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Review Article

Intraoperative neurophysiologic monitoring in the spine surgery

Jun-Soon Kim, Kyung Seok Park”

Department of Neurology, Seoul National University Bundang Hospital, Seoul National University College of Medicine, Seongnam, Korea

ABSTRACT

Intraoperative neurophysiologic monitoring (INM) has been growing up as an indispensable method to reduce the risk of the operation-related
neuronal damage in various kinds of spine surgeries during the last four decades. To maximize the efficiency of INM, nowadays, many
neurophysiologists continue to research the application of the fnovel techniques and the optimization of the existing modalities such as
somatosensory evoked potentials (SSEP), motor evoked potentials (MEP), electromyography (EMG), etc. In this article, we review not only
the current technique of various INM modalities using in the spine surgery but also the clinical meaning of the INM regarding the diagnostic
value for the detection of neural damage during the surgery and the therapeutic value for the decrease of the postoperative neurologic deficits
in the spine surgery.
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AlZH A bulbocarvenous reflex, BCR) ZHAlof sl 7t
Aoz tRIA} Bt

1) MEZUZIQETR|(somatosensory evoked potential, SSEP)

SSEPE= ZJ5HA19] TRAIHOIN A7 |A =S 311 T%, &
o, AAoRE 9 2EoA 432 7150k WHeE, A
29| A= £59] 5413 (median nerve)ollA S8l T
A173D7|(brachial plexus)s AL+ #5715 (dorsal column)
o7 Rash, o129 9= YEHLY S8 E4E(posterior
tibial nerve)Z A9l 512]YX]417H Y7 ](lumbosacral plexus)
£ B3 HpFlsoE XYstA Hct. o] HRFH7|59
HZA AR A5-H@® 7|, cuneate nucleus E IHHH;
gracile nucleus)oA AlHAE o|F1 W&44-Gt(medial
lemniscus)oAl A}, o] AAJSof|A] mEx]ek AHA 4]
T 71 &(sensory cortex)Oll =EoHA EH, SSEP= 4471
BEZS FAlol= 2714825k Aol =7t AJA] SSEP=

oM A= &, 7153k= fixlofl W=k N9, N13, N20 ¥H&
S B2 5 YA, 5] SSEPE HER-Y THZAA A=
, GAl 715 A= Ao e N22, N34, P45 ¥ TS
7158 &= SItTable 1). SSEPE HF3p&0] 39 St
54715 &4 oRE wdske b lojA= MEPET &

ofl Jrﬂ'

oo

Solta = lou2,3], HAS-FI1E TAFHE TS
WA posterior spinal artery territory)oll= S-&3514 &

oo

7Fs3h, E3F A4 <E(myelotomy)2] Asst 9Jx]5}

Table 1. Potential generator of somatosensory evoked potential
(SSEP)

ex[gf eli’gty Potential generator N%zrtg?éﬁ? Id
Upper extremity SSEP
N9 Brachial Plexus (near Eerb’s point) Near-field
N13 Cervical spine (dorsal gray) Near-field
P14 Caudal medial lemniscus Far-field
N18 Medical lemniscus-Thalamus Far-field
N20 Cerebral sensory cortex Near-field
Lower extermity SSEP
PF Popliteal fossa Near-field
N22 Lumbar spine (dorsal gray) Near-field
N34 Medical lemniscus-thalamus Far-field
P45 Cerebral sensory cortex Near-field

D Since a near-field potential is one that is obtained with the
recording electrode in relatively close proximity to the
sginal generator, the latency/amplitude of the wave can be
variable according to the location of recording electrode.
Otherwise, the latency/amplitude of a far-field potential is
relatively constant because a potential is generated at a
distance from the recording electrode.

