General Surgery
SURGICAL TECHNOLOGY INTERNATIONAL Volume 38

An Improved Recurrent Laryngeal
Nerve-Monitoring Device:
Technical Note for NIM Vital™

ANTONELLA PINO, MD! CHE WEI Wu, MD, PHD®
GENERAL SURGERY RESIDENT FuLL PROFESSOR OF OTOLARYNGOLOGY-HEAD AND NECK
SURGERY

FRANCESCO FRATTINI, MD?
7
GENERAL AND BARIATRIC SURGEON HooN Yus Kim, MD
FuLL PROFESSOR OF SURGERY
Hur Sun, MD?

b 8
FuLL PROFESSOR OF SURGERY PER GIORGIO CALO, MD

PROFESSOR OF SURGERY

DAQI ZHANG, MD, PHD?

Paoro DEL Rio, MD’
PROFESSOR OF SURGERY

PROFESSOR OF SURGERY

n
OZzer MAKAY, MD, PHD GABRIELE MATERAZZI, MD'°

FuLL PROFESSOR OF GENERAL SURGERY PROFESSOR OF SURGERY
5
STEFANO RAUSEl, MD GIANLORENZO DI0ONIGI, MD, PHD, FACS'
GENERAL AND SURGEON CONSULTANT FuLL PROFESSOR OF SURGERY

'DIVISION FOR ENDOCRINE AND MINIMALLY INVASIVE SURGERY, DEPARTMENT OF HUMAN PATHOLOGY IN ADULTHOOD
AND CHILDHOOD ''G. BARRESI'', UNIVERSITY HOSPITAL G. MARTINO, UNIVERSITY OF MESSINA, MESSINA, ITALY
2DIVISION OF GENERAL SURGERY, ASST SETTELAGHI, VARESE, ITALY
*DIVISION OF THYROID SURGERY, CHINA-JAPAN UNION HOSPITAL OF JILIN UNIVERSITY, JILIN PROVINCIAL KEY
LABORATORY OF SURGICAL TRANSLATIONAL MEDICINE, CHANGCHUN, CHINA
*DEPARTMENT OF GENERAL SURGERY, EGE UNIVERSITY SCHOOL OF MEDICINE, IZMIR, TURKEY
>DEPARTMENT OF SURGERY, ASST VALLE OLONA, GALLARATE, VA, ITALY
®DEPARTMENT OF OTOLARYNGOLOGY-HEAD AND NECK SURGERY, KAOHSIUNG MEDICAL UNIVERSITY HOSPITAL,
KAOHSIUNG MEDICAL UNIVERSITY, KAOHSIUNG, TAIWAN; FACULTY OF MEDICINE, COLLEGE OF MEDICINE, KAOHSIUNG
MEDICAL UNIVERSITY, KAOHSIUNG, TATWAN
"“DEPARTMENT OF SURGERY, DIVISION OF BREAST AND ENDOCRINE SURGERY, MINIMALLY INVASIVE SURGERY AND ROBOTIC
SURGERY CENTER, KUMC THYROID CENTER KOREA UNIVERSITY, ANAM HOSPITAL, SEOUL, REPUBLIC OF KOREA
8DIVISION OF SURGERY, UNIVERSITY OF CAGLIARI, CAGLIARI, ITALY
>DIVISION OF SURGERY, UNIVERSITY OF PARMA, PARMA, ITALY
10-D1viSION OF ENDOCRINE SURGERY, UNIVERSITY OF PIsA, PisA, ITALY

-q-
Copyright © 2021 Surgical Technology International ™



An Improved Recurrent Laryngeal Nerve Monitoring Device: A Technical Note for NIM"™ Vital
PINO/FRATTINI/ SUN/ ZHANG/ MAKAY/RAUSEI/WU/ KIM/CALO/DEL RIO/ MATERAZZ1/DIONIGI

ABSTRACT
Anew device for monitoring the laryngeal nerves during thyroid surgery has been developed. NIM Vital™

(Medtronic Xomed, Inc., Jacksonville, FL, USA) incorporates (a) a new wireless design, (b) NIM Nerve-
TrendTM (Medtronic Xomed) EMG reporting, (c) intelligent noise-reduction technology that suppresses arti-
facts, (d) smart troubleshooting pop-up alerts, and (e) NIM Nervassure ™ (Medtronic Xomed) for continuous
monitoring. This device offers enhanced stability and flexibility for both intermittent and continuous laryngeal
nerve monitoring. The new NIM NerveTrend " EMG reporting makes it possible to track the recurrent laryn-
geal nerve condition throughout a procedure, even when using intermittent nerve monitoring. During both
continuous and intermittent monitoring, green, yellow and red status bars provide visual information and asso-
ciated tones provide audible cues, making it easy to monitor nerve function and interpret EMG trends. This
new tool for laryngeal nerve monitoring has the potential to augment nerve dissection during surgery. Mea-

surements of long-term outcome are needed to establish their efficacy.

