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Intraoperative Neuromonitoring
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Intraoperative neuromonitoring (INM) is well known to be useful method to reduce intraoperative complications during
the surgery of nervous system lesions. Evoked potentials are most commonly used among the electrophysiological tests.
Brainstem auditory evoked potentials are for detecting the problems along the auditory pathways including the eighth
cranial nerve and brainstem. Somatosensory evoked potentials are applied for preventing the spinal cord lesions. The
INM is affected by many factors. In order to perform an optimal INM, the confounding factors including technical,
anesthetical, and individual factors should be kept well under control. INM has frequent electrophysiologic changes
during the surgery and it might be helpful to keep one’s eyes on which monitoring modalities are reluctant to change
during each operation. The skillful monitoring and timely interpretation of electrophysiologic changes can drive the
patient to be undergone surgery, even in high surgical risk group.

Key Words: Intraoperative monitoring, Brainstem auditory evoked potentials, Somatosensory evoked potentials, Elec-
troencephalography, Electromyography, Nerve conduction study
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Table 1. Drug effects on sensory and motor-evoked potentials

TCD EEG SSEP BAEP MEP

CBF Amp Lat Amp Lat Amp Lat Amp MG
General anesthetics
Volatile anesthetics 1 I 1 D I N 1 D N
Nitrous oxide 1 I N D N N 1 D N
Barbiturate D I (frontal spindle) 1 D I (high) D D D N
Propofol D I (frontal slowing) 1 D I (high) D D D N
Ketamine I I (frontal theta) N I N N N N N
Etomidate D I (frontal alpha) I D I D I N N
Adjunctive agents
Benzodiazepines D I (frontal slowing) 1 D N N D D N
Narcotics D 1 (diffuse slowing) 1 D N N N N N
Deploarizing ? N N N N N loss loss loss
Nondepolarizing ? N N N N N loss loss loss

I; increased, D; decreased, N; no change
29 7)°544%(functional surgery), 423 9 7€}k
2 s 4 YUtH(Table 1), FEE= HudE g H(sup—
ratentorial lesion), T2} H(posterior fossa lesion),

=¥ (spinal lesion) ¥ 7]E}2 U=t}
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b, b o R FelutAle] FEE MACE 0.5~0.7
@ §A3} EMGE} HaHe-E 85 M 9] (compound

motor action potentials: CMAP)ZS 7]2’5‘]"— MEP% A7
SRR Aol destns 541

romuscular blocker)E 7153t 3t AF&3}4 %1;5 Zlo] 2
Q31cth "2 A] train—of—four (TOF)S ZHo]k 2 0|4}t
2 Sx|8joF AATF EMG 7%—2— o 4= Qloh, Est AE

< MEP ¥hg A2 & F3A|9 lzt]opAd, o Enjg|o]
=3 H}-H]EE—“O]E g T2 ZEO MEP v THAA]

71t} AAZ AA| WMol (total intravenous anesthe—
sia: TIVA)E 3o o] 22 o] JaFS 4013t H9-ofl=
MEP ZHAE 400 VO] WFEASS F20| 92904 5T

% gk’

TR A2y B2 LA FAEOF F2 HSHA
= 3} 2 9Jth. HlLo] 357 o|5H EEG ZHA|o] 1 & V—i

5G A1 At
. f@i"%“—"ﬂk\ﬂ'o] 60
2= Pa0y7} 50~
60 mmHg F|9FYd 79 Z7]oll= a7t &3t 1 &
Aozt et oS AT A9 Aol HAlZ2e] A
718=0] 7|12 ER| ok=r}(electrical cerebral silence).
PaC0; 2] o b AuhE Yetfal PaCO,9] S7F=
Hip 5o S7HE 4o HE Sk Hat 2E
oh A1E W byl wr,

T 5 ASHANA mhEel Tt Fod e ot
=1 g}, AR e F 23 A7lde iEE 9485t
Al AR, 24, Hapt wE 99 0] Sk 2 vk
F=, HE[RYo|E ofA| 9 opitaba et T Qlet Al
A, 318 o] S7tE= Aol obHGAAIY, T
o] v R o|EAA|, HixctololA|HAA L] AHE-S 56
L Ao 2o} A, utHAe] Horsl 58-S A 1E st
WA BAIE Tk A, MEP EL EMGA) 19 24
Aol HiztjolAld W A IAAA o] AFE-S Eelst
1, TOF® Brlsic}.
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TIN5 WA 9 (transcranial motor evoked po—
tentials: TerMEP)7} 9t} EMGE: AARAQ] QHAALE)
EMGE} -8 24 LA = (sponatenous EMG) &} &4t

