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Intraoperative spinal cord mapping during spinal cord tumor surgery
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ABSTRACT

The main treatment for most patients with intramedullary spinal cord tumors is surgical resection. Intraoperative neurophysiological monitoring
can be applied in this case to reduce the risk for the occurrence of postoperative neurological complications. In addition to motor-evoked,
somatosensory-evoked potentials and the bulbocavernosus reflex, which are applied in various spinal surgery types, ‘spinal cord mapping
(SCM)’ can be used for intramedullary spinal cord tumor surgery. Two examples are the dorsal column mapping before myelotomy to
determine the electrophysiological midline, to attempt minimizing the postoperative dorsal column damage, and motor tract mapping to reduce
the risk of motor-pathway damage during tumor removal. Our review explores the research published overseas regarding these two mapping
methods, including technical aspects and key points in the mapping application. Although SCM has not yet been established in Korea, its

application is expected to increase soon.
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&4 2APFA 94 A=27t =, dF SRpelA AR A&
7t Gl A A HeH3, 4] %Y AR, e TF IR A3
Z29] &4fo| E7HEE A7t =T, AEA&(gross-total
resection)?] 3¢ $& T AT St HAYSH= HlEo]
5%30% HE= thgsHA HalElo] fH5,0]. = & 4175t
A ALg 2o)7] Hdll, #&54FALA (intraoperative
neurophysiological monitoring, IONM)7} 2= EQ=H
A A Y FYNNE & F A AlFol] IONME]
Ago] FHAR] ANE H|A|= A= oy AFtIIF o5k
HaEjo] SrH7-10]. A9 thFES] = o] 7|EHo=E

AL 2% 99 Q(motor evoked potentials, MEPs),
A7 A Y (somatosensory evoked potentials,
SSEPs), AR A% (free-running EMG) 2 9] 9
A5 1} YR ol F7HH0E AlfEE FofHAlE
BEAHbulbocavernosus reflex, BCR) ZA] @Jol=[11,12],
A4 A7h&(myelotomy) 2 $2W FF AA IFolA 22t
718 (posterior column) ¥ IAZHZ(corticospinal
tract)d] £4& FA4sklr| st 24 X E3Kspinal cord
mapping, SCM) ¥%= ZoJoflx= Z-8=1 ArH13-15]. &
TN = FHlollAl= o] 27] DAY, 3 gt Aol
w2} g8 HeL Hold Ao 7|t trAR] F5 A
319 S5 9 9, FE AE Al FejArdel His) thEE
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1. §I7IS XI=sKdorsal column mapping, DCM)
Ao AU Sl Aol fsiie 71EH 0w AxE
AR E0i7= Hedrle o] asHA "ot o] A%,
SiRetE o g A FlKO| 29 7T Alo] FXhE Aol Al
StA ==, 9o g SRISH A 7F wo| A8 E= o)
Bk 7]&4o] HA3=158M(dorsal median sulcal vein)
o] Eoj7l= 7M€ 7 (midline raphe) & 52, k= Al
735 2R entry zone)2] H7RH| Aol =Ztt. oA
gt o] B, AW TF B 27, 9 9 Aol o=t
oA Hol= siRelA F29| o] dojuf {eto = &
o] ISAY, FAHe Aol o|F4 &= Sltk= A8
o] et AAR H4 A TF AAsCIN & F A
d ‘F$ FH7le oSS dorsal column dysfunction
syndrome)’©] BHAJS= 19 H]Z0] 30%50%% =A H
TEJCH16]. F7eS 7IsHoE Y] s 2 1f
A B2 XS5 HEOoE Aok TEE A8olu=, o
TREC| £44E S s 15 44, B, ol
A7 55 34T 5= Utk AA|R DCMo| & & A F7]
(o]

Vd55ae] B8e E°le Hl aFAAA] tishM 2012

—

Ao k2 80l TARE U & & TS A o
£ HZPS o, DCMS Al IFNAE= 9% T4,
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1) Dorsal column mapping(DCM)Q| Bt

DCMY] 2 A=/715 A=9] /1A ¢ A= whiof| w}
2t A Al 7HA] B o R E 71sol™(Table 1), Y3#E <
Az AsEH ofjel Lt