(localization)”} "L3FAY, MEPY 7|1&3do](baseline
potential) BOJR|A] Gk= & FollAl= 11 GTo] Wie- 52
StA "rh4-6l. Ao & F-9let BA| glo] A/sHA BF
olA SSEPE #AAIsk= Zo] Fa3tdH, 11 o=, A& S°1
el A9, ok SSEPY = 5 BaF AA = 1
ofAe] HpEAt ERIA], HAIHoR SSEP wHge] FakS
718 £ = JAEEA Ao Wal A/ Aot )l
Ofgt ARIA|, A SSEPE HiZToE E-83to =i o]
7Fs5t7] gizolt}. SSEPS] -, AEA o= 1970 ol
2, 71893 dH = 5 2EY 50% oY A, S S
719] 10% ol g o] HHZAQl Bir|E o= AREEo] Jitt
[7]. SHAI9E FE7] 9] B Dzt 7t 34 e 71A
|, 2@ ol FA-TJoE Afsk= AR, =
=5 F45] W] ozl diiFoR IET] A BE
o] Holxltk= A, 181 &2 R0 Rt e =5 VI
15 9] =27] A7 AAAAHA vHE 4= lrks A d5=
TS W o oF 20%004 e 27] 7Iewd e 2717t
50% oV & TF AA AFHRS &4 glo] A ks
8,9]) SollA 2 “A-8-d(adaptive) 1L 71 A2 HE
5H7] ARRIEHTI. o= XA R1 SSEP #iste] A4S s}
WA BlaA HRE7] 21 SAloflA Hlofus 9ol Zarsfiof gk
th= Ao 2 AAAX(reproducibility)o] 2 A= 270
At Fa19] A7 E 4= QIAEE A@Ago] FE B
50% o %10 AastAY, WL ool WAt -oflvt
Ak AS wAskL Sk o] ‘A3 A1l 7 & H8st
7] SleliM= e AAIQ 352 Tofslal, =0 7 2 9
A, AMEEl= vEA|, Boldos A Thstt $Rf A4l A
59| W3t 5o thgt HEE 711 AdejolA, FA419] Hstet
AR A HElE & 71T s3E BYER QA
dgshA Hot

2) 2584 (motor evoked potential, MEP)
(1) 28 MEP(muscle MEP)

A5 oM 9] 5 MEP TA= B5717 1A= (Transcranial
electrical stimulation, TES) & @& L8ojA Egke-=3t
TAYNE 7150k= AR, FEAFR(MEAFR)E TAIo
A} 3R= FAole}, =4 10-20 Hu}k #A(10-20 system)©ll
A C3 9 C4E AFoH FHanode)] BHHE Z/thE] 9]
MEPE 7153 4= =t C3/C4 A= 2 A7 A=
o] Mg=m, C1/C2E AM&SHA =W A= ol7F oAl
HOHI0]. AR-2548A2S] mee Al & 45E
Ha gpllofA 21y 7|Esks D-HH(D-wave)dt 2] 45
MEP+:= SFE-25AIBAI RO A (synapse) AL, 417
THERE BHA 7185 = fPolER, JXE H7] 5]
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A A S (multipulse)e] 71 EH 0 R HQohA =w, o=
oA thst Alo]AlGAIE(interneuron)e] JFO R -
BAAAI ] TE(excitability)oll WIzFolA §H&-E <=Hlo]]
Act. o] BAoR ‘A=FZt Blol(inter-trial variability)
o] & EAZ 7HIA =M, AsUisdeee] F5 AHA
WHAHFEO] &4 Qlo] TR SHE-2-FAIFA 2] SR/
o] FS v|A= FY oFo = 5 MEP7} A== F
7 7¥sgte, o] A= el AW, AU dAIF
1 457 @10l

