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INM in Scoliosis

Han Uk Ryu, MD, Joong Koo Kang, MD, PhD?, Seul-Ki Jeong, MD, PhD

Department of Neurology, Chonbuk National University Medical School, Jeonju, Korea
Department of Neurology, University of Ulsan College of Medicine, Asan Medical Center Seoul, Korea®

The purpose of intraoperative neurophysiologic monitoring (INM) in scoliosis is to prevent and minimize neurologic insult. There are
several additional considerations in performing INM during scoliosis than during other spinal diseases because of different patho-
logic characteristics, surgical procedure and relative long duration of operation. The surgical correction of scoliosis may involve rota-
tion of the spinal cord which may affect the corticospinal tract and result in abnormal wave changes. The surgical instrumentation
like screw insertion may cause pedicle wall penetration accompanying spinal cord or nerve root injuries. The long duration of oper-
ation time can cause decrease in body temperature and “anesthetic fade” effect. These factors should be considered for appropriate
interpretation of INM wave changes. In this article, we review the method and clinical application of INM in scoliosis.

Key Words: Intraoperative neurophysiologic monitoring, Scoliosis surgery, Monitoring, Intraoperative
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24 e dste] & A& ggh
et 9 el s 12 ] oo} Z|Zto] e A
0] ME wabEls 742 Teke] BA1E 5= Qlrkrg, 1),
AFEN58 TA| Al 7IAE BRFsk=t], A3 d(congenital),
A7 (neuromuscular) 22]3 S12H(idiopathic) 2] ez}
Utk A3 HFENEL Hold wiiE 71&o] 3lof A
w7} Bt A o|a v ARl S ViRl AJEE gt
th A HFSUE2 o|x Q1 Al ofsf HAE=
Ao 2 T YQlolli= A uu](cerebral palsy), TJT2E
Z3|(muscular dystrophy), #4%]<5(spinal muscular
dystrophy) o] it} 7V} &3 Jel= 5 HFSvs
o2 ARl & EETEEHH, 104 o)l AadoN T2
Hhgels Ao Ho] gity? Bub Hpznlzox i
3710l A Bl 401 o] o] WK (curve)E Kol
U Aol 1t ghjollx] 502 o] gk s B2y
Rollw Ba}aL vhto] Kakshs ol Alagict? 4
2 AR (screw) o vt 2] (hook)E 257 (pedicle) ol 4

TES array 1

Figure 1. Cobb’s angle'
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YstaL Ae(rod)& o]-&gk Tt =S Attt of7)
A F@gE=(posterior spinal fusion)2] WO Z LA}
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TFed T2 o] e AA HFE st S0zl v
= wAsp] wioll thgh 71del| ofate] Aol s
= F Atk 2 dlg, AEesis e FHe sdov A
Mol & 4 931, H7t K compression) g LAY 7174
S(stretching)7} F7Fsto] 2420 F4& e & ok
T HFo ARSS ARdshaA A skl Haqt
Aol £3e & I ek olejet ABA =g &
BEe o] et HAFEws Fes18A
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2. 2EBUALA

1) JPd L2272 (SSEP)

SSEP+= 7]—7g‘ ‘;—;,]_a] é&_o]% ez A
Ut ofyg} o, TR A Ve #
s ARgET) sk} sl Bele) 7)

2

s Brhsh] ¢
Bl AT 5
ol, A% F 715 9I3lo] Q= Al Fele] Agirsl 29)
solA] Aol AT, o] o]z T 9] 9ol
NEL 5ol 9 AT 5 Yor, G9lRelA] 715e

e AFo] FolAeA] Helg £ gk
TES array 2

46,

3 s (2 o
. \ M3] MI) ~— (M2) (Md)
c2)-{ca) i B L

Figure 2. Transcranial electric stimulation (TES) arrays and montages. In array 1
(Deletis, 2002), -1is Cz 1 cmand + 6 is Cz + 6 cm. In array 2 (MacDonald et al.,
2007), sites are labeled ‘M’ for motor and are at C + 1 cm locations, except Mz at Cz
+ 2 cm to make room for Cz SEP recording.”
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SSEP= A Bam dhxle] Aol A7) ASE FaL