oA =FE UREFAEE AFste] 71E5h= 44
TR =(triggered EMG)E ©|8Rtth. NCS= AN} 2
o] A THYF A= T 3 Z8ofA CMAPE 7|2
AAL &2 w29 742
X174 9]l Al CNAP (compound nerve action potentials:
CNAP)E 7|58 = Qloh, Ztz}ol tisiA] AAl|s] A EH
o5 2

gt 4= Q) AAIAT 2o 7zt

1) =mHEA

o ALE B O BeE W ET} HES Eae
= 474 o]Ar9] differential montage® F3—-C3, C3—
P3, F4—C4, C4-P4S ALE3H= o] F—0 A-F v 7]
S v sk 4= 9lo] £t} Band pass+ 0.5~30 Hz=Z 3}
7123 B9 302 A& 4 ok X gyt
compressed spectral arrayS 0|83 = Q)
o mefol @ de et 2k, (1) 7l2HTe)
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A o|-8), (2) AW 7I1EHF F(Foj= 47 o4,
(3) AHe A S(Hol= 47 ol4ke] AL ALgelo] 16
g vk Eoh, (4) A9 s, dEH, 8AEGE,
AA7E dastet, i ddox 25 o] /o] MaE=
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Table 2. Anatomic generators of brainstem auditory evoked potentials

Wave Generator Functional indication

1 Auditory nerve Cochlea and VIII nerve intact

1I Cochlear nucleus Stimulus received; relayed to contralateral nucleus
1 Pons Signal received from ipsi- and contralateral nucleus
v Mesencephalon Signal received from ipsi- and contralateral pons

I-1IT latency
III-V latency

Cochlea and nerve function

Brainstem function

Table 3. Components and generators in SEP

Components

median SEP posterior tibial Mechanism Generator
SEP
EP PP propagation peripheral
N13 LP Stationary cord
P14 P31 far-field lemiscus
N18 N34 far-field thalamus
N20 P37 near-field primary somatosenosry area

EP; Erb’s potential, LP; lumbar potentials

2 A7) gAML IS 1~30 Ha2 31 Ao] 23,
ZERHZZ o83 233 A= B Hs A= (needle
electrode) ©|-§3h= Zo] Frt. EZ FE7|E5 A
TPACA=9 dol= ZA) AAIA ey Adk(an-
A7 sh= o] T3tttk 2y 2=
EE= H7]AZHelectrocautery) ol &gt FutE $HA3] A
A= gt dutrgo g A7 = 7|AF =345}
u 17 olAs o8 ST BA e A Bels
A wet, weba Hute] Wss BE Aol BET 714}
ol olEaiA) Hu) olelgt Wk wEAY oS o
Asp] o8 ARHR YuAsE uy sHEYeR W
¢tsto] S| AETIHES Fofl Elsk= compressed spec—
tral array = density spectral arrayS AR %
SIet. SYAIE W} e AMEY o o)Fehs S
29 4 olrk, e ATHES AR 9l 15w
48 9 AT WYo 5 AFTLLR AT BE

S glong wiEA A4 Hukat 23S 3l
B 05}

tenna effect) S

o g

A r:i

il

A}

=
b

o

And
N
Zlo

ol
=

2) ZEhES
AAR oA ARgSh= MW E o] &5 S e @
F&r Hokel Mo gt 12415 (high intensity tran—
sient signal: HITS)E &QIg 4= It} &9 Hels &
of HEF daE dHportolA dElE 4= Jlem, HITS

= =
oA 11 WLgFo] mEujof] AFT 4= A A Ao)of
of gttt 53] mejulof hgHor = Ao| ¢
Z93)th 2% 7ol 40~50 mm AER k1, ZH8H
(sample volume)-& 10 mm’& it} o] gaix5 A
Ak & 7|27t e € 58 ST F ASHLR
dREES g Y SV RS AAlse] HERE vtef
St W32 10~20 msec?] -2 7]7F

st E3F AAIF AlE
of FHHET}F ZFst As 7t veft=A] Elste] vl
o] WrAsk=A] ThetsiAl "t o] Als = Folk 100
msec "|qto|1L, FETE 3~9 dB LR 7FelA YER
o, gz} 2o JdAS veko 2 Ve, UrES E
ol 28E yepdch, B2 g9 vy, d7]4a%k
7] 5ol olgt fute} 7Hdo] "asict Fuk= A7) ok
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3) 2R (auditory evoked potentials)

