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ABSTRACT

Spinal cord cavernous angioma (SCAA) is a rare tumorous condition that can manifest various neurologic symptoms, and most lesions are
needed to be removed surgically. However, since the SCAA is positioned intramedullary, the tumor resection could have a modest risk for
the development of neuronal injury. Intraoperative neurophysiologic monitoring (IONM) has been widely accepted as an effective tool for
detecting neuronal damage and predicting postoperative neurologic deterioration in intramedullary spinal cord tumor surgery. Here, we briefly
report a representative case of SCAA surgery with IONM, which showed the different patterns of electrophysiologic change in each lower
limb, followed by the relevant postoperative neurologic states. Based on this case, we could confirm the clinical significance of the application

of IONM again.
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A4 AT E3E(spinal cord cavernous angioma)
AA A4 3 7)Y (vascular malformation)?] 5% 12%=
A A= vl A T Agto g tirf9] ¢ Trie] L84
st oz, tham 24 ol 59 AT S48 fEst
3, &8 A= B4 ddKacute deterioration)S of7|Sh
I ItH1l. A1HeH Aéo] WAsh= A9, 2= a4 A
AE AesH| =t 9E F4 AU S intramedul-
lary tumor) A&} vRIZIKE, AA 378 ZAA7F 714
o= A7 &FE IS 4 Utk

Tt A3/Ha Aol 2-5-F A l(motor evoked
potential, MEP), A2 9l(somatosensory evoked
potential, SSEP), A/ 2 A (free-running/triggered

electromyography), T-sllHAZRAKbulbocavernosus

reflex, BCR), ¥ &4 X E3Kspinal cord mapping) 52
o] & % X134 ZAl(intraoperative neurophysio-
logic monitoring, [ONM) BS 2-85) A4 &4
AXZE ZABLL, e & AFFEHY o$E &5k H B
o] H &= Qltk= &+ Aaf=0] At Aol 24 FHE A
H=[2,3], F5 i S8 e e F5 AU $F
e FU HOo R A-go] 7hsshlt. AT Ao
£ & dglolg), A= 4R H5 sy Eds =
= EA, AA H5 AW FF 150142 IONM &
o st A7+ FeiE olFH 4], FHEHLE H gt &
FEol|412] IONM H-8of 3t A= Ftoflof At 5F
A B At Fei= SREEQTHS]. & AR A siwid
AHE SR 795 SHA|oA AR TR HiEle] IONM Ha}
7h A, T wet e & AR ST 95 5HA0
Aget Aol E HAd SHE AR, dAlA F6kaL
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A} 5= IONMO] oo & H3iateka sieelo] o5 Bust
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A 714 Agkgo] I 294 FAPF oF 19 Z5E Y
Slo] A|&EE B50E MY UEolgith 5 VISR E &
HEEL7MA] 42 A2 73 §50] BeAdoE ARG
5telal, 0|2t $ 45 SR FolHe X2t S5 A,
o Aot B & thEjo] flo] whxItkar stk 89= &
AR A G, oA} thEA Fto] E=thal st3ich e T
Al A73A AN, S5 5] A9l MRC 57 4= &9
o] Ast=|31al, FZA T4 M olst= 55 T Sl
gk 72 Asprt AQlth 459 5 U=l Ak 3
Zl=]o] QI

H4= MRIOWA= T5-6 #EolA oF 3.5 cm 37]9] &%
4y ¥¥o] B (popcorn appearance), T2-733 34
oflA AASAES] ‘Wrim) FH L T1-FE2F/dolA 124