=
Fhod] ol dolM 71EE ate] wx, He, EHsE Y

U H2AE A8kl eh4] SSEP el 5
= AFshad S et SSEPE Yol A wigg
Al(generator origin)i= AR|e] 79 T3 21743} LA
(brachial plexus)& AW 22| 5& 7]5(dorsal column)
< me} #¥sta s 2x AT FEPAIE L]
(lumbosacral plexus)S A 5& 0ol EFsh= Ao
2 Holglt} ’® o3 ¢33y (medullary nucleus: cunate and
gracilis nucleus)olld] AYP=E o] F3 &d-FtH(medial
lemniscus) oA mx}FsFe] AJAFeH (thalamic nucleus)ol|A] T
Al A2 dA 3 7H2Ee-% 9] Z(sensorimotor cortex)ol] &
et}

SSEP9] 1} SAES HHA Y], 715EE 9A|
o} FEIE 7L 919& SN AUt dAelA Eb
H(Erb's point)& EHlZ(sternocleidomastoid m,) & 7}
AAtelo S dE (davice) 4 2 cmol] 23, 7]
9 mse] 55 FAMNYS A& F ot o|F T B=2E
wet 7] 13 msellA] C2 A3l ek whe-(N13)3
20mselM= 2w Ao sfdeles vH8-(N20) 5= 2l
2 D& 5 KTable 1), SFAelME 571 22 msol] &
FALMN22)7F VR, 1 23] ol|A] W (cauda equine)tt
8 HFA7](lumbosacral plexus)®l| |FshH= WHg-o] 7=
t}" o] F 34 ms Aol WEAdHThellA Aldalel oz
AR AAWNBH)7E 715EY, 2ERFP45)S oF
45 msollX] D& 7 k. AT L] EFA

Table 1. Generated potentials and origin of components

Upper SEP waves

2191 N34 12]a 75 v Helol| gEhs PASE A&
= UthFig 3A). A7) A= A A= oF 15~35 mA,
SHAIE 30~60 mAR 311, % HX|oA] 25% Z71E 7t
2 Ao R ool Wl EA| 8 AEe] 25 HHs &
g 4= 2o Fot 1 5he) 314] SSEPS] T E =TT A7)
o Z|EARES A ET 25 o] ZA| 7EA7EA]RE gl

=
ol 715 WY 9 W= FYUSIcH(Table 2).

b1

J

2) =554 2|(Motor evoked potential: MEP)

MEPE= A AFésisco]l AFqsule] da E32o) 3
Fohs HrE AAe] flake] AREEE WHelH, o7]d
+ HAAFZI}F 23] wiEel & § AT e
7 7 AN E SR8 FESAAAITA o) o=
A=3 7188R= Wil wheh A5 9l (neurogenic
MEP: nMEP), D-wave 18]1l &85 9] (musce MEP:
mMEP)Z vz & Tt

(1) AL EA Y (Neurogenic MEP: nMEP)

nMEPE 7% H|HTh Z97e] 23 FfdAM A=&
FalL 7|28 S B9 olge] WA sh= whgolt.”
ol AF Fd % vl=A=(percutaneous needle)S At
dato] A5E staL S} F-9lo] wx A 7153t &
& 7dZ(motor pathway)2] 715& AL HHo 2 A3}
Ak, Foll st FE<7Hcollision study)ol] 2J8HH 21
s rAE 254 R0l gt vkgolely| K= 1+
Az ot Helghs SAEC] UEly] it 4=