INTRODUCTION

Injury of the inferior laryngeal nerve
represents one of the most serious com-
plications of thyroid surgery." The mean
incidence of recurrent laryngeal nerve
(RLN) paralysis, both permanent and
temporary, after thyroidectomy is
between 2.3% and 9.8%."? Therefore
intraoperative neuromonitoring (IONM)
is expressly recommended for thyroid
surgery by most General, Endocrine and

Head and Neck Surgery Associations.>?
Documenting the monitoring process
and performing it in the fastest and most
intuitive way are crucial in surgery of the
thyroid gland.4

Specifically, the combination of
IONM technology and clinical and
experimental practice is a valuable tool
for studying the anatomy and pathophysi-
ology of RLN injury, improving surgical
technique, validating other technologies,
and research (Fig. 1).>® The benefits of
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Figure 1. Consequences of IONM use.

[ONM are even greater in endoscopic
and robotic practice (Fig, 2).”"

Progress is defined as the process of
gradually getting nearer to achieving
something or completing something; an
advance or movement toward an objec-
tive or a goal.'' IONM is a form of surgi-
cal progress because it (i) improves RLN
control during dissection, and (ii)
increases our knowledge of RLN neuro-
physiology and pathology (Fig. 3)."'¢

Herein, we present technical notes
for the new NIM Vital™ system
(Medtronic Xomed, Inc., Jacksonville,
FL, USA) in IONM during thyroid
surgery. We describe a standardized step-
by—sgsp IONM procedure using NIM
Vital * as an example.

The NIM Vital™ system consists of a
new audio+graphics IONM monitor.
Currently, audio+graphics IONM moni-
tors are preferable to audio-only IONM
systems. Table I details the advantages of
an audio+graphics IONM monitor over
an audio-only system. For predicting
post-operative vocal cord (VC) function,
one study revealed that an audio+graph-
ics IONM monitor had a NPV of 99.7%,
an accuracy of 99.4%, and a PPV of
90.9%, while an audio-only system had a
lower NPV (99.4%), accuracy (97.0%),
and PPV (66.7%)."” Furthermore, an
audio+graphics IONM monitor is a pre-
requisite for (i) loss of signal (LOS)
ascertainment, (ii) external branch of
superior laryngeal nerve (EBSLN) moni-




toring and (iii) continuous IONM (C-
IONM) compatibility. The NIM Vital™
system has an adjustable graduated
touchscreen with a Voltage threshold dis-
play. The monitor can be controlled
remotely by an incrementing stimulus

probe.

PRE- & POSTOPERA
VIANAGEIVIEN

Laryngeal examination

Table Il summarizes the standardiza-
tion process for IONM according to the
International Neural Monitoring Study
Group.”” If IONM is used, pre- (L1) and
postoperative (L2) laryngeal examina-
tions are still mandatory (a) because L1 is
a reference for V1 and R1 stimulation,
(b) because L2 is a reference for R2 and
V2, (c) to achieve proper VC clinical
assessment (IONM is not a substitute for
L1 or L2), (d) to improve the prognostic
correlation between neural stimulation
and pre- and post-operative VC function,
and (e) because the NIM Vital™ IONM
system is in the early development phase

(Table II).

Informed consent

Surgeons should not overstate the
potential benefits of IONM to patients;
RLN still occurs with the use of IONM.

Informed consent should include the
consequences of thyroidectomy, the pos-
sible risks of thyroidectomy and the pos-
sible consequences of IONM, i.e., the
possibility of staging surgery and IONM

failure.'

Documentation

The IONM documentation archiving
process is critical. Dralle et al. described
the role of IONM practice standardiza-
tion in medical malpractice litigation. If
IONM is not applied in a standardized
manner and/or without EMG documen-
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Figure 2. Consequences of IONM use in Endoscopy and Robetics.

* Improved
* Improved teamwork : I i
i IT'IP roved C

of care

Surgeon & .
’Anesthesiologist Patient

Health

staff time
Improved use of nsiste nal
equipment res 3 operating standards

Figure 3. Benefits of IONM use: Surgeons, Anethesiologists, Residents, Patients, Hospital, Health Care sys-
tem.

