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1983
1994

1983 - 1984
1984 - 1988

1988 - 1991
1991 - 1992
1995 - 1999
1997 - 1998
2004 - 2019

2019 -

M.D., College of Medicine, Catholic University
Ph.D., College of Medicine, Catholic University

Intern, Catholic University Hospital

Resident, Dept. of Surgery, St. Mary’s Hospital.
Catholic University

Military physician

Clinical Fellow, Daejeon St. Mary’s Hospital
Assistant Professor, Uijeongbu St. Mary’s Hospital
Visiting doctor , MD Anderson Cancer Center
Professor of Dept. of Surgery, Uijeongbu St.

Mary’s Hospital

Professor of Dept. of Surgery, Seoul St.Mary’s Hospital
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1985 - 1991
2001
2011

2009 - 2013

2009 - 2011
2010 - 2011

2011 - 2012
2013 -2015
2014 - 2019

2014 - 2016
2015-2017
2017 - 2019

2018 -
2019 -

Medical Degree, Yonsei University College of Medicine, Korea.
Master Degree, Graduate School of Yonsei University, Korea.
Degree of Ph. D. Graduate School of Korea University, Korea.

Executive director, the Korean Society

of Head and Neck Oncology

Founding Member of Clinical Robotic Surgery Association (CRSA)
Chair of Endocrine organizing committee

of Clinical Robotic Surgery Association (CRSA)

The president, the Society of Robotic Surgery (SRS)

The vice president, the Korean Association of Robotic Surgery
The vice president, the Korean Intraoperative Neural
Monitoring Society

Editor in chief, the Korean Association of Endocrine Surgeons
The president, the Korean Association of Robotic Surgery
The founding president, the Asia—pacific association

of Robotic Surgeons

The vice president, the Korean Association of Endocrine Surgeons
The chairman of the board of directors, the Korean
Intraoperative Neural Monitoring Society
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Professor, Department of Otolaryngology-Head and Neck Surgery,
Hanyang University, Seoul, Korea

Director, Hanyang University Hospital Cancer Center, Seoul, Korea
Secretary-General, Asia—Pacific Society of Thyroid Surgery (APTS)
Former President, Korean Society of Otorhinolaryngology-Head and
Neck Surgery (2014-2015)
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Standarized IONM

» Application of IONM

» International Neural Monitoring Study Group

+ Identification (neural mapping) of the RLN
» Aid in dissection
» Prognostication of postoperative neural function

« Lesion site identification

Electrophyssibiggie Meusrent Larvageal Xerve Monltering Dunng
Tharod and Pamathvned Surgery: Insermalsenal Blasskanls
Giuidelure SEnimmeni
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» KINMoS p Standardization of IONM
L JE S - + Standards of equipment

Eurdarw detickn

Standards for Intraoperatnmg

— Meuromonitoring in Thyroid Operations
e vy g i e, ey e s ¢ e g 4,
ey Do ally Sy Beriy . enf e Srree oo Seersd
e g 8 —
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« Standards in anesthesia

+ Standards of equipment setup/endotracheal tube
placement

+ Standards in intraoperative loss of signal (LOS)
evaluation

» Standards in waveform definition and assessment

e
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» Standards of equipment

» Standards of equipment

» Current neural monitoring equipment
+ Audio-only systems vs. Audio + visual waveform

» Recording electrodes Z':--'EI !.
» Endotracheal tube electrode L
»  Post-cricoid electrode s oo i
+ Trans-cartilage electrode Lemas ey
+ Trans-cutaneous electrode ity ool

° StImUIatI ng eleCtrOdes Randolph et al. Surgery of the Thyroid

*  Monopolar and Parathyroid Glands (3 edition)
* Bipolar

» Stimulation dissector
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Randolph et al. Laryngoscope. 2011

el pren

p Standards of equipment setup/ETT placement

p Standards of equipment setup/ETT placement

* Monitoring tubes

ErEws um
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Randolph et al. Laryngoscope. 2011

v’ Correct placement : when in contact with the
medial surface of the bilateral cords

el LT

»  Common equipment-related problems
+ Malpositioning of ETT recording electrodes

+ Rotational error during intubation

+ Depth of insertion
» Salivary pooling

-

» Standards of equipment setup/ETT placement

p Standards of equipment setup/ETT placement

» General Equipment Setup
v" Ground electrodes
v" Monitor settings
*  100mcV event threshold
« Stimulation current 1~2mA

* Impedance <5 kOhm

v’ Separate monitor and electrocautery units (>2m)

e P

» General Equipment Setup
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Session II. Standard Procedure

