WRREE 55294 24 2018

7 s|chetan ohahel ot A8l ahin ojatejst oful el g utan AL
2

doel.

27"

Animal Studies About Intraoperative Neuromonitoring of Thyroid Surgery

Oh Eun Kwon, MD' and Young-Gyu Eun, MD, PhD"

'Department of Otorhinolaryngology-Head & Neck Surgery, Graduate School, Kyung Hee University, Seoul; and
’Department of Otorhinolaryngology-Head & Neck Surgery, School of Medicine, Kyung Hee University, Seoul, Korea

M E

4<% % A7 7 A (intraoperative neuromonitoring,

= 54T 999 & F HdeEolA &
& YT 5 Sl HEo]$F417% (recurrent laryngeal
nerve, RLN)¢] &40 2 o3t HEo| &A% v
(Recurrent laryngeal nerve palsy) & ol%3st7] $l8t &=
o & ol ALgE 1 glrh o] zMAbd oY Bakar
A e o]lF AT 4= 9= A HAE o R &

SolFEAUNIR QT BT 4] A Asls}

et weo] 97| wiolrt? wek & F AFEA]
+ HEo| A o &Fo e HEshy] ofs) A3
o g A¥Hsly] ¢st F HAAFE T (gold standard) 2 AF
453 gt

e T AATAY BEAQ AM-S 98 theket 9
g ATt & dAqEol A E o] gtk 53] s=AT
£ SoAe S A 1% A8 ASA =,
& 7 AT 5= e A 7 SRS SR mE
A7 EF A= Aol 5 F AHEEE A Y7 (en-

TAIARF - 2-95E, 20447 A2 SR A3 = 23
Zdelthsta o mjehst o|n]Ql e }eku Al

73} (02) 958-8474 - 25 1 (02) 958-8470

E-mail : ygeun@hanmail.net

ergy—based device)®]l u}
Ak Al ARE-E= A1

M
rhu

ry

ol 19
°F 1
>

0.

H(Traction injury) Off 2+st A3
A Al HEOl 357 A
Fo] 7| A ofli= o8] 71X 7} Qi) 11 ol A

&
A (traction) e F HEol &

o
2
Iy

o
N
=4

&
1o wr ¢

n

g oo
=

O O{N
_}I_‘
o
ot
ok
o
s
o
i Pﬂi
o 4 O oM
Bt

b
"
i
[
o
>

2
3o
£

A44 4 F A7 1Al (continuous intraoperative

neuromonitoring, CIONM)& ARg-8to] Agst Au} A
01& 3 & A = (electromyography, EMG) %1% (am-
plitude)o] AR Ao R 7FAastHA HAapA el 27| (la-
tency)7t S716ke AoE HolaL, ARbA o g g7
w
=

Z7hrks 2 Qo] Wolx| o]

J

-

A3k &

177



J Clinical Otolaryngol 2018;29:177-181

o)t T3k A7 9] A% A (loss of signal, LOS) 20

9] 3| EAIZo] At 3] AT 35S gRlsfE
S = AEaA A- A

A% A Zo] 7o) & 3] &

ek AT 5 WA, Al HA BEEA Q]

[e)

o

ISk 3588 Bol x| gfet

O
—
o

2

¢

oo X

s

e

Toll A o] Ao Flo s AL 7}
Fo] 922 HoFT, Wt 40N, 2.83MPa
7¥etE W LOS7| Ay steh= A3t
(stress)2} W% E(Strain) @] ATLollA
Y2 49MPa%y, HEE2 314 A
15%%th. E3, o] ATl A 7o} fAlsHAl =
2] 0 2= fAfo] PaE A okghrt’

ol2ol . FZolFRAI A0 AHl7] 243} 29
3 (Clammping), A¥AH(Transection) 2] Z7}-Q} v
WO, AR SATOIHT ZHE W] UL