Table | Table Il

IONM Audio and Graphic Monitor Upgrade Standardization of IONM
* 11Surgeon-IONM interaction L1 Pre-operative laryngoscopy
e Comprehensive documentation VA Test VN before identification of RLN
¢ EMG quantification & time-frame R1 Test RLN when it is identified
* EMG recording & storage S1 EBSLN stimulation at identification
* Removal of EMG artifacts S2 EBSLN stimulation after STA ligation
* Optimize RLN dissection R2 Test RLN after completely dissected
» Support surgical deliberations V2 Test VN after complete hemostasis
* Forensic use L2 Post-operative laryngoscopy
* Research/statistics
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Figure 4. (a) Details of NIM Vital™ (Medtronic Xomed) set-up. (b) NIM Vital™ uses wireless technology,
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which allows the untethered use of different IONM accessories and imaging displays. Wireless equipment
can be moved freely from one side of the patient to the other, without having to disconnect and reconnect
cables. Advanced ORs are often challenged with video signal complexities and incompatible inputs and
outputs, which can lead to delays. As an example of an integrated solution, a surgical monitor may receive
video from the NIM Vita™ system in an operating room setting in which connection time is critical. (c) The
NIM Vital™ main and introductory screens present set-up details.

tation, IONM cannot be used as a discus-
sion item in forensic practice. The
authors stated that IONM documenta-
tion can be (a) Optimal, i.e., V1, R1, S1,
S2, R2, V2 EMG signals per side, or (b)

necessary/minimum, i.e., V2 first-side

resection (to justify bilateral procedure);
(c) the surgeon should always indicate
the time-frame and side.!” The docu-
mentation process for the new NIM
Vitalmsystem is supported by an inte-
grated database, in which it is possible to
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store all the records and patient data.
Access to data is available at any time. All
stimulation responses are automatically
stored in long-term memory. Curves can
be selected for reporting during or after
monitoring via the report function. After
surgery, a report can be easily created to
be archived in the patient record.
Reports can be generated with or with-
out a trend chart. The NIM Vital™ sys-
tem can be connected to a wireless
printer or a compact flash USB storage
device.

NIM VITAL SET-UP

Figure 4a,b shows the details of NIM
Vital " set up. NIM Vital " also features
wireless technology (Fig. 4b). The sur-

con and anesthesiologist play primary
roles in all of the stages of IONM (Fig.
5). The anaesthesiologist is responsible
for correct positioning of the endotra-
cheal tube and for the correct induction
and maintenance of anesthesia without
curare. Figure 6 summarizes the advan-
tages of pre-packaged EMG tubes. It is
preferable to choose an EMG tube with
a Vs size-greater ID and avoid gel lubri-
cation to achieve perfect contact of VC
with the surface electrodes.?*** Accord-
ing to the manufacturer, the NIM
TriVantageTM EMG Tube is a standard
size, non-reinforced, DEHP-free PVC
tube with an inflatable high-volume,
low-pressure cuff. Each tube is imprint-
ed with two pairs of bipolar conductive
silver ink electrodes. Its innovative low-
profile, smooth-surface design allows
for enhanced RLN EMG recordings,
helps optimize contact with the vocal
cords, even under tube rotation and
movement, and enables precise record-
ing of the EBSLN.2"22 Induction and
maintenance anesthesia use depolarizing
and non-depolarizing drugs. Depolariz-
ing drugs should have ultrashort-term
effects (<5 min); c.g, Succinylcholine
(Anectine®, Relaxin®).?! However, suc-
cinylcholine is associated with various
adverse effects (including muscle pain,
cardiac dysrhythmia, malignant hyper-
thermia, hyperkalemia, rhabdomyosis,
and anaphylaxis).”" Thus, non-depolar-
izing drugs are preferable; for example
(i) short-term (< 15 min), such as
Mivacurium (Mivacron®), or (ii) inter-
mediate-term (& 30 min), which are
considered to be safer, such as Vecuro-
nium (Norcuron®), Atracurium
(Genso®, Tracrium®), Rocuronium
(Esmeron®), and cis-atracurium (Nim-




bex®).?! During an operation, repeated
use is prohibited. In the case of misuse,
surgeons are encouraged to wait for
spontaneous recovery (30~60 mins) or
give reversal agents (i.e., neostigmine,
sugammadex).”" Finally, another useful
tool to promote IONM safety and quali-
ty is the surgical setting (Fig. 7). The
NIM Vital™ system has some features to
consider when setting up the operating
room. The NIM Vital™ system should
be located approximately three meters
from the surgical field and as far away
from the electrosurgical unit as possi-
ble, consistent with the surgeon’s per-
sonal preferences regarding location and
visibility (Fig. 7). NIM Vital™ uses
radiofrcqucncy energy only for its inter-
nal function. Therefore, the RF emis-
sions are very low and are unlikely to
cause interference in nearby electronic
equipment.

