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Updates in Intraoperative Neurophysiological Monitoring

Keewon Kim, MD, MS

Department of Rehabilitation Medicine, Seoul National University College of Medicine, Seoul, Korea

Recently, intraoperative neurophysiological monitoring (IONM) is gaining more attention and widening clinical application. In this
lecture, the author reviews brief history, basic principles, and applications of IONM. Furthermore, recent updates in technology and

physiology related to IONM will be discussed.

Key Words: Intraoperative neurophysiologic monitoring; Evoked potential; Electromyography

Introduction

1. Designation

I 5 2174488 ZHA(Intraoperative neurophysiological

monitoring)= 4% % AA7Ae] LA Bk AP
= 5o, A vk o7t ExjEo] ARgH AL Atk &
3] T ollA+= EP (evoked potential) monitoring® |2}l &
2]7|%= )3l evoked potentialo] 23+ A F shfolLt,
o]@]el% electromyography (EMG) & electrocorticography
(ECOG) 5 theFet S4mo] 3| 2x0)7] wiizol] 218
AL ot = 5 AR E I e B U

Sk HPHES X 3817] wiitoll intraoperative neurophysiology

(ION), neurophysiologic intraoperative monitoring (NIOM),
intraoperative monitoring (IOM), intraoperative neuromoni-
toring (INM) 502 H-5 = gt} 3ol w2}, 247148z}
H 7]& ol 229 5& o188 = T ABHAE TF
71w s, & Aejolxde 71k el Sdkste]

Awdstarz} 34, intraoperative neurophysiological moni-
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toring, IOM2 2 37|38}t

2. History and Backgrounds

IOM2] 7]9-& Penfield 5] 19373, epilepsy F+<oll4]
direct cortical stimulationg ©]-83le] 5 4 77 9d]
A E Eelsk Ao w ALg 2Eith(Penfield, W and
Boldrey, E, 1937, Brain), ©] W2 o8] o8=|ar glrt. 1960-
1970'dtH, carotid endarterectomy % cerebral ischemiaS
B71s17] 913 scalp EEGE ARE3ISIL) o|24] % = 3
2 Fe g ERlsh] 3l 2Hd(awake) S FAIE H 87} ¢l
ST}, HolHe] 10ME 19704) U] ATAE] A
= A A=ske] Aute] 7|5 (epidural recording) A1)
A wEIek ! 1970t S]], somatosensory evoked
potential (SEP)- 283} 7]&E0] Whdslr] A1zkakdas’ 1990
Wrllof] Burke o] B|24 A5 #7] A= (transcranial elec-
trical stimulation, TES)& ]88} motor evoked potential (MEP)
< AR 1908l £, auditory EP9} EMGE
o] g3}k WA 7A] W Eo] wdEe] S5 (posterior fossa)
< 2 microvascular decompression, AAANHZE 5=
Soll HgEA Het.” o5 10M FH|Eo] gL oz
gatlon, 1980 Futol] o]22] IOME e &
2]7] 918k symposiumEe] 7R =HHEA H2=A AFtellA <
Fo g o] #go| AtET

M
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3. Terminology

1) Monitoring

IOM©| H]Z WA o] monitoringS ¥§317]= st IOM
42 F7| monitoring®} mapping & &3 4= Qo)
Monitoring A& 02 A2 AFE waehdA Al
ALY o) F-E HAlshE Aotk = 2718 vl
£ sl dAg s @t

2) Mapping

) Beisio] laloio 417
fication)dh= Aot} F2 =83} 2l
de = A3 Ve e 48 Fels sl Zest
t}. Monitoring®} mapping®l] 212} d|Esh= I0M2] A&
WHES ofgdlA] th-FAlch

3) Clinical Evidence

IOMe] ¥} & 7]ee] o] AR HE T
SFaL QAL IOM &fle] & HAgelo] whede Hmeole]
Wl AgHoz ojza, watel by eirel Adol
BrPsshne, 0Me] A a0 tfg 2gHel B}
= dEhA] etk e, o] HERRA AFtelas A
I < (spinal surgery) & ARR|nlH| = SER|ulH] o] wHAY
o] IOM & MEP/SEPS] Wgl2 o|&d 5 55 I8
T}’ @33 SZofx] A EMG monitoring®] A7+ <
o] A e RIES Ade BIsgIriTable 1).°
Cervical myeolpathy®]] th&} cervical laminectomy § £%
BFAYS= C5 radiculopathy?] W% 2 5% YA EMG