]

gl‘.
*8
o
=
4
O:

or
o
il

o
=

iy

ol 2orr e e lo
Ffou o ol s
= xR

0%
i)
by 2 o
™ o

o

b4

Bolok ®ah 2484 07 A9l &4kl vis| E417]
£4E Y2 HEolFRAH Y 24 &t v 4
AL, A SAE 2 HEo|FFAA 9 Aol 5
2 A7 99k (epineurium) ™} 417 thEk(perineurium) ol
T &A4o] WE Gl Adrid o2 417 v endoneu-
rium)-& &A% ATE Bk E o E oA A
oAk} QubEAM(Compression injury)e] -9 FA]
AE Fof vl R LA, EF ATl 70% N
o] Frash=d] Al Al7to] Zl A<kl vl3) f2
SHA| BHAl AR, 25, 50, T0%7HA] K Zo] 2H4ssHA|

N

W Z57] F7HEo] A SAT oA B FoI5H
o A Both SAW, A5a T 08 8 5 4
ol folat Hol7h gigitt. FAH0R ARHES

o

Afo] A7) W H719] Wshuct 2 E QEo] o wre)
"oz |3, el 40 Aol FE7]e) F7h
WA 8Ql 5, 2HE Z1%o] WolxA| Hrk: Aue
ngc}

1 9ol 3, 929 HEol A
S Fokah WRES B A7t Qlglon, o

, o] 1ol
He BgHom & 920 Aol Hol ghoki, =
st o 2 o Aol Qe AT, 7t A

o} QFZo) BBl SEAA B o washa, HoRt 417
o] Tk ®sli YoAck. shAIT Foke 41743 13
A oFe AAGE 24514 Aol mol 7] okt
& Al MEBEl= HE7|7Energy device)ol| &Het
AlS
=0

A & Al groFst A9 7] 9 (Energy-based de-

vices, EBDs)7| @3] 2] o]-§-5 o] A7k 4t

st
=<

Z ol AHEH I Yt A7) 75 HEo|FFA A
LA} ARE3E A9, A7) 427 (electrocautery) ]l H]
of A om WE 2ww A 9 gz i, £
S g29ol ¥ Mol astE7] wiof Bl SHAS A
o7 gdefA] QAN HE7|F AA 7 D HAE B
5}7] wito] o] &2 Qg ElEo] $RA1A 9] 4ol HhAYSh
7Fs = EE Qv wEkA SEAYES el Mg
O QbAZH ARE- A7 Y o 71A] AE7|HE Hlalsh=
AT7E =] et

AF7)tE g A& (Thermal injury)s 2L,
40CHE A&k 10T7HA] 9] Al H4=E = A 9] T
23 (strap muscle) 2} F4-8-EL(sternocleidomastoid,
SCM muscle) Atolofl #==(Trrigation) 3+ T, oF 20871
T L] HIE WS AHE A5ttt 60T A

AP Prat A9RE THES] WS} ehht,
W AELN AL 1752900, BES WE o|F
515 2AE7} Uebhth SR 100l Al e
S 749 o w2 Asadle] Lkt 3152 0%
o] Ak Fol= LA gkt w3k 28 At 2
3} 60C ool AT A A4S BT AR E 27
a}2] Wspl EtnE, sEolFRAZAS dél
Florste] 60T 7L A7IAEISHE £ARE 2o 4 g
exets ATE dof, AV 75 AEA A&H 5%
3 AARAE F3) HEIFTEAAY AxTe o
SAHE WSS Wk gAshe Ut As B AL
B3 2 Qlrka ASksigTE”

N
=
N

Fol ALy| 7ol WE Aol e FRUY
152 AR vaste] NPT SBABE] 9)

7]1422}7] (electrotome) 2] QFHH Y #A2]E 3 mm

LA
N

lrt
o

R}
2

Xy
2

178



ool ARlE FiL AMESH= Aol PAE A o= A|Sh
5+%132," Harmonic FocusZ 083t 2] A o)A=
Harmonic Focus®] AHg- FAAEE 1 mm=E AL,
B Z0] S FAE A A 2] vhe] - oF 102 o)/
Zyel| AL, F4-sl touch muscle maneuver 5
OF 227k WZs = Aol HEol TG Y &4
ghed] Bgo] 2 Aoz A¢ksArt.” LigaSure?] 74-$
o= Abg oA AT S 2 mmE ASFs L, Hamonic
Focus®} -F-AFHA|, 22 o] 4o] WZHAIZES F=| 71, touch
muscle maneuvers &8l W& AAFE Aol HE
S 9g 4= gloka shich” THUN-
DERBEATE |3t A@oA= 715AR:S] ok A
25 3 mm O[O R AL, HEol S RAA Y 3
mm ©JW&] 7}71e- A2lefl A 717 ARg-Alofl= 8% oW
2 A3l Aol ebdsittal B wshgiet Y