NIM VITAL™ POWER-ON

When the NIM Vital ™ system is
turned on, an internal check of the
integrity of the console and connected
accessories is performed. When this
integrity check is complete, the “Select
Profile “screen is displayed. The Setup
screen has the following functions: (a)
global setting (in Settings), (b) set-up
configuration, (c) profile options, and
(d) progress bar. On this screen, the
surgeon can choose an existing user
profile or create a new one. The sur-
geon can also select the surgical proce-
dure category to be carried out
(neuro/otology, head/neck, peripher-
al). Next, the surgeon can further select
the head/neck procedure for (i) parotid
2channel (CH), (ii) parotid 2CH with
nervassure, (iii) parotid 4CH, (iv)
parotid 4CH with Nervassure ™, (v) tth—
roid, (vi) thyroid with Nervassure ~,
and finally neck dissection (Fig. 8).
After the procedure is selected, the
patient interface is removed from the
console base and the wireless connec-
tion symbol on the patient interface
lights up to confirm correct association.
When the patient interface is connected
wirelessly, the “wireless” symbol
appears in the upper-right corner of the
monitor. If the wireless connection is
not available, the patient interface can
be connected to the NIM Vital™ console
with the connection cable. When the
patient interface is connected with the
cable, the “socket” symbol appears in
the upper-right corner of the monitor.®
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Figure 5. Anesthesiologist and surgical IONM components interact in a synergistic manner.
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Figure 7. IONM surgical setting. The IONM screen must be placed in front of the first surgeon to better
appreciate the EMG signal during surgery.
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Figure 8. Several procedures can be selected with the Vital NIM™ system.

Figure 9. EMG tube position verification tests.

Once the interface is connected (patient
interface highlighted with a green bor-
der on the monitor), the Check Elec-
trodes screen, which shows the

electrode check status, is presented.
The surgeon positions the sensing elec-
trodes corresponding to the muscles
innervated by the nerve to be moni-

tored, the ground and the return of the
stimulus, as indicated in the image dedi-
cated to the selected procedure.'" The
electrode connectors are connected to
the patient interface following the color
code. According to the manufacturer’s
guidelines, the EMG tube verification
test includes (a) impedance values, (b)
repeat laryngoscopy, (c¢) V1 signal
>500uV, (d) respiratory variation, and
(e) the tap test (Fig. 9).

STIMULATION

Nerve-monitoring probes

A complete line of instruments and
accessories for intraoperative nerve mon-
itoring, such as monopolar and bipolar
probes, disposable or reusable, are cur-
rently available (Fig. 10). Most stimulat-
ing probes feature a sterile, slim, flexible
insulated tip with a 360-degree contact
area that allows proper access to neural
structures.®’” The distance between the
cathode and anode at the probe tip is 0.5
mm for minimal shunting.“ The Incre-
menting Probe from Medtronic allows
surgeons to easily adjust the stimulus
level from within the surgical field, adjust
the volume of the monitor, take pictures
and print or save the screen display. Stim-
ulators can also be used as a surgical dis-
section tool (Fig, 11)."

Threshold

The threshold is the current that is
initially applied to a nerve to trigger
minimal EMG activity. Interestingly, the
nerve fibers of the VN, RLN and EBSLN
begin to be recruited and stimulated
with currents of about 0.5-0.8 mA.
With 1.0 mA, 100% of the fibers are
recruited/stimulated.'®*° Therefore, in
clinical practice, we conventionally use
1.0 mA for nerve confirmation. We use
higher intensities for nerve identification
(mapping), and lower intensities (0.5
mA) to identify nerve branches, i.c.,
intraoperative characterization of RLN
ramifications (Figs. 12, 13).

Nerve mapping: modeling trans-
tissue RLN stimulation

Shiban et al. examined how to deter-
mine the distance from a nerve structure
under stimulation.?*?* According to
Shiban et al., each 1 mA of stimulation
intensity needed to elicit an EMG
response corresponds to 1 mm distance
from a nerve. Thus, there is a linear cor-
relation between stimulation intensity
and distance (0.3 ms pulse width).”"*?