Table 1. The comparison of dorsal column mapping methods

(1) =48k somatosensory evoked potentials(antidromic
SSEPs) 7|2

20029 ] HHEEQH AFoA ARSSE Mo R S
£ AF0k, FF BEAR(malleolus)ollAl T 7|E5k=
"ot 18], ==K bipolar electrode)s ©0]83l &4
H71% &2 A=5lal(intensity, 3 mA; duration, 200 us;
frequency, 9.1 Hz) Bks A=E |85l &= WS SAME
4] SSEP & 7183 25 F715S AFshd 95 B4
o] wHgo] PAE L, FHS F7 5= A= 25 AR
olA nlego] Fd== WA, S A (septum) A=roHA
= JZF oftjolA = ofgo] 71FEA] QA Eof, A7]A¥est

A Fde +4E + A Ho

(2) M8k somatosensory evoked potentials(orthodromic
SSEPs) 7|28

20104°] Yanni J350] WS G to| A ARESE iR
oF20] H73A1A(tibial nerve)S A58, 404 oHdS
7155k ®oltH19]. 718 A2 F 8709 thrd=Hmulti-
electrode) 2 & °]FZ AR Kgrid)E °l-&Fth= ol Sold
o], o] 718 XM= 5ol AXAIX AHjollA F&Y] B
AL Z¥2F A5 (intensity, 40 mA; duration, 200
us; frequency, 13.3 Hz; 100-200 sweeps), TFS A}
o 7P & P = 715E AR A Al 1 A
FYAHCE T 4= ITHAE =0 & B34 X
Al, 451 AR A Fdf ofego] 7=, & 74l =
Al 39 ARl A | wigo] 7S THE 39t 491 AR} A
0|9 FAHE A7 PR k= Aloloh.
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4
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of 9Jsf| &7jE WO R o] K] 7 de| ol= 1
Holgkar o 4= JItH20]. g A7ollx= HA] 8709 HAH
(contact)Z 7= AFHF AEH(mini-electrode strip)

Quinones-Hinojosa’s method [18]

Yanni’s method [19] Simon’s method [20]

Direction Antidromic
Stimulation location Spinal cord
Recording location Malleolus
Simulation intensity 3 mA
Stimulation duration 200 us

Stimulation frequency 9.1 Hz

Orthodromic Orthodromic

Peripheral nerve Spinal cord
Spinal cord Cortex
40 mA 0.2 mA
200 us 300 us
13.3 Hz 3.17 Hz
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= A5 g F90] FAAK F IR T e E o &
WFog FA7I U= A5t (intensity, 0.2 mA;
duration, 300 us; frequency, 3.17 Hz), TZA(CP3-
CP4 ) T3< 7155190tk 1 4% Sl 1] ol
A= =(phase reversal) 40| TAEE=H 1 Afo] A|Ho]
A7) S0 sigdittal & o= A 22 ARE
2249 &, S PAS o B2 IAE0ln=12) B
HEPE=, 8AA O Z median rapheE F&
5759] 2t 5 475004 S o8l A
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N,

oy, 178k S/5 glo] A2
HrH13]. o =& AtollA 9
2 712 59 AR} R0 E wkt HE
A A o] WHS AT FA| A=l AR
2EY il FARPE o= i A A=
Z=7](bipolar stimulator, hand-held type)
At o= APATF AEYHQ AL, vlAsHA vFs
FHO|| YHA7AA A EH0E A= | A5
AEo] AZE FAIsH] Aoiae B2 ARG e
the A Aido® aH|lgolgke Trlo] 7]
wolth. = WAz, 715 Aol CP3-CP4 Al o]
CPz-Fz AdZ F7Iol= Aol S5l oo |3l=H], ©]
= A= ArTt oAh B AS, I 7710l sA6l A=
HHA YeElE= AFalH current spread) @ARS 7|
AaliAch. ARug Aol WASHE S (porlarity)S] A4
of 9s] CP3-CP4/CP4-CP3 Ad9] g2 oFsfA|HA,
CPz-Fz 49| nfg2 AAA == vhd, 2get A= 3=
o8l AFuEo] gl AElolA A7182EE FdAl 24
o Aeoll= F Ad BFollA oiado] oFsiA|A Hrt. uhA|et
O YUolFop & Fa3 NFCeE AFE Zo| ‘negative
mapping 19, H4=&0)A negative cortical mapping 7|
& A&k AT HIE Aol & 4= QIHH21). FHS
X9 EX RES A=3t 5, SSEP o] FAER] S
SRRl A7 F1E 2ok ol Eos ¥ the 2R, &
5] AAHIR] FFol A& pial surface) HEZ ol fIA|s}
= 7%l 2718 srH o2 Hes] E21E median raphe
F2HT} negative mappings 5of E0lH FES HA/HEY
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2. X2l =2 X|T2Kintramedullary motor mapping)
DCMET} ob7] ghiishA] o] A A= il o, EA)
& Al o|FA= HA/gAs} A=K cortical/subcortical
mapping) A9, ¥ FAHGEO| EAfo] 2% T4 2]/
THHAOF o] Bz A 59 Beoie S8t =