» Standardized IONM procedure » Standardized IONM procedure
1. Preoperative laryngeal examination (L1) P
2. Vagal stimulation before thyroid dissection (V1) .
3. RLN stimulation at initial identification (R1) % [ .-r,f'
4. RLN stimulation at the end of thyroid dissection ™ 4

lete h is (R2 N\\ e
and complete hemostasis (R2) = \".l' e -}J’jﬂ_

5. Stimulation of EBSLN at identification (S1) i pretr
6. Stimulation of EBSLN at final dissection (S2) N e I'[‘L"
7. Vagal stimulation after complete thyroidectomy and \ f:_'h-ﬂ..l__. .
hemostasis (V2) . q&:\_‘_ -
8. Postoperative laryngeal examination (L2) S e
T

p Conclusion

- The routine use of IONM is suggested
- difficult cases cannot always be predicted
preoperatively

- EMG recording alone represents the “gold standard”
of the nerve function assessment

- Standardized IONM can reduce vocal cord palsy rate

Thank you for your attention

Ra-Yeong Song

Chung-Ang University Hospital
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Anesthesia for successful IONM
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+  Loss of signal: recurrent laryngeal nerve injury
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Negative predictive value Positive predictive value
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+  The influence of muscle relaxation on the summed action potentials (SAcP) of the
vocalis muscle

+ 200 adult patients with ASA class I-lll undergoing elective thyroidectomy
«  Orotracheal intubation

@ 190 patients (study group) - IV rocuronium bromide 0.9 mg/kg

@

10 patients (control group) - no muscle relaxant

«  Degree of muscle relaxation - accelerometry (twitch [% TW]) at the adductor pollicis

The EMG signals from vocalis muscle
ically, SAcPs (EWACS EMG Software System Inomed, GmbH Teningen)
onitoring : an SAcP of 0.05 mVs

Fig 1. SAcPs of the vocalis muscle at various degrees of relaxation (study group). **p<0.001
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A comparative study between 1 and 2
effective doses of rocuronium for
intraoperative neuromonitoring
during thyroid surgery

By L, B g g T, " (i i, WL g ]
P o iy, S0 Raang 11 Tarmy, W s’ Brogg T Chbang, B0 Y fohoriny £ s

+ Anideal of roc to enable muscle for
intubation without significantly affecting the evoked potentials measured by
intraoperative neuromonitoring during thyroid surgery

« A total of 80 patients
@ Group 1: 1 effective does (EDgs) of rocuronium (0.3 mg/kg)
@ Group 2: 2 EDgs of rocuronium (0.6 mg/kg)

for facilitate EMG endotracheal tube insertion

+ Measurement of evoked potentials (accelerometry, % TW) every 5 min between the
time period of 30 and 70 mins after administration of rocuronium.

signal: an activated evoked potential 2100 pV
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1 EDgy; of rocuronium 2 EDy; of rocuronium
(n=40) (n=40)

Complete neuromuscular 26 (65%) 40 (100%)
block
Time to intubation 208 + 59 sec 114 + 26 sec

(maximal neuromuscular
block)

Overall intubating
conditions

Excellent in 15 patients  Excellent in 37 patients

Good in 21 patients Good in 3 patients

Poor in 4 patients
Statistical significance (all, p<0.01)
All patients experienced successful EMG endotracheal intubation on the first
attempt.
All vagus nerves were identified within 30 min of start of operation.

i, WIEL
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Effect of intraoperative neunsmanitoring on efficacy and
mﬂm:mdhhd trial "
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The efficacy and safety of sugammadex used to block the effect of NMBA during thyroid
nerve monitoring surgery

+ 129 patients were classified into

@ The control group (group A) — rocuronium 0.6 mg/kg

@ The sugammadex group (group B)

— rocuronium 0.6 mg/kg -> (after the first vagal stimulation, V0) sugammadex (2 mg/kg)

I: an EMG signal below 100 pV following stimulation of the vagus nerve; no
no visible laryngeal twitching following stimulation of the ipsilateral
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« V1 :rocuronium 0.6 mg/kg
<V
: Rocuronium 0.6 mg/kg
-> Sugammadex 2 mg/kg
« 292 (114-1283) pV in V1 and
421 (143-2012) pV in V1
« p=0001
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* 31.3% of vocal injury
v' During intubation, surgical manipulation or extubation
v Insufficient muscle relaxation

v False positive neuromonitoring * Super low gr high single dose of rocuronium should not
recommend.

- vocal cord injury
- prolonged muscle relaxation
- 0.3 - 0.6 mg/kg : applicable
+ Repeat dose of rocuronium should not recommend.

+ Sugammadex may be useful for IONM when residual block
prolonged.