Why stimulate the VN?

In the event of problems related to
the position of the EMG tube at the
beginning of surgery, there is an intraop-
erative option for verifying the correct
positioning of the tube: stimulation of
the pre-dissection vagus nerve (V1).”
With this simple technique required for
all patients at the beginning of the opera-
tion, in all cases, if EMG with vagal stim-
ulation is satisfactory, correct positioning
of the endotracheal tube will be demon-
strated (Table II). This check also guaran-
tees the absence of paralyzing agents and
the integrity of the stimulator func-
tion.»**> Also, before definitively estab-
lishing that the tissue is negative (it is not
the RLN) and confirming the overall
function of the system, the surgeon visu-
ally identifies the vagus nerve and obtains
a true positive result.”?*” Only then can
they be sure that the IONM system
works perfectly and that, in the event of
a negative answer during the RLN
search, the result is really negative. An
important aspect to underline is that
vagal stimulation is the first (V1) and last
phase of any intervention (post-dissec-
tion vagus nerve stimulation after hemo-
stasis control: V2). VN stimulation is the
reference for RLN stimulation. VN stim-
ulation can detect any injury to the RLN
circuit (Fig. 14).

How to stimulate the VN

Figure 15 illustrates how to stimulate
the VN. In I-IONM, VN stimulation is
achieved without dissecting or partially
dissecting the carotid sheath sheet, 10:29-32
On the other hand, due to the C-IONM
probe geometry and design, VN stimula-
tion for C-IONM requires 360° VN dis-

section. %8293

VN and RLN EMG signals

The standard definitions and termi-
nology used for EMG can be applied to
IONM for laryngeal nerves. The basic
waveform evoked for the RLN or the
VN is generally biphasic (Fig. 16). This
generally biphasic waveform represents
the overall potentials of the motor action
unit of the ipsilateral muscle of the vocal
cords.'® Amplitude measurements are
generally believed to be related to the
number of muscle fibers that participate
in polarization during stimulation. Vocal
cord depolarization amplitudes range
from 100 to 800 uV during normal vol-
untary speech.”39 Referring to the exist-

General Surgery

SURGICAL TECHNOLOGY INTERNATIONAL Volume 38

BIPOLAR
=SELECTIVE

Amplitude
EMG

NERVE
CONFIRMATION
DISSECTION

I::> Minor artifacts

1000 4

800
T00 4
600
s00 4
400 4
300 4

Ramification
Definition
stim 1

0,54

-+
L il L

EMG Amplitude (nV)

00 4

100

MONOPOLAR
=SENSITIVE

~

NERVE
MAPPING

|::>Mai0r artifacts

Figure 10. Nerve-monitoring probes: monopolar versus bipolar.

— # VN
v 4+ EBSLN
: :
: :
: i
Nerve Confirmation  Nerve Mapping

U T T
01 02 03 04 05 06

[
L

T LI T T T L] T T
07 08 09 1.0 L5 2.0 25 3.0

Stimulus Current (mA)

Figure 12. Definition of threshold; i.e., the current applied to a nerve to trigger minimal EMG activity. The
nerve fibers of the VN, recurrent laryngeal nerve (RLN), and external branch of the superior laryngeal
nerve (EBSLN) begin to be recruited and stimulated with currents of about 0.5-0.8 mA. With 1.0 mA,
100% of the fibers are recruited/stimulated. Therefore, in clinical practice, we conventionally use 1.0 mA
for nerve confirmation. We use higher intensities for nerve identification (mapping), and lower intensities

(0.5 mA) for the definition of nerve branches.

ing standards in EMG monitoring physi-
ology, we define the oscillation ampli-
tude between the initial height-apex of
the positive wave and the lowest point in

the subsequent phase of opposite polarity
of the wave itself.?*

Amplitudes during IONM can vary
significantly in the same patient and
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Figure 13. Intraoperative characterization of RLN ramifications. (LT+=laryngeal twitch).

between different pa’mtients.zg'34 During
IONM of the nerve, the amplitude can
change due to variations in several factors:

#presence of liquid or blood (the oper-
ating field should be kept dry)

#correct and timely probe-nerve con-
tact during stimulation;

enerve stimulated anchor covered by
fabric/headband;

#variation of the ambient temperature
or of the irrigation liquid used;

#variation of the endotracheal tube on
the superface of the recording elec-
trode.