Table 2. SEP stimulating and recording parameters

N20 - near field potential by primary somatosensory cortex Stimulation Upper extremity Lower extremity
N18 - far field potential by medial lemniscus to thalamus Nerve stimulated Median or Ulnar Posterior tibial
P14 - far field potential by cuneate nucleus Frequency (Hz) 2~5 2~5
N13 - near field potential by cervical spine Intensity (mA) 15~35 30~60
N9 (EP) - near field potential by brachial plexus Duration (msec) 100~300 100~300
Lower SEP waves Number of averages 250~750 250~750
P45 - near field potential by primary somatosensory cortex

N34 - far field potential by medial lemniscus to thalamus Recording

P31 - far field potential by gracilis nucleus Filter (Hz) LFF 30 30

N22 - near field potential by lumbar spine HFF 1,000~3,000 1,000~3,000
PF - near field potential by popliteal fossa Time base (msec) 40~50 75~150

EP; Erb point, PF; popliteal fossa
Neurophysiologic intraoperative neurophysiologic monitoring 2nd
Aatif M. Husain
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HFF, high-frequency filter; LFF, low-frequency filter
Neurophysiologic intraoperative neurophysiologic monitoring 2nd
Aatif M. Husain
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2 7sks dhio R =go] gtk ! 7)E BHe B,
60" 9] HF=ukE SAES O E nMEPE S 1), 7]
vl
2]

Q] FA|(technical problems: placement of stimulus

by
’

electrode, EMG artifacts)2 &3¢ B7}53 492 A<}t
e FEFAVA PSSl Eaol He AR Hu
&gt 2@y Minahan 5& % 5 nMEP7} o=
BOd #x} 7kl 29| shkAluke|(paraplegia) S-S
B usfe] nMEP7} 249 2% ZHE(motor pathway)E 7+
Ak, sk et

(2) D I3 (D-wave)

D-waver= F7l7d-f(transcranial) o4 A}=-8fe] 24=o]
4 Mhepidura)ol] A 7125 w02 2golshalt
nlE ol dgFo] A9 17| whol] Z-5-8-5-5Hd 9] (myogenic
MEP, mMEP)EL} 2|42 (intramedullary surgery) ol 4]
AT EES dSshet o 83 A= Ho9l
oL e} 100 Bunk ollel 18T A S
] A 42 (corticospinal tract)7} FE3Fe] ZZEo| Zolx]
, HZ=3Nlateralization)7} ¢F=|H 7]12 Aol 14 o] R-ols}
A epe gol QU el AFZwE wHS o) A
7F Eo Al Hat, ofell B Yiepidural) 715 =] A
WX == 97 e $9F(false-positive) A3} &
o] Lehe}.

) VA7) 5 (transcranial electrical MEP:
Tce-MEP)

TETETEESE P A AR EE *F4EE A
o2 FaoA A5 FaL A9} sHA o] 25ellA] 7]
5 3k Wolth. T2 e g2dAE F(abductor
pollicis brevis m,), 27| @ (abductor digiti quanti m,),
o|FukZ(biceps brachi m,) 52 ARE3IH, kA= S
(anterior tibialis m,), YAEHX(abductor halluces m.,)
55 o] g3t Al BEE yEfste] 7] ol u}
2 Agtsl 252 Hddsltk(Table 3), A5 B2Y(pulse
train) S0 A7]1AF(transcranial electrical stimulation:
TES)S 7P ] ARS8t i}, HAalwlstel] a2 <
S5 A 9] (muscle motor evoked potential: mMEP) S
Q7] Seie Eade A7) A5 F= Aol A Ye
oL, 3039 Bz AFE 0.0 A5 el
= AZU(constant voltage)T} A AF-(constant current)7}
9lom A= (intracranial stimulation)A]efl&= #&}ef] u}