Table 1. Sensitivity and Specificity of EMG vs. SEP Monitoring®

monitoringS A1 - Yol e ®adh up e}

Techniques
1. Monitoring

1) Free running EMG

(1) L2ABARNE, WA, AANE) B 25
7ol &4o] fHEE FEdAe, 25 W A7) A%
Alste] A7 AY] ApFolu &8 #EE 5 9t o
° 2 ZSW(intramuscular) Bls(needle) == A X (wire)
ATFE 25 S (muscle belly)dl] $IRAA A71E5S 2
ARE, AEH R 7|ESith g 252 T TR o
2} AFA] Z%(limb muscles)o]y}, 4= FS(bulbar mus-
cles), B /8% Hot 55 ZFE & Aok

(2) 434 252 FEFolx 9] 7150] ozt o] F
2kF0] glo] 7% F 7] AlEE vHEo] WA ¢=t}. Free
running EMGE 33k Aol 2 #&=+E EMG 52
=7 phasic discharge?} neurotonic discharge® T-2¥T},
Phasic discharget= LA|H 2 Al ()l 2f=0] 78]
X A7) A7|AlZ0]al, neurotonic discharger A1739]
BAAAG S27AG 184 e G =8 Tl 7HiAA
A7) Azoltt. " Phasic discharges ZHS A1Zke] HI%
713}E oA &5 (short asynchronous polyphasic ac-
tivity) & Ho]il (Fig. 1A-B), neurotonic discharget™ W
23 BA2] AYAE (high-frequency irregular bursts) 2
SRl EAIZE X458 = QlekFig. C-D). Neurotonic dis-
charge= A|&2Q1 A AA ol F2]#] Holof spm, 12k

> Fﬁ
[Ulﬂl ®
2 >

=

Sensitivity Specificity Positive predictive value Negative predictive value
EMG monitoring (neurotonic discharges) 100% 23.7% 0.085 1.0
SEP monitoring (>50% change in amplitue) 28.6% 94.7% 0.286 0.947

A : B
m,_; ‘f‘ﬂh\
U Baho, B T S

Figure 1. A-B phasic discharges. C-D neurotonic discharges.
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2) Evoked Potentials

(1) Somatosensory Evoked Potential (SEP)

AAPLHASNSEP)= Bl e, #5578 (spinal cord
posterior column), 7Fe] WS f-tH(medial lemniscus)
o} lliiTel AR E Wisket) olgd 4 Ank o
A= F2 T HQolA 9] tibial nerveE Al=3lal A
A= F2 52| median nerved AF3} A= HI
EE Sz A AEE 2% 94 ol ok 12 cm®] &
Aol &% YERFES: 89, oF 13241 100-300% 7}
ko] A}=g Ytdle] #3712 active electrodeS
CI-C2 X C3-C4'9 YA|A|7]L, reference electroder=
Cz, ¥z, CPZ, C¢' 5& F= o|&3atH, &t we} 71
gk A5 Frolok(scouting) g}, 50% ©]°Fe] ampli-
tude 7H47F AU, 10% o]A+e] latency F717F QI 0]
A} azlog ddgic)

(2) Motor Evoked Potential (MEP)

=519 (MEP)E F& transcranial electrical stim-
ulation (TES)E ©]-&3te], & A Ao HAAE
(anterior horn cell), B2A1EE AY &5 ol2= &
BARE kb fst WilHoltt. A A= fEixE =
C3, C42] 1 cm o] anode (=)<, Cz B5= Cpzol| cathode
=S AN 1A A=5 flsliAE C1-Cz, C2-Cz,
C1-C2 montageZ F& ARg3IT T3y & I =
31A] A= 9A] C3-C4 montageZ AMESR= Zlo] 74 &3
Z9lo] RE AL}, TESO= F=E subdermal needle elec-