While amplitude is considered to be
an index of the number of fibers partici-
pating in the depolarization event, laten-
cy is usually believed to be associated
with the speed or ease of depolarization
induced by stimulation and depends on
the distance between the stimulation
point and the ipsilateral vocal fold.***

Carotid sheath I& VN dissection

I-I(%NM

No dissection

One-side Idissection

|
C-IONM

360° dissection

Figure 15. Dissection of the VN is not necessary in I-IONM.

Figure 14. Only with the most proximal stimulation
of the RLN, therefore indirect stimulation by the
vagus nerve, can we be sure of the integrity of the
entire RLN circuit.

Given the different lengths of the vagus
nerve on both sides, the latency is signifi-
cantly greater on the left side than on the
right side. Referring to the existing stan-
dards in the physiology of monitoring
and in the evoked acoustic response test,
we define latency as the time elapsed
from stimulation to the first evoked peak
of the waveform.*

NIM VITAL™ ADVANTAGES

There have been incredible advances
in the evolution and contextual maturity
of both IONM equipment and the sur-
geon’s knowledge of IONM (Fig. 17).
Today, IONM is available in all operating
rooms with a high volume of surgical
activity.16 NIM Vital ™ is a four-channel
EMG monitoring system for intraopera-
tive use during surgeries where inadver-
tent manipulation could damage a motor
nerve.>'%2%3 The NIM Vital™ system
records the EMG activity of the muscles
innervated by the affected nerve. The
monitor assists the surgeon in the initial
identification of the nerve and is there-
fore useful for locating and identifying a
specific nerve at risk within the surgical
field.”” The system offers three types of
monitoring: intermittent, comparative
and continuous.

Intermittent mode (I-IONM)
In the intermittent mode of IONM,
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the surgeon wields a stimulation probe to OIDE * I= CONFIGURAZIONE [ REPORT
perform tissue mapping, localization and 828 uV | D Sty
dissection of the nerves. During surgery, 3;%“"*
the IONM screen provides visual, graphic

and audible feedback rcgarding EMG
responses and profiles in a time-frame
analysis.”*** The displayed curves have
different colors and shapes: (i) positive
EMG response: white sinusoidal biphasic P _
curve; (ii) recognized artifact: curve with \ ' Soglia
irregular yellow peaks; and (iii) response / 100w
to nervous stress (thermal, mechanical-
chemical): curve with irregular white
peaks. Unlike in the previous NIM (3.0),
the IONM monitor chooses the channel
with the best/greatest amplitude and
latency recorded by the multichannel e E

EMG tube (Fig. 18). Therefore, monitor- e & REPORT T 7
ing is easier for the surgeon to read.”* ., | 1.049 pVv I stim 1

- +

The screen is bright without causing any 3,0ma
reflex problems and visual disturbances ES
for the surgeon. The screen highlights the
standardization process: the stimulations .
V1, R1, R2, and V2 are set as a reminder [ O s
in the screen (Fig. 18). The surgeon can
subsequently associate precise nerve
stimulations corresponding to V1, R1,
R2, andV2.

-+

Soglia

Comparative mode (NerveTrend™)
NerveTrend™ (Medtronic) is another
significant improvement of the NIM
Vital™ system. It is very useful for sur-
geons, especially those who still prefer to
use intermittent monitoring, In the com-

w2 Leiav]

: . ™ Figure 16. EMG signals: (a) VN stimulation (b) RLN stimulation. The difference in latency (longer for VN)

pz?ratlve. mode (NerveTrend . ), nerve defines the two nerves. The NIM Vital™ screen highlights laterality (left), signal amplitudes, latency (VN
timulat b d hart

sumulations can beé compared In a char 5.03 ms, RLN 2.47 ms), the biphasic curve, and stimulation intensity (3 mA). The difference in signal

that shows the trend to evaluate the  amplitudes (VN 828 pV, RLN 1.049 pV) is due to the fact that the VN is stimulated at a distance by placing
EMG response’s temporal evolution. te. the stimulator on the carotid, not directly on the VN (i.e., without opening the carotid sheet), while the RLN

The NerveTrend™ function allows the is stimulated with perfect application of the stimulating probe on the nerve.

operator to compare the trend over time
of the monitored nerve responses on a TECHNOLOGY SURGERY
graph. Figure 19 shows how to enable -

the NerveTrend™ feature. The surgeon I:-
needs to press the “Baseline” key and per- 2
form a series of stimulations (minimum
20) on the nerve using the stimulation