MEPE 7150k= 52 A=l Qlolil= = Foiet &
Al glo], 7IRA 02 A5HA] 4 50| HF AEE|ofof 5t
o, dukdo g W 7)o AR He= A2 EEE
(abductor pollicis brevis, APB), AH7|H¥™dX(abductor
digiti minimi, ADM), SFA12] 3$-= ¥g7dtibialis anterior,
TA), 9AHHZ(abductor hallucis, AH)}S 7|12130 =& A}
&ot, 11 9] $& gho] wet 4zt deltoid, Del), 7H54
2 X(vastus lateralis, Val) 59 7|e} £8-50] 712 A€
=71% gt okA]19] A9, TA9F AH 452 7Fsotd & &5
E AMGSE 1S sk, 11 olf= TA, AH &50] 254l
BE &4 RS AAek: b HE g 7HA e o
2 289 & 7] 2Rl 2 dEE AqtolA, Fe
A179] &4 TA]of] Qlo] TA T5°] AH &) Hlgl =2 11
AEE 7HA= ¥, AH 50| &A= MEPY] 3150 3l
ojA= TA &850 Blof =2 WAEE HolWA & & &5
715 Aol sl =2 FASES 7Hlo] YEFHL 1
9] MEP ZHAIE o8-8l Qlof & 7HA] T arzsfiof & AR}t
<2, 712 3t (baseline potential)o] AHZ 7|5H=A] o
ojtt. & F AFA E4Z AAH] gk A 242 Bl
7hset 71Eurgo] Qlofof Btk ZolER, i AR A9
712 0S4 5 e =Y, BUERS 857t oA
Al Hok. ZAo] gRte] Aoy & A FElo] Al
MEP 7]2ut5g 9] Aol JF= nld &= ltke dxesol ¢
7E A Qlo{12], AL 59 SRS o E Ak o
BARE o83t AFEoIqIth T & AFLEO] 34519
HA3Le IS doE, & F9j0 W& MEP 7|Euty
715 Ane] AARIAE AT A, AF Y &9 B¢
= e A 28 ASHMRC Gr 11T °]8h) 9 &< MRI T2-7%
Z2QNAe AeF77F FoulskA MEP 71Exge] A48
Aufiel AWHE B, §5 59 oA & A 2
AoH Lt &Y E FAF o] MEP 720ty 34 Ao
FoJulst SRR B HTH13). S & A F7HAA
A A E G 2A)E Soll MEP 71Eutg-E d-300| 9lo]
ARFAY Aot ald=l= B9 o8 TFY T894 715
<= THISHAY, MEP 13 84S 733ket 4= Qlrtal gzl &

ZA179] 7 (tetanic) A= 59 Bx A= 89S FHlolk=
A% spte] ¥ Zo|tH14].

MEP?] 711 7|0 Hsiirl= ZA 44 vl& o9 o
ZE 24, vy A B2 1wy g0 283 A= EE#
(threshold)d] 37t o 522 BrishA "t &340
A%, 71| tiH] 50% o A4, 80% oV A T thdRt
71%E0] ol 8=l 9lom[15,16], T Aol Al 7|EHTt
=2 TS 7= Aol lov, oA A= A=
ZF HolX(inter-trial variability) ©] 2 MEPS] &4 AF
(171, B 4o} F2HAQ] Wgte] 3ol %] ok o
o] k. A= 8 37t 712 27 A% TEgol
100 V oA} AF5ol= A2, MEP J&E ALt uky 440
Agsl= It 710, AAR de] ARERE gl Stk
(18]. o &4 A1 7129 A%, 2 F ol dish
Ao 2 Y= oA HEHE(19,20], A=%F #ol4d9] &A1
T U, AFHES BE 5 AUk Aol AU
71491 57159 ATt TS AET

H Hes Bolo] A1), F
7P HHA O R AHgE|= 7]

>4
-

(2) D-IF¥(D-wave)

D-539] A= At 3 FHoA oA Yol FF
ZN(transcranial)® SGAEHA(single-pulse)® A= XSS
A Aae] B (epidural)ol HFAR 71EASS 59
A= GloA Y TIPS 7150k WRHCoE, 5 MEPO]
HJaf| upA] 9 AFISA A 0] A oR S E wh,
FA o2 SR SRS FISHA| 2 A, A&HoE 1
Yego] 7Rsstth= o] QltH22,23]. SkAIgE, 2o
Al 715092 A= Hol7| e, §5- 10-119 AFdollA
Tk 7|80l 7hsokal, H4=9] 7kH|(mid-line)ollA 71&EE
2, Z§ FH2o] =X ghof, D-1 9] At s FF- ol
& D ZAHRRO| EA4Jof| o3 TARIAE & & glon, H=
S 22 719 1 eeolile =2 AFQ7% 5
L7h WAEHA TdFeR0] 331 AT o R]7] i
of, 243t 71=50] ofYd o= F4H) Y AT A
= B7Fsolths &3 5ol Slof & AREEA] g SHE QL
TH24].