oFa R0 7|de Geoleta & 4 ek 55 H4: 41

W 49 A= % A HY7T Al AJE(survival)
gy} s o] Qokal g#A Qlolle], st B
Es 28 AASR= Zlo] "Washy|, o] AL $& F A1
2 AL Eo)7] A8l A5 52 NS /-85 28
= 4= Ak oA BH3lE [ONM HHHL of]ojA], of7]A]
L AAE 83t Aol st £ v ES 511, gEo] A5
Astof| Qlo] JFHo R e a3t ol F2 s, A
153t 254919 1+ 9] ZY(generator)ol o

ol U2 o]F EFIQIl A= o]-83t A3} ofHof, |
A IEEYH G EfRl A5E Z83t ALt AE HA
ATHEEE Pt A4 222 JH0E A3} 8] w5
T8 AHRS UL} H &2 FREC|HE, ISE vlA|
A high-resolution micro-stimulation)o] A&3%t &=
slof] 52 Zolt}. vlwA 2o Gandhi IFAIA EH
st 3 H1E HH(14], A A-PF cervicomedullary
junction)°] AT A =AY G HHS AASKH= &
&ollA 7]&2] MEP/SSEP 4] 9lof Kartush AH=715 &
g I 2AEHE M R AXIE AYstth
Kartush A=719] 39 9= A=7]2, 0.1-1.0 mAY] A=
A%, 1.0 ms AFARICE A= £, 7} 5FA] 5of|A
s 90 AT 9 7|83 ofid oA 5
FH IS804 7ot wyo] FAE FF B FARAY A
S o AASHA &1, AR F AR e TR, A
L £ 5o 50k sAF oY, 7 T A SlEE
At} o= e F AH FHFTS HadlelHA FUe
AR Wl Hditte s AAsts £08 B&H0=w A
Awots 283 Azt & 4= i

471 ArlollA 83 1 FEjQ] A7] A= 7(standard
type probe)2t ThEA| A&H 02 W AHL2E AAZE A
Sl FHIE e T4E E8% A% AVRE BF ATH221
HF2 CUSA(cavitron ultrasonic surgical aspiraton)@ &
g= 255 FWNE ol8dl 5 AAFERYY IHAFEE
(proximity) A&H 02 AZsk= ], o] W w4
%o A= oju] A5} A E8Ksubcortical mapping)S A%
o o, AHRR AE AAok= ] &S = U= E
50] T IATH23]. YR AR CUSA] 9Jeh 5%t
S SMHO R wyS Bl Aok ZARRE ofyzt, Yo
oA 27 © BoloH &a2E B3l AAlR=ER17171 o
AHER0] IFLE A7 SRl = 4) B Al
T skoicH24]. ERI7IE ol8dt e 1 A7) A=71%
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H| sl ZA[SIIA} Stz A 29| SREE AEH0E A
o 4= k= o] Aol s AtollA AFARES CUSA
£ &85 A=5 o, 3719 HA(interstimulus interval, 3
ms; intensity, 0.5-2.0 mA; duration, 200 xs)& oA ¢
A EFRA(train)S T-EUH22]. AT 27]o= HegolA
2 A=A HE(5-pulse; interstimulus interval, 34
ms; duration, 500 psE A-&5=tl, UF ANIg B3-S &
o|I(FoEL HAHFRAA AT A7t SleolE &
Zo] €3), A= HH FiKstimulus artifact) 7F A& 0
2 Z2A YLl I85k8o] 7HAl= A0 o, 47 A=
ARE F74THL gt ol= HoA Q] mdHzRE} AR 7]
& 1830 AR F4FY feivke Atdos 7
7] 2L AHoltt. EE o] 231} V& E-&30 3o
opA] 7hAstal AtEojop o FH2 wol ot & 4= Ut
HA FFY] Hoigh Pt A= BEHE ST S e
A e E 7= AFA R Aol 94 I35l
oA o] mdst A|=oe] A, vl S B9l I
g F< 71sA ohs A= A= FA|(threshold)2t A4
A A=FEQoA FAHFETR| 9 A(ZHE)ZHY AT
FHAlo] gt A=A 24o] o|FR AJeX|TH25], FHgr &0
Al 1" Amrt oFA gl AdEelth TR CUSA A|=3}
= 7129 2EA IONMI} 5A| A= =71 wZe], &
B Hio} 7hAA ARESHA Hedl, A ofd AR
2IE e F ABAL &4 oFES s ojA B A
9 2AY Tt AR ARZAE, & dH=2 BoiA B
Aok & "Qar} 9t}