- 2-4 mg/kg : applicable
* Anticipated difficulty for intubation
- Video laryngoscopy may be useful.
In obesity patients
tal body weight vs. ideal body weight vs. lean body weight

Take home messages

Arch Surg. A2009; 144(2): 149-153

31
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Troubleshooting algorithm
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Normotive data and Interpretation
of EMG signals

4HH $4 F WAREAZO 9T TRAY 17 23
(Intraoperative neuromonitoring, IONM)Z 9J3fjA]
(VIRI-R2-V2)E w}23 ol2 $4) Uehhs EMG A58 Zaar o)
S QA olrlg Hojdt 4 glojo} w 0|2 AL EMG 4152
normative datag 0|3 d
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1. Wu CW et al. Recurrent laryngeal nerve injury with incomplete

loss of electromyography signal during monitored thyroidectomy—
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evaluation and outcome. Langenbecks Arch Surg 2017;402:691-9

2. Sritharan N, et al. The vagus nerve, recurrent laryngeal nerve, and
external branch of the superior laryngeal nerve have unique latencies
allowing for intraoperative documentation of intact neural function
during thyroid surgery. Laryngoscope. 2015;125:E84-9

3. Randolph GW et al. Electrophysiologic recurrent laryngeal nerve
monitoring during thyroid and parathyroid surgery: international

standards guideline statement Laryngoscope 2011;121 Suppl 1:51-16
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Monitor of IONM system

- Th

= 1 =
Stimulation spike ~ waveform peak
Point beginning of down-slope of peak

Randolph et al. Laryngoscope, 2010

Measuring latency to the first d eform
deflection from the zero baseline is a much more

measure and requires agreement

LT s i

i regmd Yy i |yl iyt e

Point of neural stimulation

Sritharan et al. Laryngoscope 2015
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Lee et al. World J Surg, 2020

* Amplitude
: reflects
from individual muscle fibers of the
thyroarytenoid (peak to peak)
¢ Latency
: N0 consensus
: time from the stimulation spike to

the first evoked waveform peak :
Lee et al. Laryngoscope, 2020 Sritharan et al. Laryngoscope 2015

Electrophysiology

* Supra-maximal stimulation
=RLN and vagus nerve threshold : 0.3-0.4mA
= Maximal response : 0.6-0.8 mA
=Vagal stimulation / Mapping (suprathreshold stimulation, 2 mA)

Latency Amplitude
¢ Vagus>RLN ¢ Vagus<RLN
¢ Vagus:Lt>Rt * EBSLN=1/3RLN

Sritharan et al. Laryngoscope 2015 Wu C. et al. Head Neck 2010

*0.8~1.0mA
v'Primary setting

°0.5MA
v'Test extralaryngeal branches of RLN
v Distinguish RLN from small vessel (prevent shunt stimulus)

*2.0mA

¥'Localizing or mapping the path at the tracheoesophageal groove

Wu C. et al. Head Neck 2010
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LOS

* Type | (segmental) injury ; PR

= Disrupted point or segment of nerve conduction g Ty — e el 1o i

= Clamping, traction, compression, thermal injury : e i, e e e s e T
= R2p (-), R2d (+) : Tl

* Type Il (global) injury
= No disrupted point of nerve conduction on the whole exposed nerve
= Positive response from contralateral vagus nerve
= Over-stretching during medial retraction (possible cause)
= Injury at distal intra-laryngeal focus

R2p/R2d < 40% = consider possibility of postoperative
Wu et al. Langenbecks Arch Surg 2016

Wu et al. Gland Surg, 2015

I-IONM as C-IONM Decreased amplitude after traction injury

‘ 70/M, Rt. Nodular hyperplasia, Rt. lobectomy

=

Wu et al. Surgery, 2014
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Summary

* Normative data of EMG signals from IONM
= Latency (onset vs. peak)
Vagus > RLN
¢ Vagus:Lt>Rt
plitude
Vagus <RLN
* EBSLN=1/3RLN

* Interpretation of EMG signals
= Loss of signal
Troubleshooting
Type | vs. Type Il injury
= Incomplete signal loss
R2p/R2d < 40% : consider possibility of postoperative vocal cord paralysis
= Decision for staged thyroidectomy : 20 min

40
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Tip for nerve monitoring equipment:
Medtronic vs Inomed

X| 8 Hff Grah)

IONM equipment

» L " .
Fl

]y

IONM equipment

—
E —
EMG tube — EMG tube =
@® Laryngeal electrode select = —
* Standard
* Trivantage
Lon Dy e
. /
- |
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Tube position

Setup

* Proper position of electrode
* Impedance (<5.0 kQ), impedance imbalance (<1.0 kQ)

i
t e e lelle w p)
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Channel select

Advanced setting

Advanced setting

* Audio setup

 Audio setup

Advanced setting

Advanced setting

* Audio set up

* Audio setup — default

Advanced setting




Session lll. Advanced Procedure

'.
3
i |

Advanced setting Measure

* Monitoring

EMG display Snapshot _—
. * Snapshot button | el 5 |
* NIM-3 * C2 NerveMonitor
 Customizable * Select the optimal channel