D-uHg ZAI7F 7HE /851 2ol Eopt AFUES
(intramedullary spinal cord tumor) $&<ld|, Y¥tzlog
50% olde] X1Fo] TAE A1 7|0 o]gsH[23], &5
MEPRET 47141 $Ate] 25715= dl&sh=d Jsttt
£ Hils0] Y4el23,25], A= AeUES et e
WA ARG 7FsSIthH, 5 MEPS} BlE©0] D-1 7HA]
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A Zo] A§ske #o] 75 AnE 22l

(3) M@ MEP(neurogenic MEP, nMEP)

417 MEP+= 19909 %, uiiA] 5ol W3sHA =
= Sl= A5 SSMEP B4l &5 715 B 4
oA ST E Ao, i Fo1o A oA
POl A= 01, U Aoy & B9 oy fde] A4
7185t Wlolt}. shA|YE A
4173 MEP7} X1 54179] 4155 ¥Hgsk= Aoluol tish
oj% =wto] A&H 2000490 #Hxd" 5 AY
(Collision study)’ tollA 4173 MEPE= g®}dKantidromic)
H4H7]s(dorsal column)®] ASE ¥IYgshk= AC= V&
E|31[26]), THE TIFollA INMoflA SSEPS}F 417 MEP L%
A glo] FAEAE F SAollA AR & T A S
glo] SHHAl ue|7F AT Alo|A7H27] HiEl= 5, @
A7 MEPE 25 4ABEE TA6H] 93t BH o2 AMEsh=

AL 23EA) gk et

12 oX, O A
ML= o T ¢

©
N
Jhu
]
d
>
=k
2 o
ol o

32,
K

3) 2™ (electromyography, EMG)
(1) ¥t 2= (spontaneous EMG, free-running EMG)
A AT A AR (nerve root)?] E4 RS
Brlek=t 5835 AARR, F5H(pedicle)oll WARE(screw)
23 4% 7= Aokl sk oA 4l
Helo] g & = e IS5 el gl ARBEI
7 A= glo] A&H oz Mee oA ol Ty WA
2 A =1, &9 YA(FFE ¥ 4= = A3
He)9] gd)of weh HE3gt 718280] AdE S Ut} =2
She] Al7gHe o] shte] o] AeiE= Fe7F gov, 4
F &9 A5 C5-1HH[9] AP LTt JHFoE =of, o] &
= A, olFHXBiceps brachii) 5 F 719 &&= 7]
E1807 MEsh= A Y28l & 7HA] FEjo] we)
(discharge)7t Sh=Hll, AIZR] 41735 2] A=l SJsff EAYsl=
H57|5kE oA okl 84 E8Kphasic discharge)
o, A8 9] H(traction)olH, F, Y T2 2=
&4 5o HAT 9o BY & s, =T Bl A
YA S (bursts) 7134 W3Ktonic discharge)”t At A+
i 2AEE AR AFA R ofygl, isio] Rzt
gt 73] qlo] Ak A AA4=9] AlH(irrigation)olH A
d E70] AR o] Y% AAS B £ Qlo], ofe] At
oflA] AlgHE] &40 tisf WifEE o} Eojxk W

oz HIFArH29].