AT EAS s HRolv fE7]e Wabh A2 10
msec | 2] short latency AEPE o]-&3tc} HAA=S
A Y] ez H k= Qo] of AFYSl= tubal insert
phoned ©|-83slo] reAlofof| WB|EA] kA sk, A=
o] FAL wWsH$(alternating polarity) 2 &9,

A HAA A AAE AZER}=EL 2F 100 dB peSPL—J click
S F31 HiZ o) Wa)-S(masking sound)S FT},
% 3 Bl AARE AL A2 ASS VIS oRE shal F
(vertex) F-9lol]l A3t Cz AFS SsH=o= 5fof
gL 7125, w1, 11 ¥ VE AR 7wk
B4 Fo= 28 A, AARIHE W S =
o= FF2H(posterior fossa) ol o] & 4= T}
R FE7ATY U peoAe o] &S 4 k.
& 53 lnPJOﬂ g Ee 01&‘ **EH?? SR A5 Y

o_>|“_, Ogr, E]lO

W Foel 55 BAF vA
4 aick igel 42 505 o) 4
1 msec oA} A=

Sl A SAl & 2

A7AFE F2 A 45417 (median nerve) 3t 514
% 7

2= ZHZ3 Al (posterior tibial nerve)S ©]-&3}H,
g wa, AUTEE U PANIS 9L 5 Yws

th 7= s e A dAA 2" S
= Az] oA 25% Z7}E ZER 15~25 mA
Az A= F11, A= W= 5.1 HzE2 0.2 msec?)
square wave pulse A=< 7I8it) 7|5 AFEL Y4
Al A &3] A= 9 mm A9 HAAF AS5S =Y
A%xl—oﬂ}qh g2 eFg Aol Al
Apgebe Befele, 2
Ag

=2 3|
AskiaE 0 9AHYE B 4 AES
2 %

oz ‘:‘il—— 2~ O]O

7] 9%

AUAER S,
Cz’, C4)oA FpzE Hadso= 7|E3ich, e
5 KQ o|5l2 G-A8l|ok 311, band pass+= 30~ 300 HzZ
shal, 715 717k 45417 SEP+= 50 msec, $7&417
SEPE 100 msec®Z 3}, HH#3H= 3003 o]st= 3t}
T2 ZHA 7155 JF5A7 SEP= witH 249
N20, 3735417 SEP+= F%olA 7155 P40 339

Wl

ol
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S &2 AT ZHE 2 (dorsal columnar—medical lem—
niscal pathway)o] o4Fo] AT A AET} =]
oS T 4 Ik, Aol 50% o]4F T AW
7171 10% ol A=W HiE shal, ZlEo] 90%

)

Wask AR 10% ol QPR Sud

AE olgshs HgEut
A, HIAY AFEE A e, SEE EF F ol
et &, A4 2, dE, dB7|F, tethered cord

syndrome, 2y ful ) L o
AlE, NS A3ade) 24E L B Sl

AR of| whe} FI7) 9(transcranial), Z3(trans—
translumbar) oA HARE 4= 9lom k]
5 A2 (direct cortical), Z4(direct spinal) A= 7
AFGE 4= 9Ie, E3F 245 GFAol wret 47 (magnetic)
+ A7 (electrica) A=& & = e}, 7| S A= A4
o AR Yol A D-waved 71Z5He AR}y 7|2
Hol qlom, HwxAIZA CNAPE 7]E35H= neuro—
genic MEP (nMEP)2} A}5HA] kit ZL8-0|A CMAPS
71&3}= myogenic MEP (mMEP)”7} 12 4 It}
o|2|3k MEP ZHAl= 1980} Sof Wol o]-&35}17] A&}
=T, 27]0lli= Owen F(1991)0] 7HUgE 7% 5= F9foll A
A71A=2 F701 €9 (popliteal fossa)ollA] 7]Fsh= "
H(transcervical electrical neurogenic motor evoked
potentials: TCe nMEP) 0.2 HZEpoA SEAAAS
ZAB = Rk’ ey 828 F9E uke] 259
RIS FuloA A= 7h8kaL ARIeF shA] o] AR

: L
cervical ==

o] K
45 = A7IHAZ(abductor digiti quinti, ADQ), &4
Z+L(tibialis anterior, TA), YXHAHZ(abductor hal—

lucis, AH)oA] 4 cm A= HojZ &
& CMAPZE 7]|Z3}= " (transcranial electrical myo—
genic MEP: Tcre mMEP)& 714+ tho] o] &3t}

