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What anesthesiologists ask to know and
should know about the neuromuscular
monitoring: an updated review
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Hospital, Inje University College of Medicine, Seoul, Korea

The increase in mortality and morbidity associated with the use of
muscle relaxants, is associated with a lack of clinical pharmacological
knowledge of the drugs, and a lack of understanding the risk of
postoperative residual curarization. This is due to the absence of
standards for neuromuscular monitoring. Clinicians experienced in
neuromuscular monitoring and using muscle relaxants in the clinic
may have some queries regarding the monitoring: Why should
neuromuscular monitoring be done? Are clinical tests really not
effective? Why is it not good when | actually perform neuromuscular
monitoring? Would using sugammadex not require neuromuscular
monitoring? This review answers most of the questions that many
clinicians have, and also forwards the knowledge required of
clinicians. (Anesth Pain Med 2017; 12: 1-8)

Key Words: Acceleromyography, Muscle relaxation, Neuromuscular
monitoring, Postoperative residual curarization,
Sugammadex, Train-of-four.

Received: November 21, 2016.
Revised: November 22, 2016.
Accepted: November 23, 2016.

Corresponding author: Sangseok Lee, M.D., Department of Anesthesiology
and Pain Medicine, Sanggye Paik Hospital, Inje University College of
Medicine, 1342, Dongil-ro, Nowon-gu, Seoul 01757, Korea. Tel:
82-2-950-1171, Fax: 82-2-950-1323, E-mail: s2248@paik.ac.kr

This is an Open Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

M

iy

AR dotulglrt AFRIES AdE v A 7]
© FHoE TolgAl(curare)E A Fog Agelgiedl,
oldl IS M R "HRES EIA EHAA
gt 194243 Griffithe} Johnson°] 7‘3 AF curare FEES

el Eqiste] 7P niHE 5 WA S e
A = ddvka Harskgla, o] —’T‘%%/] Fe 24 A
-2 tubocurarine S &, o]l HUH TolgAl A
(prototype)o] FTH1]. Zo|gkA|S] AL flFgolA T
AeHE ALsA | el Wgrte dd dilew o9

oA &Ad] & wl(balanced anesthesia; T2]4], A&
A%, Zolhe FAtHe 94 ezv} Hgidh olsbAlel
Agol GutstElw A olgl FAH FALEE FTReH] Al
Z+slich. 19541 Beecher®t Todd [2]+ H]|= Massachusetts
Zo] oy Z3HYellA 108d7F A w29} Fo] o
B AR Aol i wAe WELE, vie
A A Foll Al Lol ghAI7E A-EH
(minor surgery)®] 74-%- 28, ] 4% (major surgery)e] 7ol
L 6ol ol4e = ARES grbw BasmA olg
Alel @R Agol Befol Qo5 Ho] AFH7)
AlsEgdel. Christie S[3] Tol$HAIZE AH&% hAtellA

r&i‘

Brelle & %

T4 ¥ A%H FIF(prolonged apnea) AH#l7} F7lsbe
e B 7] L9 44 4 At ge 34

/‘P%ﬁi S&ZMW Tx AR A5719 28l FRskch
1971 Ali 5{4]e] FolghA| 27 &Fke] FHQ
OEH b0 2 21=1)(TOF-ratio, train-of-four ratio)S ©]-&-8}F
= WS AR, 714 ZFh(baseline value)o] HQ3}A]
Oy =4 slsaloz Agsle] oxd AAZ A F
Zudl o 2 AxE 9},

Lol ghAle] ARGl whE A (mortality)¥  ©]3HE (mor-
bidity)®] S7he ZolskAloll w3k 1 okelgA Q] A4 F



2 Anesth Pain Med Vol. 12, No. 1, 2017

Injection of PTC-stimulation Neostigmine
NMBA during deep block
JIAL g L gy llll// I ‘ ‘ | I /Ay JJ—//l[L// JJL//“L// // Fig. 1. The change over time in the levels
\ N I\ J\ )\ J of block after administration of intubating
Lovel of block Ot i Ybl ) beon biock  Moderate block " dose of non-depolarizing neuromuscular
evel o oCl nse ntense bloci ee oCl loderate blocl ecove .
Response to TOF TOF-count >1 TOF-count 0 TOF—%ountO TOF-count 1-3 TOF-rat% blocking drug (Adapted from Fuchs-Buder
Response to PTC T. Sugammadex: clinical development
PTCO PTC >1 . ;

and practical use. Korean J Anesthesiol.
2013; 65: 495-500). NMBA: neuromu-
Sugammadex 16 mg/kg 2 mg/kg scular blocking agent, PTC: post-tetanic