o,

o Jn

(2) Q4 ZH(triggered EMG)
45 ZATRE A3 YA (pedicle screw) 4142 A&}

L5 Brlolke 90 E ARGE o] AF oY A 5%
ojgtal & &= Qirk. 7]EA 02 LpARo] 9] &4FZ ofr|st
A a1 2 ARIEITHH, #= HAA0]7] wiiol A Y
A A A7|1H 02 A=sto] T AlRrt QI AR
o AgEo] B854 (compound muscle action
potential, CMAP)S JA1717] allxe A 5 o149
A=7E7t BRSHA € ZAoloh wehA CMAP A3/ 2 a3%h
71 e A=EE 7 Athreshold voltage)s 24502
#, B34 EM(pedicle breach) T4 R 5 B7FE & 3l
t}. o]o] B2 HZ7|7L14&(spinal instrumentation) %
B (fusion) F=&olA de] AREE7] A&, 2o H¢
24 AL FF $&(minimally invasive spine surgery)©|
EoJuA Kirschner AX(K-wire)S A=a) 48 24
BAARE sHAA UARE & (trajectory)?] Hee 55 H7t
st ot A3 HHpedicle perforation) $¢of st
731 71200 thsfirl= of=] Aol olFFAINE, oA FA4
o= Hoo] gojH 7|2 gl AHiolh 3 A= 4,8004
9] 85 &S A 1 E94to] 8.0 mA oMY H¢,
99.5%-99.8%2] TEE AREo| H54 <l & YA 2
ool gody, fdEC] =2 ol ARFHeIAAL30],
2,450719] 85 e MO R 3 tE Aqoli= 5 mAE
SERCE AT A AYEES U= 5 Jou AFAE
Aol gt T} 43.4% 2 "ol BARH31]. 85 &
<0 izt A= A9 gl AR, 677719 5 2 £
ARt &t Aol A B8] 6.0 mA ORI 7% 100% WAL
Fo] HEAYo YA, 6.0 mARTH e H9= 28.5%
(214 F 67)0llA HFHEAT EH= o], AZES 6.0 mA
£ A1 710 & AARE vE QIeH32]. f A Ee] AL 7]
2o oA Eot B2 A7t Eash, E3 AAE Y
et HAEAEAE e T SRR A7 S A A
go] UZAof gt A4tk QT Zo|tt.

¢

4) 4= X|=8Kspinal cord mapping)
(1) HF715 X|=8Kdorsal column mapping, DCM)
F7l A ESe BHA R Aol B ofuu, A4
T &2 F5d/ia(myelotomy) Tl SYA(midline)
o] YAE 5] Z= H F-85H 82 & Utk AF T
oA 23t & T FEFARH Barof W=H 9 43%00A4
9RRB[33]) ‘24H7]% oSS Dorsal column dysfunction
syndrome) = &89 5P| A9, A/17347F 24, A
2/ B, ol 55 oPIsks AR, ol HiFEol
A Hpdille oA AR HLFT|E &40l jles
o AX| L Q). HE0] 3%, F8FE78 W (dorsal median

sulcal vein)°] E07F= $7+4147](midline raphe) F-2°]
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U, IS A5 AdFentry zone)?| A7FeH7t FHS
% (dorsal median sulcus)®]7] H&of|, 82t0F FjHskA]
TERESS ol SIS L 4= Slov, T¥Y A, 2
7], £, AEH A4 5ol sl ek X7} el
BRole SQteg o] FEAU FAERN Hpdrleol
o|F4 7Fs/do] EoIth. A4F7S AE3E sk 7=l
WA= F 7H] o] Halgjof gl=H], 200290 TH
AFolMs HApF7ls FES ASstL, 45 WS B4R
(malleolus)olA] e antidromic) SSEPE 7|S5k= v
< AREFIA[4], 20109 AollM= ¥ T 4541
< Aot A e Bl AN 47 nlolA24=4
ZH87M9] HPo g HiAH stainless steel AXEZ )
ol SSEP TE& Ao YZE/S) A=A 7HE & wHgo]
7155 A5 He A9 2 FEZ A7k SdA
(electrophysiologic midline)2& ZAA3l1 &S X35}
AeH6l. 201249 A+ A= 8719 HPHR-E 741 vlol
AR2ATT(strip)E F5F715 Foll YAIs Aok,
Aol SSEPE 7155HHA "4 713(Phase-reversal
technique)'& AH&3l o208 A-dile YRS A6t
RHB). A= APUWES 22 3¢ DCM7IRE 085t
11789] ZAFE, ARESHA] b2 tix<t 80789 2HAte} vl w3l
= 1, $& F HPFH7IT oS o '8&0] DCM 7]
WS o83 FARLoA RolE Hol34], & A 4 A
AP 2 ol A 89FA9] midline o] HEHA| &S 4
% DCM 7|HZ ol8sk= Zo] & & A S /52

