device such as an electrode and
can operate to complete circuit 20 in a monopolar configu-
ration. In a laporoscopic surgical environment, sensing
probes 52 can be coupled to tissue internal to a patient
through a suitable introducer such as a cannula, trocar, etc.
The control unit 30 facilitates stimulation of the instrument
10, as well as processes all information generated by instru-
ment 10, sensing probes 52 and other components (not
shown) during use. The instrument 10 and the control unit 30
are adapted to allow control and variation of a stimulus
energy delivered to, and thus a stimulus level delivered by,
the instrument 10. Further, the control unit 30 processes
information (e.g., patient response) received from instru-
ment 10 and/or sensing probes 52 resulting from delivered
stimulation.

Using the sensing probes 52, the system 24 performs
monitoring based upon recorded EMG activity in response
to an electrical current energy delivered by the instrument 10
and/or physical manipulation of tissue. With the one
embodiment of FIG. 2, the console 40 and the patient
interface module 50 are provided as separate components,
communicatively coupled by a cable 54. Alternatively, a
wireless link can be employed. Further, the console 40 and
the patient interface module 50 can be provided as a single
device. In basic terms, however, the patient interface module
50 serves to promote easy connection of stimulus/sensory
components (such as the instrument 10 and sensing probes
52), as well as to manage incoming and outgoing electrical
signals. The console 40, in turn, interprets incoming signals
(e.g., impulses sensed by sensing probes 52), displays infor-
mation desired by a user, provides audible feedback of
signals, presents a user interface (such as by including, for
example, a touch screen), and delivers a stimulation energy
to the instrument 10 pursuant to control signals from the
instrument 10 (via connection to the patient interface mod-
ule 50), as well as other tasks as desired.

As previously described, the patient interface module 50
communicates with the console 40 through the cable 54
information to and from the instrument 10, as well as
information from the sensing probes 52. In effect, the patient
interface module 50 serves to connect the patient (e.g., at
tissue site “T"”’) to the console 40. To this end, and in one
embodiment, the patient interface module 50 includes one or
more (preferably eight) sensory inputs 56, such as pairs of
electrode inputs electrically coupled to receive signals from
the sensing probes 52 (referenced generally in FIG. 2). In
addition, the patient interface module 50 provides a stimu-
lator input port 58 (referenced generally in FIG. 2) and a
stimulator output port 60 (referenced generally in FIG. 2).
The stimulator input port 58 receives control signals from
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the instrument 10 relating to desired stimulation levels
and/or other activities, whereas the stimulator output port 60
facilitates delivery of stimulation energy from the electrical
stimulation generator 12 to the instrument 10. The patient
interface module 50 can further provide additional compo-
nent port(s), such as a ground (or return electrode) jack,
auxiliary ports for additional stimulator probe assemblies,
etc.

The sensing probes 52 are coupled to the patient (e.g.,
selected tissue) to provide signals to the patient interface
module 50. Tn one embodiment, the plurality of probes 52
includes eight probes that are electronically coupled to
sensory inputs 56. In normal operation, the probes 52 sense
electrical signals from the patient and send the signals to
patient interface module 50. These signals include an elec-
trical impulse from patient tissue, which is indicative of
EMG activity (e.g., a bio-electric response) in the patient.
Upon sensing that instrument 10 is proximate and/or con-
tacting a nerve so as to create EMG activity (e.g., as a result
of signals from ESG 12 and/or ESU 26), sensing probes 52
can provide an indication to interface module 16 that will
disable any further signals from ESU 26 being transmitted to
tissue site “T” through instrument 10. As a result, damage to
nerves in tissue site “T” can be prevented by automatically
disabling operation of ESU 26 (e.g., by suppressing its
signals). In a further embodiment, interface module 16 can
further provide an alert (e.g., an audible and/or visual signal)
that sensing probes 52 are sensing EMG activity.

ESU 26 can be configured to perform various electrosur-
gical modalities such as monopolar, bipolar and/or combi-
nations thereof. Moreover, ESU 26 can be configured to
deliver different types of RF signals so as to achieve a
desired tissue effect. To this end, various waveforms and/or
power settings can be applied to instrument 10 through
interface module 16 as desired. Additionally, instrument 10
can be equipped with a tip desired for a particular applica-
tion of signals from ESU 26.

In a further embodiment, one or more cameras 60 are
positioned so as to provide visual information of the surgical
site to assist the surgeon in performing the desired surgical
procedure. The one or more cameras 60 can also be intro-
duced to site “T” laparoscopically. Video data from the one
or more cameras 60 can be provided to a monitor 62, along
with video data from console 40. To this end, the surgeon is
provided with both visual information of the surgical site as
well as visual information indicative of recorded responses
from sensing probes 52 and/or instrument 10. By selectively
providing stimulation signals and RF signals, the surgeon,
through use of monitor 62, can visually check whether a
targeted site is a nerve or whether RF signals can be sent so
as to cut the targeted tissue. As such, a surgeon can quickly
discern and cut targeted tissue.