counts, TOF: train-of-four.
3 € T AF Fol(postoperative residual curarization, < B3dh &, @AE ZHe] vl chekdt ubSe] Xolrh &
PORC)®| el Jg4el v old] 2% aelw, A4 Audeh webd FFHA FdEhe A A
Aol i3k o]l AR =] UA kel ZIQlIgke 14 o= didsiAe b =Hm ABH FATE s E ook

oA TolgAlE Agsn AAT AAE M A¥el A ¥ Fzsisieh

£ uhiztel A olsh Bastel 9 A Aol g A Yol AAT AL F2 FEHE 2 ), 2
olth. AR A= 9 @k stk A AAEES B olgkA|e] Wl AZhE #lsly] fsiAelx, Al TE F
iz w8k ART AAE AAZ B w) A Zol% ZolF Helshy] SAsiAeln, Ao R % ol

A %e olfv Feldrk Fr7lubel(sugammadex)E A
fslm AR A7 e gA 27 o] BElie B
dAe) A Eo] THA L gl olEet FAHES dHEe FA
off Hk=A] ofol & Yl§-& thFaL 9lrk

NZAZ N0 o] ORI BRIA
Moz 235 U ojoF & A

FolghAlel A Ag-L 1942 Griffithe} Johnsonoll 2]
Aoz aM=At 2y, AFZ A I A=
w9 #-& Holrh1,5]. 19959 A Wik 2%l 2HE AA
< AAelAE R 3] 2%ollA AR Lol kAl EAt
] < 09) HIEE HAAR, 20040l ZANAE 60% 2
s, AR Zolghe]l 3% SHoE Al
Baillard S[5]% FHF ZolhS #&A7I7] A3l AHE 7
A9} Al Foizt ey Fauiglek. Lol kAl oF
QeSS & oy gom <AdAe ATA FAL g
A EE7H o] Egoll gt dEe Kaz Fl6]9 ATE
SlA & 5 Ak 2= 10082 Aol Al d-tubocurarine

s WA, 78 A g A &
o] Foiglole Bl shs] Fo|sto]l wAIYAL 6

Wl #AH Ae Tolso] §EHA ¢S Ftidel WS

gl

)
El

M
X

-

¢

=

sol AgAL WAl fetel 387 BT Hrle]
Ao thFig. 1). 5, vhAEre Fash) oA g
ARe selels ARl Kb §3e Adele, 27 *
olsto] RIEA BRIy flelo] Med AHold. AT}
WA HEEE B AA% A 3F) 34 A%

A7 Fesich ool #71 A T Al
LA, AR, $49), 259 A% wE £ 59 4P
Wyo Tolghe] 8L Ao BRellet. ol 5
W7, Wel 570, 2 At 4, bl 57 59 94HQ
WSS Agsgent ol Awdeld Foa A4
A7k 2 kol AAl Tolgk AES YXHA ke AST

Soll ozt THAL] W3 7= HhAK(gag reflex) & %Al
gFe}7,8]. Pancuronium@}t 72 ZH-&-A|7ke] 71 FolgkA|] A
&2 7€ AR Zolg JIE(TOF < 0ol =shA Fst
< 39 WIETE ¥ o, o8} ddtele] & F o P
5o MARIEES FoeiA ST Aoz HauEgi

e A

[9]. &} atracuriume|t} vecuroniumZ< F7FA| AL

ONFAE ALSAR NHAGIA AF Tolghe ulwH 1l
el A, ot BAelA BRE G wak of

Yzl € 3 o S dddbe] ik, 10].
71E QAo ol AR To|ske] MAEL 9-40%E T+



0| A4 : Updated review of NM-monitoring 3

N

o|ghA|e]l ZEF9t TOF 71F Soll wt thd Zo|7} gt
[11,12]. A 71Eis Adste 4

dAsty] Y5 HAE X7}
ArollA] olw] urslA Slrh13). % 3
A717) e T Foll AR TAE s A
7184 woln] 2ZoAE A wdo] 714 £
W o]t 14,15].

TR Tolge 94 AWk 94 Adudes ¥AY
4 gt

¢

Ol

v B A EL AT 2
A4+ @*}‘ﬁ(ehmcal tests)oll YAZ o2 9
QUrH16]. ZolgtollA] I EE Qe FARA F
Zolgto] glke SARA A} & =AY, TE
Bty FEsiAY, F23 93] a5dFs EFskeA
o3 Aggtel e ol#d AAUES Zolgk
Fat7loll A slAl okeh17]. w3k kA7t o] dk
= SHH3] sl X o wiFHAAE AL
_9‘,_]. /KLF/HO]X] X]ZJz-“v,] B_J,}-O]X] \I],QJ——‘—] ?—H s
Hhwof] w2 3AEL FF Folske] J|Fel T
NSIE BT olAR WAL AFHoE
= A5 ArH18]. ARl AdLa=1]7tE 0500 3l
Al E Bl 527 #eEl £7] HAES
U ATE dehel, ol BARES 94 A4
E-o] E(specificity)= == Wb, "7HE(sensitivity)=
o] gom, koS %‘304]" P w2 e 9