2) 0|z E3|2l(double train) AF=2 0|25t X|Ta}

2] g 7o, o] 7|Hel B4 | A
28] s offel Ut 4 252 Azsle] glof, I
AHGE olo] 2SN THENEE F4 716

SO e AR A3 ek, T A9E gEshe
Zo] AEsfe] A4S ol o S F23 Zolck. 9%
0] 49, A= A5 4 AAY WPt Zol=k o
ol 942 % 9] WEolet. o2 ARE B AT ¥, 7=
L Tgo] SEAAR} ofd AR 7| Ushe Als
7RsAo] ThL FASRe ATATEE USTR6-29], UA
2 94 AFUY ARt Al Bol14] G sg s
27 A2 AFELEAC] gl A8 Ak AT
£ TH30L hEACE S715S AR A9olE A
28014 TS 718 Fsstekn FeiA lol, ‘WAHsE
A3} H1E AT Alo]e] o] |9 Fa3t RAETL P
% A

ole} #AS) 20184 Deletis ZLE0l o8 HHY A=

ook

AHEH F 3259 HpTAA a2 B S WY
O XYt AR, I A=VIE 47 ZAAFES} F)E
S A=BEA(intensity, 0.3-5.0 mA; duration, 500 us;
interstimulus interval, 2-4 ms; 3-5 pulse) AFA] =5-0f|A]
o] & vl BEASIATHIS). A7 F TAR WA A
P, A AR oA dSHE R 7Y EY
(single train)’ A= 1L 43S 7|55 o, HEHs
2 AT S 94%9] Al wgo] FAEUL, F7lE
A=9] 735-= 80%2] T4 niego] F/dEE ERlsHt
A0 =2 HIER F715 AFAE AF| 504 254
9l T IS 4 AeH, o] AF HEAARE A5 /&
7} vl Yy ZolHL FE7|7F § Aick= Aot
(A 255 9F 3-5 ms, oFAl &5 9 3-9 ms). T HAR=
YT A B FAE ARSSE, 9 EdRlo] ofd olF
EgZl(double train) A=< U=, HAHFEY] HS
© F 14 A5l A WA A=53} 5Ue 2] wyo] 3
e ¥, 715 =9 A= F 1A AF Aol 1go]
PR At SHA|TE AL AFH o R F(spasticity)
o] AFH A=, F7159 F A4 A= Al wHgo] A=
=i, A HA A=Faks geds] o2 2] mkgo] 71EE
o} A=t o] At ZIE v R T e, AA =&7olA
A 5= NS0, A A= B A= 5
AHERIA] Hog 74, o] HE ol&dfi(o]F EQl A}
=), 5L4et FHQ] TFo| 7|1EE=A RS sk Ao]
& 2ol E & A AR diF ATt A9 71HS
A o ‘centrally activated H-reflex’ 2= 8015 A&

Fig. 1. lllustration of the centrally activated H-reflex. 1, cortico-
spinal tract; 2, dorsal column; 3, branches from the dorsal root
ganglion synapsing with the alpha motor neuron through inter-
neuron (polysynaptic arc).
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SFAetlFig. 1), HEHFE AL FHF 02 A4
E(LT-&FAFAE, alpha-motor neuron)E E4SHA]7]
= ¥, F7ls AS2 24 39| Alo] A E(inter-
neuron)E AXA = BA% (polysynaptic) 325 S|
AN RS SEAZIA "ok olEoth © AA[5] A
HY 5715 A= guigko g 7217 A(dorsal root
ganglion, DRG) MIZ& SEA]7]1, SEY DRG7} ¥=&3}
& 2197} 34 g% 02 Bolol A ANE BYS A
A FEABAEE A=6HA "ot 2Bt Y, mddeg2
A A=H 71 FE719 A &
= 0k 9ol 9 2 2ol
1 OF% ESI9L 213 Ao B9 ) U248 60 ms2 43
e A%, ol F7ls +2ES g 5=l ofgt &5 &t
59 49+= 3E717F &F 70 msolL, %ﬁ%’_} 3lEo= =
150-300 ms7} A8=E ¥, TAHLR0] F9= 357
7} 60 ms A2 Zrial ¥l APALE TGt Aot
31]. AP AR FZo] = B F7leY FHA
A= Al A A =3k v 2] wkgo] FAENE A
¥} B, B0 WAsks HEAE ol Afe] 4l Al
ST S7PF Belsh] wiizoll, A2 gRelA= A WA A