] * Invasive instruments * Exploring the anatomy
—te

probe to start the calculation of the ini- * EMG profile

tial reference values of EMG Amplitude * EMG tubes

and Latency.” Finally, the surgeon choos- S * Mass production
es the channel and operating side to start
the NerveTrend™ chart. The Nerve-
Trend™ function allows the surgeon to
report the trend of the EMG responses
selected as trend points in a dedicated
graph (Fig. 20). The reference values

* Exploring neurophysiology
* Standardization
Trouble shooting algoritms

* EMG baseline
* C-IONM
* Comprensive H&N

EBSLIN monitoting
* Randomized trial
INMSG Guideclines

w

Surgical strategy

. . * User friendly * Neurophysiopathology
determined by the Baseline are also used ..' VO el B » Sociatal Guidelities
to calculate two alarm thresholds: at P B provide EMG trends + Extended applications
10% above the baseline value for latency, ComeaPX| * Simulator *

and at 50% below the baseline value for
amplitude, according to INMSG Guide-
lines.® The points recorded as trend  Figure 17. The maturity of IONM.
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Figure 21. How to enable Nervassure ™ with an APS™ electrode.

points, corresponding to the stimulations
of interest, have different colors depend-
ing on their position with respect to the
alarm thresholds: (i) Green: Amplitudc
and latency values are within the alarm
threshold; (i) Yellow: Either the ampli-
tude or latency value is beyond the alarm
threshold (with audible alarm); (iii) Red:

Amplitude and latency values are beyond

the alarm threshold (with audible

alarm),1'3’7'17’27*32’39

Continuous mode (Nervassure™
with an APS™ electrode)

In continuous mode (Nervassure
with an APS ™ electrode), the operator
uses, in addition to the stimulation
probe, an electrode capable of constantly
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le1

Nervassure

1,0m

valume.

INDIETRO ACCETTA

stimulating the vagal nerve to provide
real-time feedback on the quality of the
EMG response during surgical dissec-
tion.® The system continuously monitors
the EMG activity of the muscles inner-
vated by the nerve at risk to minimize
trauma, alerting the surgeon if a particu-
lar nerve is stressed. Figure 21 shows
how to enable Nervassure ' with an APS
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Figure 22. Nervassure™ with an APS™ electrode.
Exclude
IONM equipment technical problems
Interact with anesthesiologist (neuromuscular blockage)
Stimulate the RLN near its laryngeal entry point and the ipsilateral VN
(1-2mA stimulation)
Positive laryngeal twitch RLN: EMG+, LT+ RLN: EMG-, LT-

(LT+) VN: EMG-, LT- VN: EMG-, LT-

Type 1
l Segmeental infury

LOS due to
EMG tube dislocation

|

Correct EMG tube
position

Stimulate contralateral VN
If positive

Tape 2
Clabal imjury

\\fﬁ?’

Map & identify the
point of injury

Figure 23. The technical knowledge of surgeons and trainees varies widely in the area of IONM-related troubleshooting. This systematic, practical algorithm may
help to guide all surgeons to adopt a uniform approach, thereby improving patient safety and higher IONM quality outcomes.
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™ electrode. The Nervassure " function
provides for periodic automatic stimu-
lation of the nerve to be monitored.
The Nervassure' " function is available
for the “Thyroid” and “Parotid” proce-
dures, using the APS stimulation elec-
trode (Medtronic). The resulting EMG
response is monitored continuously and
in real time, graphically recording the
trends of (a) EMG amplitude (peak-to-
peak, response to stimulation) and (b)
latency (the time from stimulation to
the onset or peak of the EMG
response). The screen is divided into
two panels: the left panel shows the
EMG response curves (direct stimula-
tion curve and APSTM stimulation
curve), and the right panel shows the
time course of the amplitude and laten-
cy parameters at each APSTM stimula-
tion (Fig. 22). The surgeon presses the
“Baseline” button to start the calcula-
tion of the initial amplitude and latency
reference values, obtained by averaging
over a minimum of 20 APSTM stimula-
tions, and then selects the operative
side. The reference values are also used
to calculate two alarm thresholds, set at
10% above the baseline value for laten-
cy, and at 50% below the baseline value
for amplitude. The points correspond-
ing to the amplitude and latency values
associated with the APS stimulations
have different colors depending on
their position with respect to the alarm
threshold values: (a) Green: Amplitude
and latency values are within the alarm
threshold; (b) Yellow: Either the ampli-
tude or latency value is beyond the
alarm threshold (with audible alarm);
(c¢) Red: Amplitude and latency values
are both beyond the alarm threshold
(with audible alarm). For a more
immediate reading of the information
on the stress state of the monitored
nerve, the APS stimulation box and the
status bar also follow the same color
code as described above. If both values
are over the alarm threshold (red) and
the amplitude has a value lower than
100UV, the message “LOS” will appear
on the APSTM stimulation box to indi-
cate a loss of signal (Fig. 22).