Tst7] fsA

0 1
of '+
‘g 2
L Io
HU
oo
rlo
=t
l
L
e
o
45l
N
N
o,

°

N
ol I"{N

N

rE o
|

o|

ey

A o 0 > duodo 2 oo

oy
=
2

e ok
ir
oX,

2 1% oE o oft N Of M O A fob oft it &L o N
i ot ob o9

ki
ript
>
o
et
N
_“H
]:o
-
R
vl
r
Zi
i
i
=
i)
>
R

4R s BAE S+ plenz 94

"o ‘| HL 2T
9 el 4udel FRE AT & Yk 9A Fuz
sElAstolul, of AAZE A ¢d AAT FAZ

A = glck

S ARH AATL opd FRH HAAE FEIe AT
= AdEATE PS5 ol 24 (fade)iH-5-& A (tactile)s} 7]
W A1ZA o2 B-A(visual detection)$F o2 A Lo]2S
Arkste ZASolth o] AgoE FEI AEE A g4
gAzA 05 23] AdEASHE FESHA ke &
& ATH19]. o] FHZEA=(double-burst-stimulation, DBS)<
ZT Zolgkdll gt 3 HutE FAAAT7] HA ¢
/R]-oﬂ t:ollz‘,lo—lq_[zo] o] 74/{],%4],9_ L= 1;L] o] XRQ_ 7]-754/\4 ;(].
=60 ms, 50 Hz, 750 ms interva) 2.2 AT o] 9=,
Y odZ A= (single twitch stimulation) .t} ¥ 7g &9
FEE s wekd, v 29 4 (fade)BdE Hel
o2 A7} 455 ARG 23, Drenck 512119 <A

.|.4

Jol 4l 28517 Eeh olf F el
T S AT 25 A
gt QA b

S A A AR A gk A4 9] ﬁ’c?]—:‘;'— EL
st A 2ok B Y HAAHe] ZFojol & =27 A
3% (accuracy)®} A W E(precision)o] ], o] FIIAE FAll
mrEof st kel 3 EAFTE 7Y F Yo

oF ¥} ™ (accuracy) Al HFEAQ ZHAZETY FAL}
=olol Bhrh(precision =+ reproducibility). AT ZAE

Tl wf o] A=Y AUEE Hojms Y2 D
An)e] AAGetup)d} A H9e] A (fixation), 2) REA
(calibration) &2}, 3) ZH N4 A= (supramaximal stimulation),
4) A 7919 A Fo] ANE o] Fo XA ¢kgka wie]
th23].

Aule] 44 HAIA Mg Fed ede HAY AF
o 19 24 R9ls FRe| nAeke Aol AR 7
A 9% Ag ATl Al ot ula AT 47
T2 olgehe BAl wWol Awbdez AAE HAd
AgeI Gt S-AsHeAgACh E3Ee] 199 AT
Agela gieh AFE A ) S8 A 4% Aol
R A el ol Y slelk oA 43

3¢ B4 $F Aol A2 W 9% A
5+ =

%L =
o QARSEY £ES AN Pelel 4F ARE A

= A (polarity)el] <]t
Ek Brull T[24]-°4 °é o oJsh Y9 F(distal) ATl =
(negative)e] AZAFANE W) M ATE oA Aoz ¥
Asdvh AFE AL W) FAY A shbe THE

A AFHA GEF AAAAE Aeleh o] Bfele v
B Zo|dAES ALE W EAHoz uals)
(fade)d o] YEhA] ki whgo] a5 ofslul
& Tl AAUNAE whgol &AHA k3 ofd

T



4 Anesth Pain Med Vol. 12, No. 1, 2017

900 - Plateau

8251 //
750 ==

675 Supramaximal stimulation
600 - (30 mA)

525
450
3754
300 -
225
150
751 . Threshold

10 20 30 40 50 60
Current (mA)

Stimulatory response

Fig. 2. Supramaximal stimulation. Neuromuscular response increases with
increasing current. Here, 30 mA marks the threshold to supramaximal sti-
mulation. Typically, the supramaximal current is deduced by adding 10-
20% to the maximum current.
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Fig. 3. Difference of individual muscle’'s sensitivity to neuromuscular
blockade drugs, which cause to make a different sensitivity between
diaphragm and adductor pollicis muscle. The onset and recovery of
muscle relaxation is faster in diaphragm.
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2) http://www.asahq.org/~/media/Sites/ ASAHQ/Files/Public/Resources/standards-
guidelines/standards-for-basic-anesthetic-monitoring. pdf
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