7] A=l ofsh ZEt Aol MRS SRETE o -S| FA]
HHA F A A=A e o5do] 715E 4 QS AR o
AXIet.

E-37|(refractory period)
o] A wiizofl, s Aol

2) D-ItY B=
=2 X3}
D-1H A= U g5 eI E e o 4, o
GEER = Foke FAMOlAR, FooAs et 9
A oA EFSABAAAL 83 0= 9y o]
|51 JITH32]. D-TFL 1954 ¥zolollA &5 Ao
A7) A= 7S o, AR fd3eRe] HE A
&55 71R)& 22fast conducting axon) & &S
= lthk= Aol HeAl olAi33] SR de=E A &0
A BN A7 &, Ag 9] StolA Hg= EH| 7]
455 A XA, HE 71 HE & (rostral) 2 A7E]
E{cauda)olA B 7185H "ot AHAE AXA] 2
3go]7] e, YR o g A Foll FE WAl ¢,
A wA-e= AR ], 2R HlES HHgsks T30l
71 sh}, HAALZ O] 7|52 4 & uielst 4 Jkal oF
A UH34]. D-1go] fAHLRE ok S4F AR
T2 A HHgslks TFolghks A ol&dl, AgolM &5
2 A& D-1 F= 71 olghs WS ol8ske A
7 HREQUTH3S]. F5ol YA H4 A 5 A 18
B WIoE A ot dAollA AR A5 A7 A

7|#(D-wave collision technique)s &2%t

== FA H % HHY 99t ool D-1E 7153t
JJ' A, =2 A4 #HS Y SAlO] ATt =
AF71E ol-&sto] 2] meEjEoA =3 intensity, 2.5
mA; duration, 500 gs; frequency, 1 Hz). ojuf gtoF 24
ZollA A A= AR wEAFEE, YollA] o
2 Y#e+= D-H3H A=E FE5H =L, o] B TY 8
HO| HE&oA 7|E=E D-1Hge] ZZo] o|dELt 2HA
71549 Zo|thFig. 2). D-13 FE71HS 9] AAoA A
EAE A A= T AR IEE VEEe 2k ﬁJra
= Aok Ik oA ohE WEgo|R|el He T 5

T35, SRMe B AHol REEIAE ERishk= Aol Jé
8 off £ -85t A2 5= U= 7Iol7]oll, ¥ D-
oy ZAZE SHolA 7hssiAE, &ds] 48E Ao 7]

a=
w) Aot} vlws) B4 At Fohe AT g, HEt
As|A 9 Ak ofmlof s ot AATE|ofof 3 g0l
Be Hoet @ 4 ik AtjHow tept A4=7} 2
Hol gl B4o] SjReta B4 38 A, 7129l A7
4 A& WAk Slo) AT AF/A BgS 875
L of5}H 507} okl F10% o v, A Yol A
85131, 71 Ago] oigt tieat el750] A=K 0w ofgHof
& ot
TES
l@ 5111 (1) Negative mapping: Collision (-)
s1 D1 S1+52 . D2
U\(. U\r
SPES . . .
(2) Positive mapping: Collision (+)
Recording G S1+SZ o2
1 l\ -

Fig. 2. Corticospinal tract mapping by D-wave collision technique.
D-wave collision is accomplished by simultaneously stimulation
the spinal cord (SpES; S2) with TES (S1) to elicit a D-wave (S1+
S2). Right above: Negative mapping results (D1=D2), Right below:
If descending D-wave collides with the ascending signal carried
antidromically along the corticospinal tract, this results in a
decrease in the D-wave amplitude (D2<D1). SpES, spinal cord
electrical stimulation; TES, transcranial electrical stimulation.
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