« Artifact rejection algorithm

Snapshot

® USB keyboard
e Print screen

Snapshot
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e e e e e

IR is i

Review & Report

] Sl r
i Illl—n-.,.-" =
| A e
Pl
| == o =]
T
3 ) % 0
4 g i ol e aed i el prorsdy
Summary
® NIM-3 ©® C2 NerveMonitor
© Customizable setup * Easy setup
¢ Electrode
4 channel
one size fit for all
* Display * Display
vy el Channel select
« Snapshot * Convenient

L]
e Screen capture ::te.rnal storage &
eview

© Easy report
yigs ¢ Network connection
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Monitoring of EBSLN
during thyroid surgery

2| Z= A (e

Intra-operative nerve monitoring (IONM) during thyroid surgery has
adopted widely as the gold standard of visualization of the recurrent
laryngeal nerve (RLN). In contrast, most surgeons are not routinely
expose or identify the external branch of the superior laryngeal
nerve (EBSLN) during thyroidectomy. IONM has the potential to be
utilized for identification of the EBSLN and functional assessment of
its integrity; therefore, IONM might contribute to voice preservation

following thyroidectomy or parathyroidectomy.

The superior laryngeal nerve (SLN) is a division of the vagal nerve
(VN). The SLN include of two ramifications: the internal, which
furnish sensory properties to the laryngeal lamina, and the external
branch of the superior laryngeal nerve (EBSLN), which animate the
CTM.

Surgical management of the EBSLN during thyroidectomy is
complex and opposite to conventional dissection of the RLN,
utmost clinicians tended to renounce, rather than consistently
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denude, identify and monitor the EBSLN. There is an increasing
consideration on the potential role of EBSLN estimation, monitoring,

functional preservation and evaluation in thyroid and parathyroid

surgery.

EBSLN is surgically relevant as it is in anatomical proximity to
the superior thyroid vessels (STV), inferior constrictor muscle,
cricothyroid muscle (CTM) and thyroid cartilage.

Optical recognition of the EBSLN is challenging, particularly in
remedial surgery, apical lesions, or hemorrhage of the upper thyroid
pole. Intraoperative neuromonitoring (IONM) has been proposed
to coexist to vivid identification and to expedite localization and
function preservation of the EBSLN while upper pole dissection and

ligation.

In a recent survey from the International Neuromonitoring Study
Group (INMSG) reveal that intermitted IONM was applied in
RLN handling by 95% of 120 respondents. IONM was adopted for
identification of the EBSLN by 26.3% of less-experienced vs. 68.4%
of experienced surgeons (P=0.004). Interestingly 90% of survey
feedbacks affirm that EBSLN localization is undeniable in voice
professionals.

Furthermore, the “External branch of the superior laryngeal nerve

monitoring during thyroid and parathyroid surgery: International
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Neural Monitoring Study Group standards guideline statement”
was published by the INMSG in 2013, with the aim to describe
a standardized approach for EBSLN monitoring, improve the
practice of EBSLN monitoring, optimize the clinical utility of IONM

technique.

EBSLN damage produces changes in voice projection and quality,
alongside alterations in the high-pitched sounds production ability,
modified frequency of voice, altered voice timbre, declension in
voice conduct, contracted voice virtue projection, added deed to
communicate. EBSLN dysfunction related symptoms may, in some
cases, deeply and negatively influence the standard quality of life.
These symptoms may be, of note, more noticeable with professional

speakers.

Enhance future research on EBSLN is essential to optimize its
control during upper thyroid pole dissection and to close the interval
and gap between IONM results for the RLN and EBSLN, pre- and
postoperative assessment of vocal cord (VC) mobility and voice
quality indexes.

At the end of the surgical procedure, intraoperative EBSLN
monitoring can provide postoperative neural function
prognostication: in particular, after the EBSLN stimulation

(performed in the most cranial EBSLN segment, i.e., cranially to
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the superior pole region surgically managed) a positive CTM twitch
and EMG waveform are reliable evidence for functional EBSLN
preservation.

RLN, EBSLN and VC structures and function are intimately related.

Infrequently, VC movement is defect-less, but voice ratio is slighted.
For this reason, research towards neurophysiology and pathology of
the EBSLN is up to date.