Tere mMEPOA A7|A =& e XL =¥ C1/C2
91719] 1.5~2 cm Ao] LAV E matd 43S B9
Al Fth B Czoll =4 A= AL, C3/400 354

MRS A AR
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200 msec

e

4034

1wV

10 msec

AT ik INM 71710 A5717) gl o (3]
(o], Digitimer constant—voltage stimulator)& AR5}
71% %t} 5 Hz AE9 WHEX}Z(repetitive stimula—
tion)& o] &sh=tl, 1 olfr= A7 A7 A=ollA 1
Hz 0)gke] 4TS WAe] FRAS oIt 5 He o]}
of ATHE FHAE S Ao LeiA ol B2
X 3 Q1] SJSH BE Aol astel 5 H Al
432 ol g3ttt w5 Hz %] WAl square—
wave, monophasic, anodal, constant—current elec—
trical pulseE 50~200 gs9] 7WHHA 7]7Hindividual
pulse duration), 2~4 msec®] A}=7t 7FA(interpulse
interval) @2 57 A= AHKA R FHh AAF AEe
100 VoA 50 VA HAx}A o7 Z7)ste] Zof 700~1,000
V Az9] 3FHUA R}ZE(constant voltage)S FHA]
ADQ T+= AHO| CMAP7} 20 ¢V oo = 7|52 & &=
ZeE S A%} 712 717F2 100 msec, bandpass+
100~5,000 HzZ gt} MEP 212 peak—to—peak® 3t
o A3 FEot FANAE AR B4 A4TH, B
A7F $HY 4 YOBE 5T T Hae) AIFES A
gk}, Tore mMEPSIA o) wsto] dfat 7| EeR A%
A%, A7l B mEslES Az 4 oo 1801
© 8 mMEPQ] XE 50% EE 80% oA 14’ B HE
719] 10% ol Z715 Sole WslE Ref, JA7lEL §
° w5 7] SABIA 100 V] Z71h Bask A o)y
o2 B % otk WYIES AGIA gom, Ak
2 g7 oo o83t} Y MEPE
&

3 9 HAesd, TG EX o5y 299

g S E_ E_"" J2Uu\.’

200 msec

Figure 1. EMG monitoring. (A) Free-
running EMG shows phasic activities in
trace 1, 2, and 3. (B) Free-running EMG
reveals tonic discharges in trace 1 and 4.
(C) Triggered EMG demonstrates well
evoked EMG activities (white arrow)
after stimulation artifacts (black arrow).

= ARSI olgith ! Eak Bo) a4, HAu (SR
Sushy, € 92 5o Ralge] Buss|E YAy

1.5% olatoll A vrepdet

AeHAl 5 HAF O o AHE W
EMG HAIE gty o5 5 A3E4 3]
L5 A 9 (motor unit potentials: MUP)E 7|53}
HH (spontaneous EMG monitoring, Figure 1A, 1B)X
Y A WA A7) o)4o] glizAl skl

A

2
=
(*]
ol
-

HH (triggered EMG monitoring, Figure 1C)¢] 3l
o}, dHEAQl EMG Whg-2 sdt%9] 1~2% H=9 L4
o RS 71 F3It) o & 59 TA= 270,00071 €]
AR =l 5 18~34709] A FollA EAY S
952 7|28474 €} Band pass2E 10~3 KHzE o]

sl Q7 EL 100~50 mV/divE $ct ZAPEE EMG
& AAA YA WS (phasic activity)2lt X524 71
H3}(tonic activity) 7} = 4= Utk 9144 ¥gh=
burst® UEPH=E] AAEL A AL, B71AL, o
BE(fluid irrigation) A] TEEM, short asynchron-—
uous polyphasic wave FE|E UEFHLH(Fig. 1). &
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Table 4. Nerve roots and muscles most commonly used during EMG monitoring

Nerve Muscle
Brainstem
Cranial nerves CN 111, 1V, VI Ocular muscles
CN V Masseter
CN VII Obicularis oculi, oris, mentalis, temporalis
CN IX Pharyngeal muscles
CN X Vocal cords
CN XI Trapezius, sternocleidomastoid
CN XII Tongue
Spinal cord
Cervical C2-4 Trapezoids, sternocleidomastoid
C5, 6 Biceps, deltoid
ce, 7 Flexor carpi radialis
Thoracic C8-T1 Adductor pollicis
T2-6 Specific intercostals
T5-12 Specific area rectus abdominus
Lumbar L2 Adductor longus
L2-4 Vastus medialis
Sacral L4-S1 Tibialis anterior
L5-S1 Peroneus longus
S1-2 Gastrocnemius
S2-4 Anal sphincter