S o] Aol 1AL, Aulet 29570l FHEEC] o]
Y ore e dud B A= AHFig. 1-A,

1-B, 1-C, and 1-D). $&k= 471 &40 s T4-T6 ='E
oA TF@A|&(laminectomy) D ZUA|AES ALHA
ot s Z23xE(propofol) 3.3-4.8 pg/mLe} FHv]HE:
Y(remifentanil) 0.5-2.5 pg/mLE ARESIo] L7 umis]
2 AIF5FE A, ZolAAIQl 2FEE(rocuronium) 40 mge
713l ogE 18] 4K} IONM2 Xltek protector
32 IOM system(Natus Medical, Oakville, Canada) ZH]
£ ©]g3ll, MEP, SSEP ¥ BCR TAIE Alst%ct. MEPE=
A% A71AZHtranscranial electrical stimulation) ¥4
o= =A 10-20 A= #ixHof| w2t 2k SA 9 C1
C2o] §AIRF H=2 Bl AFsi] 45 F2dAEEE
(abductor pollicis brevis), A73%={tibialis anterior),
FA1Q)AX(abductor hallucis)ollA 71Z3FHTH250-280 V
A=735, 53] BHE HA, 50 pus BAE, 2-4 ms A=7HE).
|-9Julst MEPQ] 711 AZ(warning signyx= MEP ZZo] 7]
T3 (baseline) tH] 80% oY #adk= H-&E Aot
t}. SSEP= ¥5 B4 383 A=l F25
FuAZOo= stof €3, C7, C4 oA 715319H15 mA A
= =R, 20-30 mA A= A=A, 0.3 ms A= Zo,
2.31 Hz A= Rl%). SSEPS] Foju|eh Al A= 7w

Fig. 1. Pre and post-operative spine MRI. Preoperative spine MRI revealed a 3.5 cm-sized heterogenous signal intensity intramedullary
lesion (white circle) at upper endplate of T5-upper T6 level including dark signal intensity rim on T2-weighted image (A, D) and
high signal intensity on T1-weighted image (B) suggestive of mixed stage hemorrhage. The lesion showed minimal enhancement
(C) without perilesional edema. Postoperative axial T2-weighted image (E) showed a definite high signal intensity area suggestive

of spinal cord defect at T5 level.
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=] X1Zo] 50% oV FASHAY IE717F 10% o1 Eolut
7392 A5}t BCRE & 04 71&ol =2 A
== $AAI71A, o]Er} 7150 EﬁA AL AAIRL
5414 (pudendal nerve)& A=l G5 QFERE
oA 1+gS 71=3FHHE5 mA A=A, 43] W HA 0.1
ms A= Zo], 500 Hz A= ®l%k). BCRoY| gt A1 A+
71Ee 4= E= FE0149] BCRY AA=E Aottt
& AR Al FF SHROIA % MEPS} SSEP= 54
o2 7I1FEou, A54E&(myelotomy)E AL &
o7} B ¥l E AIASE X] Fu AuA] gkof, k= s1A| 9
PTSEPolA BL5 7|5 Ty ofu] 50% ol AFo| A5t
(Fig. 2-A), 5 73A4ES 2 2S5 FAYATNA 79
o]k MEP Z1E 34712 34 tiv] 80% A7t T=| ot
(Fig. 2-B). ol FJxolA L5, Tt & A59] {9
ulgh Hsh oh Al st 9 7)AE 24 59 7hsdE &
QefEtoLt, o] AR glgitt. EST Aejalds Al ¢
7] AN A2 5= XJ@H‘“OL} Hol= g9, o3
5 AA 27] DA, = %ﬂl &S APotoirt.
< Aot s L}ﬂh 9% 5129 PTSEP:= 21Z
o] JEHI, = @7@%4 MEP E3t XZo] L% 3
oy, &9 A= edl8 & ALsI £1]9
AL MEPE= Z5F AAET & PTSEP E3 Zo] &4H
A& f& v 97| |A = o] FAlolE vk A= ¥
sht, S71 oA FoF 59 Eo] AR g, A &S
3D ARJMTE X, AEAAs AlES Ao, mHg9]
3152 Qo FEF AA TN AR &4gos itk
519t} BCRY 9= & SRAIZHA] folnst 417345t
2 Hol= Hol] AotthFig. 3). & AT A= 95 A
9] &2 9 FzZtoll= EAPL g9l #H& oFA 282 MRC
Gr 12 "oj3a, 52 9 1547 I 3= shR|of|A] 4ot
A Ast=Edt. & &, FFet F4 MRIOAE T5 &
A, FA50= thh XA, A4 23] RO A&(defect)o]
=] IcKFig. 1B). sHAE s & Qg oA g 7ts)
< = = 51K 2282 MRC Gr 42 SAHRY, 44 A
St oJ75] QAR =& AFHTH= thh A Ao
U, g SHES & T 19 - A7) X&Ho]
SRI=A. i 3449 A= & A 2Hetto] = dH
Fo, & o= SHE o], 5] Thoks Mk FA
A3t
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HEO tost A1735H 349 IdS AVIE AdEA
ot H ojedd 59 A Aol tigt 7P & =
of Fz vjeked Agje] W], BWEY I T
(55.2%), B538%), BE(2.4%) 0IAL, 16.5%2] T2