The complex neuroanatomy and physiology of VC and voice
quality require a highly EBSLN knowledge, combined with an
electrophysiological and clinical interpretation of the results before,

during and after surgery.
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Transcutaneous/Transcartilage
recording electrodes during
monitored thyroid surgery

Hl.h'-l' WA an H.h'-l' A

History of neuromonitoring method
in thyroid surgery . s

e

R —
B T I S S DS R bR R T O

ki . Luman,

e o) et e r

= e —=r*7
[ v Fm iw Fu - L . T
P rn
[ [ L] -l
~yrrt MRS Pt IO & LU ST e KPR, oS (LS T S S P PUTLrLLE
T PN p——
1 W R RN e E TR A B N AT r e B o g e

H’l.h'-l' L o H’l.h'-l' Mo

@ Goldstone et al. : The electrode endotracheal tube: a state of the art method How and Where we can receive EMG signah“‘

for monitoring the recurrent laryngeal nerve vocal cord muscle integrity vocal
cord muscle in the intubated patientl Otolaryngol Head N Surg 1990;103;249-53.

P rums

P e FE T
o o P * e b G

<1st Surface electrode based ET >

Between vocal
cords

Intramuscular
placement

Sub-perichondrial
placement

Trans-thyroid
cartilage

Postcricoid

(Liddy, 2017)

(invasive) (Chiang, 2017) (most popular) (Wu, 2018)

Data from Google patent
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-l.ﬁ' L LT
Transcutaneous needle EMG

Surface electrode ETT is most popular P = N Transcartilage needle EMG

= Non-invasive nature | W
¢ 2 ] K Skin electrode EMG
= More easy to setup and use

Transcartilage surface
electrode EMG

= EMG endotracheal tube — EMG signal of vocalis muscle

= Trans-cutaneous needle — EMG signal of laryngeal muscles (TA, LCA> PCA, IC)
= Trans-cartilage needle — EMG signal of laryngeal muscles (TA, LCA > PCA, IC)

= Skin electrode — EMG signal of laryngeal muscles (dominant muscle?)

= Trans-cartilage surface - EMG signal of laryngeal muscles (dominant muscle’,i)'q "“

| Tk DM P ey PEETE BRI E

Inireaperative Seurvmoniionng Using o Singh Tmascaridlsge Needie
Flactridy Dhuring Thyroidectemy
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il i N e T

Adhesive skin electrode in IONM Adhesive skin electrode in IONM

e it o e e T
i T W B T e M M g W Tl Tely — — —

i M B 0 LA B 1T LAY el T s’ ke ™
= Malposition of EMG tube — false positive results l'*.-"l;:_'h"':‘:m‘"":;'-'-‘-" ——_—

» To overcome the limitations of EMG tubes and needle electrode e L T P e .

o T -t P B
> At the upper borders of the left and right lamina of the thyroid cartilage
g -

i I ML
= ]
- I & I‘ - - = At both upper margins of thyroid cartilage
E [ =] i =B
M.\l:-' L L1 FH.;:-' A
Adhesive skin electrode in IONM Optimal location of skin electrode
4 -
- kd E | "'
I 4000
= 39 NARs
[ N ——— u:. fre. ||I—-:.--!-I M. 4NARs(10.3%) showed LOS
I WAy JOr SR LR L during IONM with EMG tube,
T e while all NAR showed acceptable
biphasic signal from skin
electrode.
[ | T S —————
[ w1 = — = s o e
T = =l E -
[Are——_— . e
' T i = v
e =0d = =i = Investigate the optimal location of skin electrode to obtain maximal EMG signals of
ik - - H . &
i .F an amnm 1 I. r 1 - target muscle(LCA — main adductor)
. T N - . .
i s il i - - = 5 = Compare an evoked amplitude obtained from skin electrode medial versus lateral
e i el - p- .
== cmmE re e em = e sorm
-
BRI e B

Animal study Video clip

= 4 swine models — 8 NAR
= Upper/Middle/Lower — Medial/Lateral

« Investigate the location to obtain maximal EMG signal

< Compare the skin electrode with EMG tube
§ T
L
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H'I.h'-l' L LT H'I.h'-l' AR
: Optimal location of skin electrode in clinical
Results — animal study B
setting
stim
) Uy L BN I g % * September 2019 ~ June 2020
05 Amp (W) 11978 £ 2525 15928 + 4947 13121 + 3256 18385 + 53.00 13364 + 3491 197.14 + 4601 . . )
= Thyroidectomy in PNUH — hemi/total
lat(ms) 366+033 3662033  367+030 367£030 369:029 3692029
08 Amp(UV) 12575 = 2401 170,68 + 4700 137.5 + 2666 19375 + 47.37 13631  35.34 202.43 + 49.10 = EMG tube was used, if indicated (N=16, 27 NAR)
latm 376032 3765032 376032 376032 375:031  375:031 « 78 patients
10 Amp (uV) 12378 + 2326 16721+ 4321 14142 + 2698 19364 + 4409 137.14 + 3157 206,00 + 4522 , ) )
lat(my 371033 3712033 373033 3734033 3694032 369032 Lobectomy: total thyroidectomy = 41:37, 115 NAR(nerves at risk)
15 Amp (uV) 12907 £ 2182 17978 + 41.60 14042 + 3044 19828 + 41.02 13678 + 3231 20642 + 4055 v LOS -4 NAR — Analysis of 111 NAR
lat(ms) 373033 3732033 376031 376031 371:032 3712032 = RLN and VN stimulation was performed at the end of the
20 Amp(WV) 131852184 18307 + 4053 143.00 = 2927 197.00 + 44.05 14464 + 33.99 212,64 + 46.04
procedure.
lat(ms 373£033 3732033  376:031 3762031 371:032 3712032