IrnE
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& A 228 flete] AAR{ A= T2 AR, TES
MEPOE A ale 713 o) Akgsict ' A=7k
A(interstimulus interval) & 2~4 ms 1#]al HX~ 77Re
(pulse duration)-2 0,2~0.5 msZ Y&t} 2= A5¢] %]
= 20133 nl= AAFARZAE S (American  Society  of
Neurophysiological Monitoring) o4 5 74| B &2 A A5}
=4, Deletis 7} ASFa+ C3, C1, C2, C4, Cz-1, Cz+60] Q)
1, MacDonald 59| C+1& Mozl ale] 2lgh M3,
M1, Mz, M2, M47} QIthFig. 2).” ¥zt 2E(inter-
hemispheric montage) 2 C1/C29} C3/C47} JaL o1& A=
ato] 3} the] Foll MEPE & 7 Qit}h 45 ®i%Hanode
switching) & 3] RS Wz} 7PAA A=8 4
Y=Y, g8 Eo] Y=(anode) Cl1, 2=F(cathode) C2& =}
=& FH 0EBE A M WS & 4 L, v

o = ClLoR A=3 FH 45 AN 25

Ith(Fig 3B).”' C3/C4 A= C1/C2 A=K
2}(current shunt)7} 27] wjiodl Hr} ¢ 73tk
WS A 5 Qo ATl uhe BAe] $Hde] o A
Al YeRaL, 4 3 5(current penetration)7} T Zlo] &
oL }7] miizel] FrhH= A s8] ZHAdll= AFto] Qi

oo
O,
>
Ju
a!)

3) AfHF 2 QHF A2 & (Spontaneous and triggered elec-

tromyography)

2ol A7 e oa] U 25478 o] e 2
ol wX3p7] whtel o] 5ol A5& Lot FEFAlA
ABAE & = ot AREA = (spontaneous EMG) &=
7158k 25ellA ARl S akburst), S7H 217
2173 EA (neuromyotonic discharge) = A7 A714
ZAAE7 AR 2s AISY o= mMEPS} ] B

zAo 2 AT 9lor], B ul 2 kol £

Table 3. Nerve roots and their muscle innervations

Sternocleidomastoid 2, a3
Trapezius @, ¢4
Biceps, brachioradialis, deltoid c5, C6
Triceps C7, C8
Adductor pollicis brevis s, T
Intercostals, abdominals, paraspinals T6~T12
lliopsoas, adductor longus L2

Quadriceps, vastus lateralis L2~L4
Tibialis anterior L4~L5
Gastrocnemius, abductor hallucis S1, S2
Anal spincter $2~54
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Figure 3. SEP waterfall and MEP during scoliosis surgery. Left median nerve SEP (A-1). Right median nerve SEP (A-2). Left posterior tibial
nerve SEP (A-3). Right posterior tibial nerve SEP (A-4). Left MEP (B-1). Right MEP (B-2) . SEP; somatosensory evoked potential, MEP; mo-
tor evoked potential, APB; abductor pollicis brevis, TA; anterior tibialis, AHB; abductor hallucis brevis

BENE 2716 AL e F S dPdsket &
ul

S(phasic activity)®} 71734 ¥H8-(tonic activity)o] .2,
og] 742 W2le] A=(E9, 24, AA #F)oll ofste] 1}
St Qe WS AR ol hgel G4 T A

o} Sk A E (riggered EMG)E A17A2AMS T1517] 9
sto] 2 A5 FoA ol A= ukE el 1 93
(threshold) & ¥#&sh= A WHOR FF F9] QbAl
3ol AAE elsAu Heargselr H5E7(pedicle)
o AB(screw)o] 2 Soizi=A] SR1E wje ARS-HH:
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3. OFF{K|| AMEdTL T 2qALSt