Figure 2. The anatomy of the ascending auditory pathways and
proposed generators of waves | to V of the brainstem auditory
evoked potentials.'®
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trodeZ} o] AM-H AL, surface electrodedl] B3] s
£ =Y 7 3, A5E AN AR Y 5 Ak
Corkscrew E]¢] subdermal needle electrode’} 7F3 &
207 o8 = Qlth MEP 7|2 ARX|S] Z&ollM sl
7 A 2 needle electrodeE XF3sct A= JFeE
A8 S7IAIZIHA Al 1,000 V AE7bA] Ales) B 5
UL, 2 AR P HiEE gk 2488 & ¢ otk
MEP amplitudet} latencys= 2521749 pool] &0 u}
g} o7} AX AYPHo g vk FF(all-or-none)E |
e dekal Hu® ] S5, W) YA wet 7
= 9E9g 487t ok

(3) Brainstem Auditory Evoked Potentials (BAEP)

1967\ d0)| 271 % ©]F BAEP 7ZHA|:= auditory pathways
Z35k ¥{H(brainstem) ¢} 7|55 H7behe == del o]
25jo] gt} F=2 wave VY AT E BAE Hu 22
& U183} o) 7t FaHol AXolITHFg, 2). F2 vk
7N(earplug) HE]Q] earphonel @ 2] A= ALSH
Hc}t, i 70dB, n3+=A(alternating polarity), 20-40Hz
o AT AFESh] SPEHel BARP EE i Hk

Active electrodei= mastoid processt} HE-°f subdermal

needleS AU}l reference electrode= CzE &3] o]&
3t} BAEPY] 34 2 wave I, 111, V9| latency9} am-
plitudeE BzFsto] o] Fo2H, 5 7tol=glele glovt
wave V2] 1 ms ]’ latency X]QEO]L},M 50% o]’ ampli-
ude 7HAE f-oJatA st P

(4) Bulbocavernosus reflex (BCR)
e HA] BEAHBCR)= polysynaptic reflex 2 S2-S4 level
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Figure 3. Median SEP phase reversal.
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o 77t H 25 AA ARE W F e 83
o}, <] o‘?‘ A=RA
oJAde] 7L dlitoris F¢]9} labia majorac] A& H& 3}
of 253t 7|18 A5 &3] odRiE ot (external anal
sphincter)®]|] needle electrodeE AUsHA Eu}, 10 Ao
w2} bulbocavernosusol] A= Adsh= Zo] Hask HS¢

= gk AF

penisol| surface electrodeS

2 duration 0,5 ms, intensity 40 mA, 2-5 train,

inter-stimulus 3 ms® A}=38Fe] HHEZo] Hl8-S AL =

slovk, thsbl A Q1AE Hhe] hex] it 4

Ho) AFHE Hobd & et

1. Mapping

1) Triggered EMG

Free running EMGQ]- oA 2 AR 250U 528
s Tl A8d ¢ jler FEAlor o] A T2
o] 7ls& FARIT F ‘Zl HF FEdlde 75 Aok
TZ=o] Aol vheA EE'E gioh ol AT level

of sge=A 7} myotomedl|A] EMG AT E 5024

el 5 9, UREF 5% SIHE ARNEL &
ste] nEY & gk

2) Direct cortical stimulation

Direct cortical stimulationS F2 ¥ ¥ e A 2=

ste] &5 Tde] YAE Rlsta, 2FLE 7sS 7t
she lolAe, 23 914 Sloll Tkt 247, <o), A
Z} 314 % eloquent areaZ EQISh= dlo|= o|-g-Hr}
Epﬂepsyfﬂl/ﬂ-‘;— epileptogenlc zone W irritative zones

lshk= Hldll =
ZHZ,ﬂ_*O‘]-ﬂl% after-discharge®] 9x|& &<ls}o] epileptogenic
zoneS FAS & Yt} Akl ul} probe grid, strip elec-
trode 5 Ao A2 &= gle Uﬂ =7 Wollxt Bhell
A} o] 8= = ok, AE A2 A= constant-current, bi-
polar, square-wave pulse2 2F 50 Hz frequency, 0.5 ms
gtk 1-2 mAoIA Hdf 10-15 mAZIA] Al
X&) Z7IA]7|aL after-discharge®] 2z oJs] Z=r} A
Skt