2T Aol M= oA gt et AE 7]+
A Wk At7E gl M E X129 ¥ist
4 & AH Y 224 HA A A7) a2 7] ARG R
Ligasure®} Harmonic scalpel®] ARg-o] ¢ oF& 51
2L Bt

il

O|FFA £AE 1T

5

it
o

|

i

= A

o o

A= ZE(Stimulation intensity)of] 2tstH A&
A e 5 AAAANE F6 Haol 744

27] 913l Probe & o]-&sto] A=5 Fro] A &

=t o] EF o)A mapping 517] &l 2~3 mA2)

FER AFE Fo] 2 "t siA|uk o] E M7 &}

o] IAFE FA| =o Aol EFE E S U= 2

Qlo® zhgsh 4= Qo' whabd, & 5 ABTAIA

Z

=}
Ao ol WSHE BaAt sheick, 22t Hgol
e o

:
>
1
O
FIN
e
<
>
a=)
=
5
@,
)
5
<
@,
5
Lo

=3
(demyelination) @} F7HFA| 2 (Schwanna cell) 9] A4
(degeneration)©] T2+ =9tk webA] probel] A= 7w
£ 15mA ©J3k& AMSHE o] QP Ao g Byt
MAZEXIEH|(Neuromuscular block agent)@t 2

A1 7382 HA| (Neuromuscular block agent, NMBA)

1

A g F HECIFFAAS Fs] At e S A
A A A AFZSAEA R QIS avtE AR
.

B PEAA G% F AAGA) B LA 9

A7 ZEAHA| 5 SuccinylcholineS ©]-8-3F 9 7] 2]
SR SR ISNA Y oA BEE AIZE Y
T 80% Bl A= AE o T AEAA
SAEY B E FAsHoH, A (vocalis muscle)

o YYD, BEIJ(SRIL, AFD) Hek AgEst

Succinylcholine, 7] §-5F2] Rocuronium(0.6 mg/
kg) T A-&7F2] Rocuronium(0.3 mg/kg)S FU2
=z 2] AtfjX(vocalis muscle)d] 715 A= AZ 2} 1]
gk At7F Qlek. o] Aol A= Succinylcholinet 7]
& 89 Rocuroniume= & 7%, 95% o1/F2] &g
A7) Apeho] o] Fo 3 O AL 5 80% I &
& Bt AI7H succinylcholine¥}t #1-8-%F rocuronium
S F oAl 2 19785, 163202 7]5879] ro-
curonium< <= group®]l 3l -2l51A &l 25 o,
308 W2 baseline 2 3&5E= A7E HYoL) 7
879 rocuroniume & 7-%-ol= 1417k A= 7]
FX 2 B X okghr” SHAINE YAFE 2= succinyl-
choline®l| H]3}| rocuronium®| QFAs}L, oFg 22l &
o]7] wjoll A & FIONM A& Al, Succinyl-
choline& A3}y rocuronium= 44 (titration) 3}

AHg ke 2e F3ska e

(

& & 2dg 4 U= Huliot|(Vocal cord palsy)
S O S} BRIE Al

QPS4 A 5 gl AduteE e 4
QU= % B AARA A O] ] T ot o
Tt Qlek, HBO|FRAAT uFAA] G S
7K 9 TAE WEE £ F AT 2t glck 5
T AFEAM A E F AFolM = FARH &4 A
Fo A= FE7E ol Aot giglent, 24
= FEAANTE frefshAl Ak, A=A 927 S

179



J Clinical Otolaryngol 2018;29:177-181

PFohe AT MR Heby 24 2
20| 80% ol -2} WA e} WEgko] 300 uv <)

A9, AFAA 7} 60% o4 F7HSHA B A9 B0l
FRAA 0 AT o] 2 Q1% 44 5 ATt} by
@ 4 leka Mastgnt.