A=t s EIkgo] BHE] At A1 S
o=z AR gJoko] 60.5%% 7 B3t T4, 1 HE
BAABH57.8%), 55(33.8%), AW ol(23.6%)7F FHE
ol 754 Bk 1% =R i =290t oF 90%9)]
AE0] A= &4 HAE UA =i, YA SRjEo] B
24 225 W, £&8 B2 IXEY A5t HEH
A 7S HRe SREHT 22 707 YERGTHOR 2.79, 95%
CL 1.46-5.33, p = 0.002). £3] 3/ L& ¥ 371 o]
T dAE AFPS 739t AA EAl&(gross-total re-
section)S AlAFS - } 4_73 ShA o 59] R} At

A7t AT FS et @Y Azt €8 A E(annu-
alized bleeding risk) = 0431 Aol A= AFubct thi
i}olh Jot, tigF 2%-5.5% HE=g HiEo] qck. Ag3]

B2 HEY] RN &4 A5E WA =7 g, &
J%XML TS A & F AHTE oSt ofgArt
IONMY] #-8-9] -8/ tiaf Htoh= o =&o] 2 5= 9L
Zct.

A sy B A9 A 399 & 1502 4
7k &= Q7] wjol, £ FYAAENAS] IONM] &8
o tet 4 ATSS AmEw, AoE Y o]
ojat meto] 7Ks3k Aolct. thket AT 8ol 2 5

W SUAA=NA IONME] &80 tfsf R dA+L/FTE
°4:rL FHE FREY=T0], HFE Aol MEP(H+D-3+)

52 'MEP + SSEP'9] H&o| & F 3R] A1745Hs A&
< d&ok= d Qo] A 7 WiE/EolkE 7=
Ao= ety 2719 olHHH tHEAR A= 1Is] 4
HEH, Kothbauer 152 10099] 4 24 S92 =
(o] ZF 39o] s B =0l MEP ¥ D-3+g
A& Ale] e & AT @] o$et ATdS B4
E1][4 MEP+ 43| H|719 4 A4S Hol= 79, D-u+y

2 50% oo AE A Hol= —?—% Fom)gt ¥tz
O o, & T 919k WL STl 2ol 100% W7
T 4 91% EoleE 7= AR ‘?n_}ﬂiil At A8 &4
ol EAIZ IONM FHoAE= 249 vig(randomized con-
trolled) g7t E7Fs5t7] TiZol, Aol IONMZ Al