25 WS = U} Seizure semiologyS

duration© 2 2=

3) Electrocorticography (ECOG)

2014 CiBHAIZANIE1S| MB3A} BHSTHE| - 202 -

=2

T (intraoperative) 7|&3} 4-%2|(extraoperative) 7|

o= TRY 5 otk 529 7]Be AR AFS AR
7] Fo] ¥z 7HA ) (ictal epileptoform discharge)Z
A #olgla, 5% 7|52 T2 w7 7 3(interictal
epileptoform discharge, 1ED)E &5 Ho}, dubgo
2 T4 WS AASE epilepsy &g A3 S8l
epileptogenic zone< A3 Eelstaial AAIZE 254
ZEA](invasive monitoring) S & ol A|gsA] Ho}, 5=
$% 7198 1 5ol AeAls o, 938 $71
7haA #EE S ol Ao /1o ictal activityE &
A 9154 £aha EDE F2 B He), w7} B3
& irritative zone-& ictal onset zone¥} &3] UX|}A]

et AP Sl

4) Median SEP phase reversal
FA 9] A= &lsl7] Y3 median SEP phase re-

versalS o]8& 4 9t} F= strip electrodeE 7H2tu] A
I suEs Efehs Jddl AL, WHHE me-
dian nerve® A=3MH 25 E TS EIHAAME
P22t o] 7155 AL, e dollx= N209HE o] 7155 o],
3} o] o] AR = YX|lA central sulcusE Eolst 4=
ATHFig, 3).

Applications

1. Tethered cord syndrome

IOM-Z 53] filum terminale (23S 2¥Hs}o]of 3l
F9] A7A F2ES BES|o} st} Triggered EMGE E3)
217823} film terminaleg 7HEE 5° Q1AL free running EMG
2 93F ALY &S HAE ok

o

2. Sacral spinal cord surgery

T2 lipomyelomeningocele, myelomeningocele, epidre-
moid cyst 52| <ol|A sacral cord function % lumbo-
sacral rootsE HZE3}7] Y3l IOME AJg%tt}, Monitoring
© 2 free running EMG, BCR, MEPE A-8& & 9,,1_1_ trig-
gered EMGZE 2174z} WHS PR =25 S

> gk,

3. Cerebello—pontine angle tumor

FEAlof Fol vket HA3F /s A= Al
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W, el WA8e] e e M7 s
Al B 25/447 75e] BEo] Faslth Monitoring &
2+ BAEP, facial muscle EMG, median SEP¢] &-g-o0] 11
g Eo]o} 3laL, mapping 2= triggered EMGE 5-3) fa-

cial nucleusE 1&g 4= St}

4. Spinal cord surgery

)\Lx] 9 312]e] MEP, SEPE A|8)3}1, A3 o= 9i3
Fsl= F=olA+= free running EMGE monitoring
. 8F FEolehs Ao ukel FAe] whnlzE &

aL, R Al 5ol o3k SEP, MEPS] RisHs:

} HEHH A9} aA]e] EPE § /\]630]-—- Aol
3t} Epidural electrodeZ o|-8-3te] 214 4ol 2}
A 715k H‘@E R, 5% 2t R
olget o Awet AE5E 7158 4 itk

n°('

oﬁfu
%or?ﬂk
—r‘ﬂ’

N
0\1

E

i

flo JOU J iﬂf rr % i

5. Epilepsy surgery

290

594 9 F37)5 (eloquent cortex)= HE3}7]

sfaf I0MS ol8git),

0 2 ictal epileptogenic dischargeE &21s}e] 7HAA|ZFR
EA%}a, & F direct cortical stimulationS %3]

v‘l—% g Fa7s v & HES

HA5%L epileptogenic zoneS &3] Zal,

<= 2 ECOG invasive monitoring

Summary

T T AR ANIOME & B8-S Folil,
27 elFert o] LIS Agstal selehs bl med
T, 3 9l Boap} stelE e i Feles €
M et ToME FR3he oARs FEe] Fiel whet
A3l IOME AZEta, 5% F IOM 278 A3 )4
shojol 3hH, Frelol HFHoR oAlaE o] IOME
o Hdel = AHE AE F AEF mstoiof gt

N
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