Table 5. Disease categories in monitoring

Category Disease

Vascular disease carotid stenosis, cerebral aneurysm, aortic aneurysm
Oncology brain, brainstem, cerebellopontine angle tumor
Functional surgery epilepsy, hemifacial spasm, spastic paraparesis
Spinal disease scoliosis, degenerative disease, tumor

= A~ [e]
WAk 7 5 lolA HIERIY 25012 (nondepl -
oarizing muscle relaxant, rorcuronium, vecuronium,

atracuronium) ] Ao Folof k.
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S| ugt 7R A YA (constant voltage) T
= 1A= A (constant current) &2 4], =4 (mono—
polar) = F=/d(bipolar) A= & A A A&
U AAAAE oA HAAES A= o Y
4 1~2 V =54 A=S ARgRT

7184 ARk 452 A13,4,6%]417 o] AufE
= QJotE, A5XAI A [TAE(temporalis), 7lEL(mas—
seter)], A7xA1A[o]u}Z(frontalis), =g (orbicul—
aris oculi), YEYZ(orbicularis oris), E&L(men—
talis)], A9EAA[AT7 ZLS(soft palate muscle)], A
10X A A AN &5-(vocal cord muscle)], A11¥AIH[&

2-8-EZL(sternocleidomastoid muscle), SA|EL(tra—
pezius)], A12¥ 4178 (tongue)]o] st F52 4
As| o] g3ttt AR g 7FA 9] (supraspinatus), ©]
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A EZ(deltoid), HEFZHZ(biceps brachii), YT
Az L(triceps brachii), @&&4&EH3S]I(flexor carpi
radialis), Zr-2A X HZZL(abductor pollicis brevis), Al
718" Z(abductor digiti quinti) 5& ©|-&3}3, A<
O 7 oF& U 0 d(vastus medialis), ¥7+L(tibialis an—
terior), AT X ZL(medial gastrocnemius) 5= ©|&
S}, Mo AATT PABE 28RS T 49 Vo

NBATE HFATL ol8ato] 71%7|B M rete-
rence recording; cathode) I|3}o]] YX|A]7|2L 4 cm
oz EQjof &A7]|ZHF(active recording: anode)S
AN, AAGAAE o SOl FEAlokellA HolX]|
U= TE Tl HAEe YAE Fdsh] ffstod
triggered EMGE 3to] ¢HHAIZ 9IXE &It} E3F
FT&= AAsHEA triggered EMGE SAl0 o224 4
& 5 ohdue] WS £Y 4 ok ALY S(instru—
mentation)S dh= FLof FFR|E=2o)A] spontaneous
EMGE & = Ut} W pedicle screw?} Al ol &4
S 2u 2& T AZD WEol WA & gonz
triggered EMG (pedicle screw® 2|3 7|2 E 51
SHAE2] EMG activityE EQIgtch, ASkA] 5ofA
Triggered EMG &40] 10 pedicle screw”} A3}
A SIS ok 2 4 ek, gk 24 S geh] @
AN ZAE WA stol AHH T AAeE
(selective posterior rhizotomy)2 17| ¢5te] SX(do—
rsal root)o]l H7|A}=38te] skR||A TEEH EMG acti—
vity7h A3 %] WehE 5t 87kA] LedebAL
529 T H4F(spinal cord level) o]AF Holzl 8-
o M= = A7 axH(dorsal rootlet)S AA|SHA
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Figure 2. Lateral spread response in hemifacial spasm. (A) Baseline triggered EMG demonstrates that
stimulation on zygomatic branch of facial nerve evokes EMG responses of frontalis, orbicularis oculi and
mentalis. Especially the responses of mentalis indicated lateral spread response (B) After microvascular
decompression of facial nerve, the lateral spread response of mentalis disappears.
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Figure 3. Localization of central sulcus. The cortical potentials are recorded on subdural electrode by
median nerve stimulation. (A) Phase reversal of cortical waves between trace 4 and trace 5 is observed
around 20 msec (arrow). TRC: trace, vertical scale: 5 uV, time base: 100 msec. (B) The photography shows
subdural strip electrode (1x8) on the exposed cortical areas. (C) Schematic drawing shows the electrode
relation to the central sulcus. There is central sulcus between electrode 4 (E4) and electrode 5 (E5). 1, 3a,

3b, 4 mean Broadmann area 1,3a, 3b, and 4.
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