Wi b ==°] 2 5 A

(2) Hxl 52 X|=8Kintramedullary motor mapping)
HAPYSY & £, A5 =20 gk F-5HA A7)
A=o] A QbHsty, 7|15 mdE 477t ofgAl Ytk
A A3t IFE o] #[35], E 79| A LFOlA Thefet Wl
= ARl 2R ALIE ol &5 A5 FUE ot oFd
SHA| W2 RIS EAISIIAL St Al=E WHESHITE 20014
Deletis I5& o|28} D-utg &= 7|H(D-wave Collision
Technique)'& o83l &&= ALdloh= 7IHS EHEF=T
[36], FHet H4= A= A AlFY, T A=A o=
WA == D-13¥ 45 A A=) o= St
= AlS7F TRA E S, e HolA Hds] 5271 &
=S, 22 ddeRE et A7 S5 Alo] HE
2, D-139 XIZo| HAAsHA d Azkz o|B2 HIEoE ¢
o2l o] HiRo] axfHog Hpl ERE ET
A20] geHey. FZol= Kartush 54F =247
(concentric bipolar probe)E o83l A4y ¥ ZHE
A ATl ot TE=HES AAFBE S AT

A, QAL DN THE TFFE 7I1STo2H, Tsh
L (High-resolution) &2 AL} & Alg¥stal, TR &
5 7159 £ &4 glo] AeUEFE AASH Alo]A7} W]

715 SFATH3TL.

5) TolfHAMIZE A bulbocavernous reflex, BCR) ZA|

THAATEAL ZAIE ¥4 B Hurogenital reflex)
329] HAARI integritys H7F 4= A o1, THAEA
J HARIEE S2-S4 o] 47 ARE BUF 5 e
435t gddolct. &<U¥(conus medullaris), EE{(cauda
equine), YAAIF LG 7|(sacral plexus), 254173(pudendal
nerve)= 3Rt 919 oA E8E 5 o, A=E
Aae 9489 A= 28(penis)oll, 949 A= 23
(clitoris) & ti2<(labia majora)ol] £&otal, gFETF
Hexternal anal sphincter)°]l 71582 A8 o8 7]
2314 "t} 19979 Deletis 150] thofdt £59] A3xps
2A}of| A BCR HAIE AlEsf(°lE 4, 0.5 ms duration,
20 mA intensity, inter-stimulus 3 ms), 3240 & TFS
Aol =& F AAE B3 A7 23 EHE ol
(38], ZUE P 243 0gS A= AT 249 Ao
gk & o] AIFEUTH39). 1 Ay}, @A HHskE
A= B9 A= 40 mA intensity(F7-5°] et 5-50 mA
2 ksl 8, 500 ms duration, 3 ms inter-stimulus
interval, 4-5 pulses® & oJAX|1L It} AA] BCR A 2
I7F SR i T HiTR 7159 AHE dS5T 5 e
Lol tisfiAl= 2 ds0] A=, gt Aol ihEH
untethering &4 BCRY] &d A4S A1 7j&oz 4
%= W, & 5 BCRY HaPl == 6719 + vk 7|52
d&sh= © 88.5%9 w2 E°|=F5 74 BCR A4S #-&
A= AANZOY, Lo} SRS o R T A o [40],
ofz] HRl& o2 3 BCRY XA /A=2 7420 tigh
A= gl AHolt

2. M £20M INMQ| ZIHX/X|EX JtX|

A 23 &ollA] 7122 0= SSEP 9 MEP A= o]
AREEI, 11 Q] o] FAIZQ] e 9 fix|of wet 7]
g g TR MIHEE Foke ZAZ 1EsHA ot
(Table 2). INMQ] ARl HAL alF 4AA &£4o]
Hgol= 2 27100 Ads] wgstal, 3= 0= $Rte| o
£ 7RAAIZIE Aol7] wiel, 3 INMo] okt S579] &
F oA AA AFA S48 AW (diagnostic
Value; X194 712]), SE}9] o F A1735HA AJe] 7R4do)
J3FS v|F=A|(therapeutic or preventive Value; X523