AEAR] FEFAAARAE HEixE viETete] Fx
2 iz} P5Holct, wiHAlE SSEPlE RS mIALE
3] MEPS] 789 217 Al (neuromuscular blocking:
NMB agent, e.g., rocuronium, vecuroniumt} 2A13}H
FYrHEAlCe.g., isoflurane)& AFEE A9 IS oS
SIth.” Brlulel NMB 2HAlE ARgsfol & ol &
7™ (bolus)ol] FAFSR= ARt A3 o g A&z|om
Ysh= Zlo] FEFUNEA BAE 98 2 5 9ok’ o
= 2HzE EEEFAHES 4 A=3R= “train of four” A=
S 53] 1~23)9] &8 "B (muscle twitch)o| FEE= A
=5 fAFos v AeE rhesla 248 5 ok
et 7P ol o]&w= mkH WS propofold} opioid

E o|g3l HaAWMulH(total intravenous anesthesia:

AW
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TIVA)olet, o] HhHle miFAl= <13k MEP 2159 ok5l7) o}
2 FUvEIA NMB ARAl T} 7] whge] #H3ESuts
FEoME APt Y & & 7pA aEsjor 2 Alghe
F3eld], o]AL desflurane/ nitrous
oxide/narcotic E=5= desflurane/propofol/narcotic E}fﬂzﬂg
Algste] AARE s Ae Ao =Wl A

oli} thE AAHel WP glol=
= oAl gebhe se v

“anesthetic fade”

7|EMEPE P& -)F 3K

4. 11 71&(Warning criteria) % &A% HE(Clinical
application)

e og AVGA £2dol ofile] E ) shle WAl
A A= AN AAHE A AN
ol I xte] A Adevke yEhlH, UMOﬂH 7
A S e FRECIEAIE AA)T FEAIRE
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= ERlY] wo] 522 A AARA oA 215 vishe
B FARIL " 2% A dee] MEpS] A2 ol
Gttt o Batetel sovel] 00 o o] 1% AT 7
T AEE BE BT QP 80% o4 MEP
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= W ] ] DA
o] &2 7]1E2Q1 SSEPL} MEPE S3lX = AAE &
7} ek ol el A7e) e A1) Sl
T F524 (dermatomal) SSEPE- ZA|3]|ok EW“H Alghaict
IREE FE7F uefelal Ve o 9gs A7|7F oY
7] Wizl gl A3l 1ok gHA szivk o e
2 A7 EA(riggered  electromyographic recordings)

£ olgste] HFEERE FE T AR Gscrew)E AYE W
u]-/ngsl 2= 0l z'_ir_ (pedlcle) _E,\HE 71—A]6‘]— 2= olq, H]—
o] 21 AAF(constant current) AFEE Sl
H7<1:L(rectus abdorrums)OHH 7)1Zste] 1 9x8 Pt ¥

hilupissriliavdis SRS E )
LAFWA AX|7} 8~15 mAd|
et ko] A7mele] 2Hiehs Ao A7 6
A wlgtoll A3 A & 7P Aol et *Y sl
) A 2 Sl Pom, A 26 FRAlol Fit
RIS A Delitke WA Q7] o] 1
G Be 97 e

A, Aa(od)& o838t Rh=E ngsh=], o] w) A
FE o] SophHA TS %—g 7FsAdel =t AAIR
o2 HF 9 A FasAlel 7 S Sl v
G 88 AR Hol 3l Dwaved] B¢, HFESUS &
Srolls 27} wolaps Aoz Ho] gk ol /1% A
Sl gl 28 S slov, A0k wAee sk

1 A7) o] ks v @A o] njAAdA ] ¥
= osh 2 5 ik
AAZ SeAdo) Pl ek Aole), 4 Algle] 2

=
oA Bl Ao] Hold & Q, L1} s A
A e 57t =eAA JEI7E e vkl 2371
o] 71712 A7 A FAshs Aol Fash ! =,
o] A A= ZAA7E vlEA| 2] AR T2 “anesthetic
fade” 3= 2L AE2 AFstor o] olrl= A%t
o ek 4 glow, of= el Ak Az
(myelopathy)o]| A& SAlollA 242t 6.6A7H4 SAIZE o] &
of B = gck”
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