a9 e

ol At At ol AA7|tol AAE"A] Al
AHEE= probeE HASte] 1 5iE 2 AFoA=

71&2] 417 A1= probe ARERE 799k A E7]Fte] 2
ARERE 7ol Aol Afo 7t §17] wizel o5 &
A ARgShe Al qhdshar aabA gl wivo] E 4= Qlrk
L Ryt O]E]_zz)

S F AMEEE EMG 5HO| 929 BeE &
AFolA= EMG FEE dgf o] 9IA1 Rt €A B
A et Aot IHE HE AFstt 2e 4
TR &7 7IEX| e} vlaLsA] ZFol7E ¢l
U, AR Ee A9E Ao BE ZAE FFo] B
T FYSHA Hadhs 2aE Btk wEbA e S
EMG 729 927} F88hd, 2= 5718 ¢l
o] X Zo] kA W FH 9120 M= 112 sfof
ghotar B ugc

r

o d

[o o

2 8

PAH 4 5 ol 24 F AAWAE 24 3
AT 5 9k FEIFRAAY AL Foln oy
¥ 5 9k B0t o BB APEL wigom 4
&% 2 % 39 shok sk Aol tish 712 AT
Shar ik, thl, o] FRAY] AE 47 A,
Aot} B2 Fo| FBS AGATH: A, o] 4
BollA] S& 5 AARE Wsto] A o 4 glom,
52 AR ANE AIAE Bgo] 48F 4 it
L 5o gARE] Uk A A4 BAE o
SJolA Q1Fe A A AW olg7] e of
U3 SEAYY ANES IO M R BIYA
i BAY S B ARLA] 01§ 5 S A 0R
kgt

BN B0|: 24 F AR RA S - BBl
4% - FRAY

REFERENCES

1) Randolph GW, Dralle H, Abdullah H, Barczynski M, Bel-
lantone R, Brauckhoff M, et al. Electrophysiologic recur-
rent laryngeal nerve monitoring during thyroid and para-
thyroid surgery: international standards guideline statement.
Laryngoscope 2011;121 Suppl 1:S1-16.

2) Duclos A, Lifante JC, Ducarroz S, Soardo P, Colin C, Peix
JL. Influence of intraoperative neuromonitoring on sur-
geons’ technique during thyroidectomy. World J Surg
2011;35(4):773-8.

3) Chiang FY, Lee KW, Chen HC, Chen HY, Lu IC, Kuo WR,
et al. Standardization of intraoperative neuromonitoring of
recurrent laryngeal nerve in thyroid operation. World J Surg
2010;34(2):223-9.

4) Chiang FY, Lu IC, Kuo WR, Lee KW, Chang NC, Wu CW.
The mechanism of recurrent laryngeal nerve injury during
thyroid surgery--the application of intraoperative neuromon-
itoring. Surgery 2008;143(6):743-9.

5) Wu CW, Dionigi G, Sun H, Liu X, Kim HY, Hsiao PJ, et al.
Intraoperative neuromonitoring for the early detection and
prevention of RLN traction injury in thyroid surgery: a por-
cine model. Surgery 2014;155(2):329-39.

6) Lee HY, Cho YG, You JY, Choi BH, Kim JY, Wu CW, et
al. Traction injury of the recurrent laryngeal nerve: Results
of continuous intraoperative neuromonitoring in a swine
model. Head Neck 2016;38(4):582-8.

7) Brauckhoff K, Svendsen OS, Stangeland L, Biermann M,
Aas T, Husby PJA. Injury mechanisms and electromyo-
graphic changes after injury of the recurrent laryngeal nerve:
Experiments in a porcine model. Head Neck 2018;40(2):
274-82.

8) Lamade W, Bechu M, Lauzana E, Kohler P, Klein S, Tuncer
T, et al. The weepy nerve-different sensitivity of left and
right recurrent laryngeal nerves under tensile stress in a
porcine model. Langenbecks Arch Surg 2016;401(7):983-90.

9) Shen WT, Baumbusch MA, Kebebew E, Duh QY. Use of
the electrothermal vessel sealing system versus standard
vessel ligation in thyroidectomy. Asian J Surg 2005;28(2):
86-9.