» Attachment in the lateral side showed more higher amplitude compared to medial

attachment

» Attachment in the middle and lower level of thyroid cartilage showed more higher

amplitude compared to upper level.

Grave's disease

«

RLN stimulation VN stimulation

m.h-"“:'lltr'lr m.h"‘":'ll':r'lr

Clinicopathologic characteristics Case | ( Skin_Lat > Skin_Med)

Rt ~ ST
et : = ==
omeereteers
Type of surgery bectomy/Total thyroidectomy) 41/37 -
[ reptey o rcrone |
[ eovesdiee

H’l.h':l' Ll o H’l.h'-l' o
Case 2 ( Skin_Lat > Skin_Med, but <100pV ) Comparison of mean amplitude and latency
e Sl A according to the skin electrode attachment
location
B EattE —| 4 _— 111 NARs Latency P value®
m (mean  SD, ms)
Medial Lateral
e C—: 216.95 £ 95.96  274.44 + 96.55 <0.001 3.41+0.77 <0.001
e - - 192.09 + 69.96  258.21+70.67 <0.001 6.33+1.41
i @& == &
NAR = nerves at risk, SD = standard deviation.
P value® statistical analyses between skin clectrode medial and lateral in each nerve
| P value®: statistical analyses between latency of R2 and V2
—_— — -—

RLN stimulation

VN stimulation
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Results

""h" L P 1

PR s b

Comeparison of mean amplitude between
skin electrode and EMG endotracheal tube

27 NAR Amplitude (mean * SD, pV) P value®
tube
n

Medial Lateral EMG endotracheal

T 185.22£ 66.56  258.48+77.31 716.25:543.35  <0.001  <0.001
ol
1442551.60 211.77+45.10 612.59:411.03  <0.001  <0.001
n

NAR = nerves at risk, SD = standard deviation.
P value*: statistical analyses between skin electrode medial and lateral.
P value statistical analyses between skin electrode and EMG endotracheal tube

In summary,

= Although evoked amplitude is relatively low, IONM
with adhesive skin electrode showed its feasibility
and verification in both animal and human cases.
= We suggest that attachment location of skin

electrode would be better in lateral side than

medial side.

Thank you for
your kind attention
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Recent updates of IONM

0| = & oairh)

In 2018, the International Neural Monitoring Study Group (INMSG)
provided two state-of-the-art guidelines based on a detailed review
of the recent monitoring literature at the time. The initial part I
document reviewed electrophysiologic adverse EMG and LOS
parameters with an algorithm for incorporation of this information
in a planned bilateral surgery. The accompanying part II document
represented complimentary set of guidelines that comprehensively
reviews the management of the RLN, especially in the setting of
invasive disease or laryngeal dysfunction, and incorporates surgical,
glottic function, and IONM data. Through this presentation, I
would like to introduce the recent updates published in PUBMED
concerning IONM in thyroidectomy.

There were 74 articles published on IONM from 2018 to the
present (July 2020). Twenty-five articles dealt on the general subject
of IONM (such as institutional outcome reports, safety etc.), 10
on its application on minimally invasive thyroidectomy, 9 on the
anatomical variations detected using IONM, 4 on the anesthesiologic
aspects, 3 on the subject of external branch of superior laryngeal

65
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nerve, 2 on staged thyroidectomy, 1 on completion thyroidectomy,
and there were 5 metaanalysis or review articles. Furthermore, there
were 4 articles on transcutaneous surface electrodes, 3 articles on
transcartilagenous electrodes, laryngeal muscle electrode sensor, and
surgical training aspect of the IONM each, and 2 on novel types of
stimulator,

Today, I would like to introduce the technical advancements such

as the sensors and stimulators

Preliminary 78

Surgical training

Is intraoperative nerve monitoring useful for surgical training in
thyroid surgery?

Intraoperative Nerve Monitoring Is Useful for Surgical Training in
Thyroid Surgery

IONM practice guidelines for the IONM supervising professional:

some questions

Feasibility and efficacy of intraoperative neural monitoring in
remote access robotic and endoscopic thyroidectomy

IONM and minimally invasive videoassisted thyroidectomy

Intraoperative neuromonitoring in traditional and miniinvasive
thyroidectomy. A single center experience in 1652 nerve at risk.