YolA| gl EFE AR 1 H|IE Aldske o
T FHl(historical-control group)s 7k ARESR=H|, 2009
d Sala TH2 IONME A-8517] A1) A 28] SFAA
&5 T2 3R} 503, 5US eHol && oF=, IONM
< A&7t X 508 vl EAPHT]. g AtelM=
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Fig. 2. The change of IONM recordings. The PTSEP monitoring (A) revealed the significant reduction of amplitude at both side (left:
78%; right: 68%; red circle) during the surgery. The right PTSEP showed the recovery of amplitude, but the left side showed
irreversible loss of wave until the end of surgery (C, white box). The MEP monitoring (B) showed a significant amplitude decrement
in the left AH muscle and right TA muscle (86%, 84% respectively; blue circle). The right TA muscle MEP was recovered entirely,
but the left AH muscle MEP finally disappeared and could not be recovered until the end of surgery. The left TA muscle MEP
also disappeared at the same time and could not be recovered (C, white box). PTSEP: posterior tibial somatosensory evoked potential;
MEP: motor evoked potential; Lt: left; Rt: right; APB: abductor policis brevis; VL: vastus lateralis; TA: tibialis anterior; AH: abductor
hallucis; MNSEP: median nerve sensory evoked potential; IONM: intraoperative neurophysiologic monitoring.
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Fig. 3. The bulbocavernosus reflex monitoring. The intraoperative bulbocavernosus reflex monitoring showed no significant change
until end of the surgery (green: baseline wave; black: final wave).
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T AHcase series)olH & BH= BE FAFE|A] MEP/
SSEPE A&3th=s A5 oy, 1 Ayt @ siio] thgh
Wg-2 w2 ¢il(11], 2022 Niedermeyer 5°] 17789
A oy IS TN &8 FAE AlohHA
MEP2} SSEP ZHAIE Z-8olo], 11 Aufe} 24 9] 41745
ol 57t BluEAS =3 vl 5] oig AelAe |2
u]gt MEP/SSEPQ] WSS 77} =& AIRHA|] 7]EmHy Z1&
o8] 80%(MEP) 4 & 50%(SSEP) AAaz Folge], 21
9] g7t AF o2 MEPZL ZAFTH T SEESA, ©] F
g B2 e T AT AHie] Wshs QI T He
Aoz 25 JA|9] floko] B OHAS A MEP &
Alo] dAF o QId 2D, 370Y oW BF IEE|SI). o
9} &2, MEPQ] AZo] 80% oA} AAadt T B ke
A= FEH TA7}F 370] A%e], o] F 282 & T 4
73k Wshs glglo, o B2 =& T 19 FHol7kA A&
== 5 51A]9] fioko] AEA ATt SSEPE 319
AP HI7FEARL 50% olde] XE AAE Het, ol
HRoA e 19 ol A= A2 At AEA 2
g}, o5 vHigo R & T A5
of|A9] IONM9] A& (accuracy)E 4SS o, H)7197]
Al MEP ZE9] 80% ol A4 9] 3¢, @7 dl3(EY Al
=)0l AojAe thh W2 HE (T 25%, EO)%= 50%)
£ H3ou Y] diEE T 1¥)e Bl w2 Fee(W
A% 100%, E°l% 73%)S Ktk ‘B|7FdZ ol SSEP A&
9] 50% o A’ A9= @] AT 75%, Eol=
100%) 9 A7] (UL E 67%, E°1%E 93%) BF %2 4
g BHojFo). BYe 71EX]9] A1 71EE FEotE, vt
2" Ql MEP/SSEP2] ¥13}E H|7H94'Ql MEP/SSEP #13}
of BlIFS wh= AiFoZ F7)H A7sH e gl 9
Y= HoA(MEP, 0.56; SSEP, 0.4), AAEL 47| 2=
HEo g AL A B89 &0l 7HEAQ1 MEP/
SSEP2] W3l= FA| f1¥sHA] §ar, vk ZQl MEP/SSP %
Z A5 Goujst A 71E0 7 A2 4 S A0E A
skt

2 389 EA= /9= skAIolA AR o2 IONM A
S HojFoh FEolA BF FHE AA =5, At b
o] QIQiA|9t SSEPL} MEP HF S-oJu|slA| #4asticit,
959 9= A FEH] & IEAHA F FAIEUA
ot F&2 EER] Ea1Qie) A AE519] Aol 284
AR, 7194 WstE Bl H&52 & § A4 st
S 7ol =11, v A WistE Hel 952 A135H
Aso] YeRd 7FsAdo] Atk &St 5= e, A &
T A5k Aefol dAghe & = ok & 19 $o Bt

M= AFeH dEL fAE dHz 2 SE g4

IONM Z3= ‘YA(true positive) o2kl T3 4= Q1AL
g4=

A4 oWy BB =9 BPol=, IONMY] 282 1
Folof, B7FAARI 1 ®isle] A= & & A145H
7sdslE AFE 7R/l =24l aiF AgollA FoJu|gt
IONM2] ¥3} 7|&(cut-off value)oll HeiAE &% o W
A AE B9l Aot} ok ko] BasiAr
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