Although the present disclosure has been described with
reference to preferred embodiments, workers skilled in the
art will recognize that changes can be made in form and
detail without departing from the spirit and scope of the
present disclosure.

What is claimed is:

1. A surgical system for use on tissue at a target site,
comprising:

an instrument;

an electrical stimulation generator configured to generate

electrical stimulation signals;

an electrosurgical unit configured to generate radio fre-

quency signals;

an interface module electrically coupled to the instrument,

the electrical stimulation generator and the electrosur-
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gical unit, the interface module configured to receive an
indication of a bio-electric response caused by stimu-
lation of the tissue from the electrical stimulation
signals;

a first circuit including the instrument, the electrical

stimulation generator and the interface module;

a second circuit including the instrument, the electrosur-

gical unit and the interface module; and

a selection module electrically coupled to the interface

module and utilizing an electronic switch configured to
selectively complete one of the first circuit and the
second circuit so as to automatically interleave the
electrical stimulation signals and the radio frequency
signals delivered by the instrument into an alternating
pattern, wherein upon receiving the indication, the
interface module automatically disables the second
circuit to prevent radio frequency signals from being
sent to the instrument.

2. The surgical system of claim 1 wherein the instrument
is one of a bipolar forceps, a laparoscopic bipolar instru-
ment, a monopolar cautery pencil and a wristed instrument.

3. The surgical system of claim 1 wherein the selection
module is coupled to the instrument.

4. The surgical system of claim 1 wherein the selection
module is electrically coupled to the interface module and
configured to disconnect the second circuit.

5. The surgical system of claim 1 wherein the selection
module is electrically coupled to the interface module to
provide a signal indicative of electrical activity at the target
site.

6. The surgical system of claim 1, further comprising one
or more recording electrodes coupled to the tissue and
configured to record the bio-electric response from the
tissue, the bio-electric response generated from electrical
stimulation signals delivered to the tissue and wherein the
one or more recording electrodes form part of the first
circuit.

7. The surgical system of claim 1, further comprising one
or more recording electrodes coupled to the tissue and
configured to record the bio-electric response from the
tissue.

8. The surgical system of claim 1, further comprising one
or more recording electrodes coupled to tissue and config-
ured to record the bio-electric response generated from the
electrical stimulation signals delivered to the tissue.

9. The system of claim 1, wherein the electrosurgical unit
is configured to deliver both cutting signals and coagulation
of signals to the instrument.

10. The system of claim 1, wherein the signals are
interleaved in the order of milliseconds.

11. A surgical system for use on tissue at a target site,
comprising:

an instrument;

an electrical stimulation generator configured to generate

electrical stimulation signals;
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an electrosurgical unit configured to generate radio fre-

quency signals;

an interface module electrically coupled to the instrument,

the electrical stimulation generator and the electrosur-
gical unit, the interface module configured to receive an
indication of a bio-electric response caused by stimu-
lation of the tissue from the electrical stimulation
signals;

a first circuit including the instrument, the electrical

stimulation generator and the interface module;

a second circuit including the instrument, the electrosur-

gical unit and the interface module; and

a selection module electrically coupled to the interface

module and utilizing an electronic switch configured to
selectively complete one of the first circuit and the
second circuit so as to automatically interleave the
electrical stimulation signals and the radio frequency
signals delivered by the instrument into an alternating
pattern on the order of milliseconds, wherein upon
receiving the indication, the interface module automati-
cally disables the second circuit to prevent radio fre-
quency signals from being sent to the instrument.

12. The surgical system of claim 11, wherein the instru-
ment is one of a bipolar forceps, a laparoscopic bipolar
instrument, a monopolar cautery pencil and a wristed instru-
ment.

13. The surgical system of claim 11, wherein the selection
module is coupled to the instrument.

14. The surgical system of claim 11, wherein the selection
module is electrically coupled to the interface module and
configured to disconnect the second circuit.

15. The surgical system of claim 11, wherein the selection
module is electrically coupled to the interface module to
provide a signal indicative of electrical activity at the target
site.

16. The surgical system of claim 11, further comprising
one or more recording electrodes coupled to the tissue and
configured to record the bio-electric response from the
tissue, the bio-electric response generated from electrical
stimulation signals delivered to the tissue and wherein the
one or more recording electrodes form part of the first
circuit.

17. The surgical system of claim 11, further comprising
one or more recording electrodes coupled to the tissue and
configured to record the bio-electric response from the
tissue.

18. The surgical system of claim 11, further comprising
one or more recording electrodes coupled to tissue and
configured to record the bio-electric response generated
from the electrical stimulation signals delivered to the tissue.

19. The system of claim 11, wherein the electrosurgical
unit is configured to deliver both cutting signals and coagu-
lation of signals to the instrument.
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