Analysis of neuromonitoring signal loss during retroauricular versus
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conventional thyroidectomy.

TO

Application of transoral continuous intraoperative neuromonitoring
in natural orifice transluminal endoscopic surgery for thyroid disease:
a preliminary study.

Feasibility of Continuous Intraoperative Neural Monitoring During
Transoral Endoscopic Thyroidectomy Vestibular Approach in a
Porcine Model

Monitored transoral endoscopic thyroidectomy via long monopolar
stimulation probe

Recurrent laryngeal nerve management in transoral endoscopic

thyroidectomy

Stimulating and dissecting instrument for transoral endoscopic

thyroidectomy: proof of concept investigation

BABA
60
Intraoperative Neural Monitoring in Endoscopic Thyroidectomy Via

Bilateral Areola Approach

Detachable stimulator

Development of a Novel Detachable Magnetic Nerve Stimulator for
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Intraoperative Neuromonitoring.

Development of an Attachable Endoscopic Nerve Stimulator for
Intraoperative Neuromonitoring during Endoscopic or Robotic
Thyroidectomy.

Development of a Novel Intraoperative Neuromonitoring System
Using a Surface Pressure Sensor to Detect Muscle Movement: A
Rabbit Model Study.

Continuous Neural Monitoring in Endoscopic Thyroidectomy:
Feasibility Experimental Study for Transcutaneous Vagal Nerve
Stimulation.

Transcutaneous Recording During Intraoperative Neuromonitoring
in Thyroid Surgery

Feasibility of Intraoperative Neuromonitoring During Thyroid
Surgery Using Transcartilage Surface Recording Electrodes.

Intraoperative Neuromonitoring of Recurrent Laryngeal Nerve
During Thyroidectomy with Adhesive Skin Electrodes.

Development of a Novel Intraoperative Neuromonitoring System
Using an Accelerometer Sensor in Thyroid Surgery: A Porcine Model
Study

Modified arytenoid muscle electrode recording method for
neuromonitoring during thyroidectomy.

Intraoperative Neuromonitoring Using a Single Transcartilage
Needle Electrode During Thyroidectomy

Efficacy of Transcartilaginous Electrodes for Intraoperative Neural
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Monitoring During Thyroid Surgery.

Tube based continuous monitor
Noninvasive, tube-based, continuous vagal nerve monitoring using

the laryngeal adductor reflex: Feasibility study of 134 nerves at risk.

General

Mini-invasive thyroidectomy and Intraoperative Neuromonitoring
(IONM): a single high-volume center experience in 215 consecutive
cases.Effect of intraoperative nerve monitoring on postoperative
vocal cord palsy rates after thyroidectomy: European multicentre
registry-based study.Intraoperative Neuromonitoring in Thyroid and
Parathyroid Surgery

Utility of continuous intraoperative neural monitoring in thyroid
surgery in a low volume centre.

Intraoperative nerve monitoring is used routinely by a significant
majority of head and neck surgeons in thyroid surgery and impacts
on extent of surgery-Survey of the American Head and Neck Society.

Neural monitoring in thyroid surgery is here to stay.

Intraoperative Neuromonitoring in Thyroid Surgery: An Efficient
Tool to Avoid Bilateral Vocal Cord Palsy.

Early detection of recurrent laryngeal nerve damage using
intraoperative nerve monitoring during thyroidectomy.

Recommendations on the use of neuromonitoring in thyroid and
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parathyroid surgery.

Effect of nerve monitoring on complications of thyroid surgery.

[Intraoperative neuromonitoring in endocrine surgery: when is it
appropriate?].

Routine Intraoperative Neuromonitoring of the Recurrent Laryngeal
Nerve to Facilitate Complete Resection and Ensure Safety in Thyroid
Cancer Surgery

New Paradigms for Neural Monitoring in Thyroid Surgery

Intraoperative neuromonitoring versus visual nerve identification for
prevention of recurrent laryngeal nerve injury in adults undergoing
thyroid surgery

Intra-Operative Neural Monitoring of Thyroid Surgery in a Porcine
Model.

Intraoperative nerve monitoring in endocrine surgery: prevalence
and reasons for its use in Australia and New Zealand

Continuous versus intermittent intraoperative neuromonitoring
in complex benign thyroid surgery: A retrospective analysis and
prospective follow-up.

IONM and thyroidectomy in benign thyroid disease. Analysis of
adverse events.

Increased prevalence of neural monitoring during thyroidectomy:
Global surgical survey.

Application of Continuous and Intermittent Intraoperative Nerve

Monitoring in Thyroid Surgery.
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Intraoperative nerve monitoring in thyroid surgery-shifting current
paradigms

[Continuous intraoperative neuromonitoring (CIONM) in head and
neck surgery-a review. German version|.