TROUBLE SHOOTING ALGORITHM

The NIM Vital™ software assists the
surgeon and anaesthesiologist by mak-
ing various tools available: (a) position-
ing images of the nerve electrodes to
be monitored and by type of proce-
dure; (b) audio samples; (c) integrated
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LOS1
Segmental injury

EMG

LOS 2
Global injury

EMG-

4
EMG-

Figure 24. Segmental (LOS1) versus global (L0S2) RLN injury.

Table lli
True LOS

e Prudence & experience
e |dentification of site of lesion

* Modify surgical maneuver

e Steroid (iv/topical)

e Stratification LOS 1 vs LOS 2 (prognosis)

e Elucidate mechanism of injury

¢ Corrective action (remove clip, ligature - RLN-RLN anastomosis)
* Predict the outcome (traction/thermal/section injury)

* Wait & see (intraoperative recovery of LOS)

¢ Consideration of optimal contralateral surgery timing
¢ Inform anesthesiologist & patient (plan therapy)

user manual; (d) algorithm for solving
problems in case of signal loss; and (e)
contacts for technical assistance (Fig.
23).

LOS coding includes (a) L1 with
normal VC movement, (b) initial EMG
satisfactory (V1>500uV), (c) no EMG
response (1-2mA - dry field), (d) low
response <100uV (1-2mA - dry field),
(e) no laryngeal twitch (LT-), and (f)
troubleshooting algorithm applied sys-
tematically. Figure 24 depicts the cate-
gorization of LOS1 and LOS2. Table III
summarizes the consequences of LOS
and how to use this information.®
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NIM VITAL™ REPORT AND
DOCUMENTATIONS

The NIM Vital™ report screen allows
surgeons to quickly compose, print
and/or save reports using a report
builder. Even when the report screen is
open, monitoring remains active, emit-
ting background audio signals. The
report screen has the following func-
tions: (i) Categories and data acquired
for export; (ii) Preview of the report;
(iti) Case in progress; (iv) Edit Report
Panel, and (v) Type of export (Save to
USB storage device or Print). The sur-
geon can make a final review of the
report before exporting, using the Pre-
view window. The system creates file
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Figure 25. NIM Vital™ reporting.

names using the format report type, ial number of the case and the type of
year, month, day and time; for example,  procedure. Finally, all case data (snap-

Report_20200505_193005.pdf (Fig.  shots, log files, Nervassure” and Report IONM represents a highly complex
25). The reports are placed in a case  data) are lost when the unit is turned  organizational/procedural framework
folder that is labeled by the date, the ser-  off. that must respond to specific standard-
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>

High technology

("‘LOW technology

Low thyroid speciality

High thyroid speciality

Figure 26. Centralization of C-IONM.

ized criteria (Fig. 26). The main purpose
of standardization is the continuous
improvement of IONM quality.” Anoth-
er purpose of standardization is to
reduce variability in IONM use.*? The
quality and benefits of IONM are
strictly dependent on standardization.
IONM standardization is a continuous
process with incessant improvement
and consolidation.*' This technical
report promotes the dissemination of a
new tool for IONM and aims at
improving IONM outcomes in clinical
practice, thus increasing the appropri-
ateness and effectiveness of IONM
use.”®”?” This technical report, pro-
duced through a rigorous methodolog-
ical process, sought to simultaneously
improve the quality of IONM results
and support professional autonom}}r for
surgeons using the new NIM Vital" sys-
tem (Medtronic Xomed).”* We hope
to improve the safety of IONM by defin-
ing and promoting recommendations
and standards that can be adapted, thus
strengthening pre-, intra- and post-oper-
ative NIM Vital™ processes. The poten-
tial impact of such standards in terms of
public health is enormous if we consider
the immense number of endocrine sur-
gical procedures performed worldwide.
It is essential that an appropriate training
strategy be developed for the new NIM
Vital * system aimed at all operators

involved in endocrine surgery activities,
with the goal of increasing both techni-
cal and cognitive-behavioral IONM
skillg, 2:5:8:9:22,3
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