7E)el Hish A g2 750l olFFL, £ FEOfA= S

=
o
RS
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Table 2. The applicable intraoperative neuromonitoing tools according to the type of spine procedures

Operation SSEPs MEPs(Muscle) D-wave EMG Cord mapping BCR
Deformity correction . o 4 s ~ 5
(ex. Scoliosis surgery)
Decompression/fixatioin/vertebroplasty ++ ++ - ++2 - +3)
Tumorectomy (intramedullary) ++ ++ ++ + 9 43
Tumorectomy (extramedullary) ++ ++ +) +9 )
Procedures involving S2-4 cord level ++ ++ - + - +

Y D-wave monitoring showed a relatively high false positive rate in the deformity operation cases [24].

3 The integrity of nerve roots needs to be monitored in both types of operation [29], and in cases of instrumentation (including screw
insertion), the triggered EMG can be applied [30].

3 Consider the BCR monitoring depending on the location of procedures.

9 The dorsal column mapping can be used when the anatomical localization of myelotomy is not available [34]. The motor mapping
which is similar to triggered EMG regarding the basic principle, helps to preserve the function of motor tract [37].

%) D-wave monitoring could detect the neuronal damage effectively in the cases of spine tumor (intradural extramedullary type)[46].

® The procedure could increase the risk of nerve root damage depending on the location of lesions.

SSEP: somatosensory evoked potential; MEP: motor evoked potential; D-wave: direct-wave; EMG: electromyography; BCR: bulbocavernous

reflex.
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Table 3. Evidentiary studies related to diagnostic/therapeutic values of the intraoperative neurophysiologic monitoring in spine
surgeries

Eg::;se ni‘::{)iitz] Operation Study design l;/[n(:)rg;;)ﬁ:f Results Reference
Diagnostic value
I 2015 25 Tumorectomy Retrospective ~ SSEP/MEP MINM has 100% sensivity, 91% specificity, [47]
(Intramedullary) Free-run  60% PPV, and 100% NPV (using all-or-none
EMG warning criteria for MEP). ‘All-or-none’ criteria
showed the higher accuracy than ‘>50%
decrement of amplitude’ for the prediction
of long-term outome.
I 2015 75 Cervical spine Retrospective ~ SSEP/MEP  Five patients showed the loss of MEP during [55]
surgery Free-run  neck positioning. Four of 5 had compete re-
EMG covery of MEP after repositioning, but one
failed to recover resulting in the post-operative
neurologic deficit.
11 2014 1,162 Deformity Retrospective MEP The new warning criteria (>80% amplitude [16]
correction reduction) yields a very low false-positive
rate (0.26%) and PPV of 83.3%.
Il 2013 103 Spinal tumor Prospective SSEP/MEP D-wave was feasible in 97 cases. A stable [46]
& myelopathy /D-wave  D-wave recording correctly predicted good
motor outcome in allrecordable cases. The
one case which showed the increase of D-wave
amplitude during the surgery revealed the
improvement of post-operative motor function.
I 2012 175 Deformity Retrospective =~ SSEP/MEP MINM sensitivity/specificity; 92.9%/99.4%, [45]
correction MEP alone (warning criteria; >75% reduction
of amplitude) ensitivity/specificity; 91.7%/
98.8%, SSEP alone sensitivity/specificity; 50%/
95.2%.
I 2007 52 Cervical Retrospective =~ SSEP/MEP MEP (warning criteria; >80% reduction of [3]
myelopathy amplitude) sensivity and specificity were
100% and 90% versus 0% and 100% for
SSEP. The PPV of MEP was 17% (5 of 6
events were false positive).
I 2007 1,017 Spine surgery Prospective SSEP/MEP MINM sensitivity and specificity were 89% [56]
Free-run  and 99% respectively with 8 false negatives.
EMG Lumbar spine decompression operations accoun-
ted for 40% of false positive cases.
[ 2006 57 Laminoplasty Prospective MEP No cases showed the decrement of MEP [57]
during the surgery, but 3 had post-operative
C5 palsy (transient).
I 2004 427 Cervical spine Retrospective ~ SSEP/MEP MEP sensitivity and specificity were 100%, [2]
surgery while SSEP were 100% specific but only
25% sensitive.
11 2002 97 Spine surgery Prospective SSEP/MEP  The 16 patients revealed the significant signal [44]

change during the surgery. Six of 16 patients
had new post-operative neurologic deficits
while there were no deficits in cases with
normal waves during the surgery.