Laryngeal nerve morbidity in 1.273 central node dissections for
thyroid cancer

Twenty-year experience of paediatric thyroid surgery using
intraoperative nerve monitoring

Recurrent laryngeal nerve paralysis after thyroid cancer surgery and
intraoperative nerve monitoring.

Association Between Recurrent Laryngeal Nerve Calibre and Body
Figure: A Preoperative Tool to Assess Thin-Diameter Nerves in
Thyroidectomy.

Safety of high-current stimulation for intermittent intraoperative

neural monitoring in thyroid surgery: A porcine model.

Anesthesia

Anesthetic Considerations of Intraoperative Neuromonitoring in
Thyroidectomy

Effect of intraoperative neuromonitoring on efficacy and safety
using sugammadex in thyroid surgery: randomized clinical trial.

Influence of Sevoflurane-Based Anesthesia versus Total
Intravenous Anesthesia on Intraoperative Neuromonitoring during

Thyroidectomy.
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THYROID SURGERY, IONM AND SUGAMMADEX SODIUM
RELATIONSHIPS: BENEFITS IN SUGAMMADEX SODIUM USE
FOR IONM

EBSLN

Intraoperative Monitoring of External Branch of the Superior
Laryngeal Nerve: Functional Identification, Motor Integrity, and its
Role on Vocal Cord Function.

Identification of the External Branch of the Superior Laryngeal
Nerve during Thyroid Surgery.

Visual and electrophysiological identification of the external branch
of superior laryngeal nerve in redo thyroid surgery compared with

primary thyroid surgery.

RLN variations

Modification of the Surgical Strategy for the Dissection of the
Recurrent Laryngeal Nerve Using Continuous Intraoperative Nerve
Monitoring.

A functional assessment of anatomical variants of the recurrent
laryngeal nerve during thyroidectomies using neuromonitoring.
Bilateral patterns and motor function of the extralaryngeal
branching of the recurrent laryngeal nerve.

Motor Interconnections Between Superior and Inferior Laryngeal

Nerves
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[Study progress of intraoperative neuro-monitoring of recurrent
laryngeal nerve in thyroidectomy]

Nonrecurrent Laryngeal Nerve: Precise Detection by
Electrophysiological Nerve Monitoring

Impact of the anatomy of laryngeal nerves on intraoperative
neuromonitoring results in surgery of thyroid gland and functional
results after partial laryngectomies

Utility of intraoperative neuromonitoring in detecting recurrent
nerve's anatomical anomalies during thyroidectomy

Nonrecurrent Laryngeal Nerve: Precise Detection by

Electrophysiological Nerve Monitoring

Review, Metaanalysis

Protective Effects of Intraoperative Nerve Monitoring (IONM) for
Recurrent Laryngeal Nerve Injury in Thyroidectomy: Meta-analysis.

Importance of incorporating intraoperative neuromonitoring of the
external branch of the superior laryngeal nerve in thyroidectomy: A
review and meta-analysis study

A Review of Methods for the Preservation of Laryngeal Nerves
During Thyroidectomy

Methodological Quality of Systematic Reviews of Intraoperative
Neuromonitoring in Thyroidectomy: A Systematic Review
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Continuous intraoperative neuromonitoring (cIONM) in head and
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neck surgery-a review

Completion

Complication Risk in Secondary Thyroid Surgery.

Staged thyroidectomy
Intraoperative intermittent neuromonitoring of inferior laryngeal
nerve and staged thyroidectomy: our experience

Staged Thyroidectomy: A Single Institution Perspective
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NERVE
MONITORING

NIM Trivantage™
EMG Tube

=03 E:K0701223

» Standard size, non-reinforced
DEHP-free PVC tube
= Low profile with smooth conductive
ink electrodes
= Blue markings that aid in optimal placement

» Increased electrode surface area
= Extended length of blue placement band
= Special electrode placement pattern on tube

= Larger, more robust EMG with

twice the response
= Innovative electrode placement and design
= Facilitates improved nerve dissection

Used with the NIM® 3.0,

the NIM TriVantage tube monitors
the vocal cords and recurrent

and superior laryngeal nerves.

Medtronic

17F, Glass Tower, #534, Teheran-ro, Gangnam-gu, Seoul, 06181, Korea | TEL.02-3404-3600 Further, Together



DISSECT WITH
PRECISION AND
A COOL JAW.

Precise blunt dissection' with
a cool thermal profile

The new LigaSure™ Exact Dissector

S e

Medtronic
Further, Together




THUNDERBEAT Type
for Better AFETY

THUNDERBEAT Type S with ITM

assist you to do more safe surgery

by the improvement in

Heat Management, Secure Sealing, and
Reliable Durability.

— ~ - = : Upgraded Generator

OLYMPUS