10) Lin YC, Dionigi G, Randolph GW, Lu IC, Chang PY, Tsai
SY, et al. Electrophysiologic monitoring correlates of recur-
rent laryngeal nerve heat thermal injury in a porcine model.
Laryngoscope 2015;125(8):E283-90.

11) Jiang K, Zhu Y, Zhou G, Ye Y, Xie Q, Yang X, et al. Safe
distance between electrotome and recurrent laryngeal nerve:
an experimental canine model. Int J Clin Exp Med 2015;
8(1):770-5.

12) Wu CW, Chai YJ, Dionigi G, Chiang FY, Liu X, Sun H, et
al. Recurrent laryngeal nerve safety parameters of the Har-
monic Focus during thyroid surgery: Porcine model using
continuous monitoring. Laryngoscope 2015;125(12):2838-45.

180



13) Dionigi G, Chiang FY, Kim HY, Randolph GW, Mangano
A, Chang PY, et al. Safety of LigaSure in recurrent larynge-
al nerve dissection-porcine model using continuous moni-
toring. Laryngoscope 2017;127(7):1724-9.

14) Kwak HY, Dionigi G, Kim D, Lee HY, Son GS, Lee JB,
et al. Thermal injury of the recurrent laryngeal nerve by
THUNDERBEAT during thyroid surgery: findings from
continuous intraoperative neuromonitoring in a porcine
model. J Surg Res 2016;200(1):177-82.

15) Yang X, Cao J, Yan'Y, Liu F, Li T, Han L, et al. Comparison
of the safety of electrotome, Harmonic scalpel, and LigaS-
ure for management of thyroid surgery. Head Neck 2017;
39(6):1078-85.

16) Merrill DR, Bikson M, Jefferys JG. Electrical stimulation
of excitable tissue: design of efficacious and safe protocols.
J Neurosci Methods 2005;141(2):171-98.

17) Li T, Zhou G, Yang Y, Gao ZD, Guo P, Shen ZL, et al. Iden-
tifying a Safe Range of Stimulation Current for Intraoper-
ative Neuromonitoring of the Recurrent Laryngeal Nerve:
Results from a Canine Model. Chin Med J 2016;129(15):
1830-4.

18) Lu IC, Wang HM, Kuo YW, Shich CF, Chiang FY, Wu CW,
et al. Electromyographic study of differential sensitivity to
succinylcholine of the diaphragm, laryngeal and somatic
muscles: a swine model. Kaohsiung J Med Sci 2010;26(12):
640-6.

181

HR2 9| Yy

AlSH

of =20

+= & AE gAof et S=

19) Lu IC, Chang PY, Hsu HT, Tseng KY, Wu CW, Lee KW, et
al. A comparison between succinylcholine and rocuronium
on the recovery profile of the laryngeal muscles during in-
traoperative neuromonitoring of the recurrent laryngeal
nerve: a prospective porcine model. Kaohsiung J Med Sci
2013;29(9):484-7.

20) Puram SV, Chow H, Wu CW, Heaton JT, Kamani D, Gorti
G, et al. Vocal cord paralysis predicted by neural monitor-
ing electrophysiologic changes with recurrent laryngeal
nerve compressive neuropraxic injury in a canine model.
Head Neck 2016;38Suppl 1:E1341-50.

21) Puram SV, Chow H, Wu CW, Heaton JT, Kamani D, Gorti
G, et al. Posterior cricoarytenoid muscle electrophysiolog-
ic changes are predictive of vocal cord paralysis with recur-
rent laryngeal nerve compressive injury in a canine model.
Laryngoscope 2016;126(12):2744-51.

22) Shin SC, Sung ES, Choi SW, Kim SD, Jung DW, Kim SH,
et al. Feasibility and safety of nerve stimulator attachment
to energy-based devices: a porcine model study. Int J Surg
2017;48:155-9.

23) Kim HY, Tufano RP, Randolph G, Barczynski M, Wu CW,
Chiang FY, et al. Impact of positional changes in neural
monitoring endotracheal tube on amplitude and latency of
electromyographic response in monitored thyroid surgery:
Results from the Porcine Experiment. Head Neck 2016;38
Suppl 1:E1004-8.