11 1995 51,263 Spine surgery Survey SSEP True negatives ratio was 98%, false negative [43]
ratio. 0.13%, true positive ratio. 0.42%, and
false positive ratio. 1.5%.

I 1989 20 Cervical spine Retrospective MEP One new postoperative deficit was predicted [42]
surgery by the complete loss of MEP, while 5 cases
showed transient attenuation of MEP without
the post-operative neurologic deficit. (sensitivity
100%; specificity 74%).

I 1984 137 Deformity Retrospective SSEP SSEP deterioration were seen in 69 cases. [41]
correction The new post-operative neurologic deficits
were obtained in cases of the sustained
worsening of both amplitude and latency of
waves.
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Table 3. Continued

E\C/;::Srg:e Year n?ltrlrlfi)zcrtzl Operation Study design l\r/rll(c))rclilz?izgsg Results Reference
Therapeutic value
[ 1988 295 Thoracolumbar  Retrospective SSEP The of 145 (6.9%) control group had new [58]
(150/145) spine injury post-operative deficits, while one of 150
(0.7%) developed a new deficit in the moni-
tored group.
I 1993 171 Decompressive  Retrospective SSEP No post-operative deficits occurred in the [48]
(51/120)  surgery (OPLL) present case series with SSEP monitoring,
which was superior to histrocial control groups.
I 2006 1,445 Cervical spine Retrospective ~ SSEP/MEP MINM detected post-operative neurologic [59]
surgery Free-run  damage in 2 patients out of 267 alerts. Eight
EMG operations were aborted d/t significant EP
changes without any new deficits.
I 2006 100 Tumorectomy Retrospective ~ SSEP/MEP MINM group had better mean McCormick [23]
(50/50)  (intramedullary) /D-wave  grade improvement than control group at
3-month follow-up. (+0.28 vs -0.16, p = 0.0016).
1 2010 32 Spine surgery Systematic Very low-level evidence; Intervention itself [49]
articles review responding to an INM alert during surgery
reduces the rate of the development of
neurologic damage.
I 2012 720 Cervical spine Retrospective N/A Only three patients (0.4%) showed a new, [51]
surgery transient post-operative neurological deficit.

Cost savings was estimated at $1024,754.
I 2013 12375 Spine surgery Retrospective ~ SSEP/MEP  Intraoperative interventions made improvement [50]
neurogenic in 360 alerts out of 406. One patient revealed
MEP, a new deficitcompared with 14 deficits of
Free-run/ which alerts failed to recover after inter-
Triggered vention. (MINM reduced the risk of develop-
EMG ment of neurologic deficit from 3.1% to

0.12%)
11 2014 76 Tumorectomy Retrospective ~ SSEP/MEP  The use of INM did not change the result of [52]
(50/26)  (intramedullary) the rate of gross total resection or the neuro-
logic outcome.
11 2017 101 Tumorectomy Retrospective ~ MEP, SSEP There was no statistically significant difference [53]
(41/70) (IDEM) in the rate of new postoperative neurologic

deficit between the monitored and unmoni-
tored group (10% vs 14%).

U This is applied to according to ‘North American Spine Soceity’ standard [60].

2 The number within in parestheses indicate ‘the number of patients with INM/the number of patients without INM.

SSEP: somatosensory evoked potentials; MEP: motor evoked potentials; INM: intraoperative neurophysiologic monitoring; MINM:
multimodal intraoperative neurophysiologic monitoring; PPV: positive predictive value; NPV: negative predictive value; OPLL:
ossification of posterior longitudinal ligament; N/A: not added.
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