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The use of intraoperative neurophysiological monitoring in the spine surgery
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ABSTRACT

Neurological complication is of primary concern in spine surgery and has become a critical issue in recent times. The development of
postoperative neurological deficits needs to be completely avoided if possible. To improve neurological safety, intraoperative neurophysiological
monitoring (IONM) is used to detect and give a chance to reverse the related causes of neurologic complication during spine surgery.
Multimodal IONM has the advantage of compensating for the limitations of each individual technique and seems to be effective and accurate
for detecting perioperative neurological injury during spine surgery. Spine surgeons are receiving great help in securing neurological safety
and preventing neurological complications in high-risk spine surgery by using multimodal IONM during surgery. In this review article, we
review recent articles on how IONM is used according to specific types of spine surgery and share the author's actual clinical experience.
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Fig. 1. Vertebral column resection for deformity correction. (A) Anteroposterior and lateral radiograph of the spine of a 12-year-old
girl who had an advanced congenital kyphoscoliosis with thoracolumbar acute angle kyphosis and left side coronal decompensation.
Multiple times of previous surgical and casting treatment failed to stop progression of deformity before. Finally the patient underwent
posterior vertebral column resection (PVCR) and posterior fusion with pedicle screws. (B) Postoperative radiograph showing that
satisfactory deformity correction. We used MIONM, and no significant signal changes were recorded during and at the end of the
operation. The patient had no postoperative neurological deficit after surgery. (C) Significant structural instability is accompanied
due to complete disconnection of proximal and distal vertebral column during PVCR. Perfusion of the spinal cord is also likely to
be diminished due to segmental vessel ligation and large amounts of intraoperative bleeding.
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Fig. 2. Anterior corpectomy for cervical myelopathy with OPLL. (A) CT sagittal and T2 sagittal MRI image of the cervical spine of
a 52-year-old woman who had a compressive myelopathy due to ossification of posterior longitudinal ligament (OPLL) at C5-6. (B)
The patient underwent anterior corpectomy and OPLL resection after posterior decompression. MIONM was stable for the entire
duration of the operation. Postoperative CT and MRI sagittal image showing that satisfactory decompression of spinal cord. The
patient had significant improvement in gait disturbance and neuralgia before the operation, and there were no postoperative

neurological deficits.
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K1
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Fig. 3. For removal of intramedullary ependymoma in cervical spine of a 64 years-old male patient, the phase-reversal technique
of dorsal column mapping for intraoperative midline localization during posterior myelotomy, to avoid the dorsal column dysfunction
syndrome (numbness, painful dysesthesias below the surgical level, proprioceptive loss, and gait dysfunction). The dorsal median
raphe, which is the point (B) at which the phase of the recorded SSEP is switched by applying stimulation from A to B, C in the
horizontal direction in the spinal cord can be confirmed. SSEP: somatosensory evoked potential.
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9] 34& Hol= %ol tiafiA




The use of intraoperative neurophysiological monitoring in the spine surgery 47

ot

TlZ 21 IONMO| =& & 41735H 3|83 d|Sshe =
T2 AREE 5= QlETtel tigh A-Eo] ojofA|AL itk & A
A= $E5 IONMZ ARSEE 31799 SRS e s %
A3t Aol 29%8(9.1%)2] SAHMEP: 107, SSEP: 127%,
MEP & SSEP: 5%)°lA 4129] 245 gRlsiylon, 2%
IS BF e voiA 5715 2 FHHQ S4d0]
SAE AL HUSHTH51]. Wang 52 5989] 33 44
HaZcervical compressive myelopathy) 252 4
07 =& F MEP ASRle] mebs S (improved), £,
Z4(degeneration) Al 22 Wro] &35 27| 9 74
Ql A17g5H4 o F& H|wslP o, AT SALA o 2 Al
AsH 3182 BUSITH52]. Park 5% "RPHAZ FF
P AT TS W= Al AolA =5
MEP 415.9] 341 Hel AEolA &5 3 2A o 2
7154 3153} QY717 D5 RISk ST =EF 6
NeAoll= F2fet Alo|E HolA| AUrhal HIrstIrH53].
QHH, Akbari 5= A5 S ApSeA} 2878 tHe=
2183t Aol MEP AlS 5 7o) ke oA 18%] ok
SARLo] HIshA] % 67 EA STt 753 ES ERlstSl
or, IONMO| Y &3 AT SR A4S 35S
A&she 783t ZEtal BAskItH54]. o]FA IONMS]
o ol & A 7A 7R thsiA] AR AFAT S| B
TE|QUAE, o2 At Aol SRt Ao, FEgt
TAZF SHEQUTA T S §lof, HoE TRt MW 9 A
of digt 7M1 A7t a5t

my
ru

2
oM,
X,
N
>,
5

£ 19 ¥ a0)4 A4et
A 3]
Ay

QA A

o

o ox ol

T
o
o
2

i
T

=

£

o = o
2
ok
A
p
©
o i
30
i)

4 %0

%

2y
rir
>,
ox,
BN

"
1o
i)
o
i
BN
N,

r
Q.

oM,
4
)

2 > o
grfp
100 s e
L)
Jﬁo‘%_r;
ﬂngOO
= o
mlmﬂo_@
mE
_>|44[U ‘{)‘
= o
ORI
flr o N
BB
o
g
03:_‘
r'O
N

Moo ey
U

ol g

S Eslo] 540 Ty A3 9 Rglo] weby A
S A8 4 YEE WAAA Uoblok & Zolh

N
0

Ethical approval

This article does not require IRB/IACUC approval

because there are no human and animal participants.

Conflicts of interest

No potential conflict of interest relevant to this

article was reported.

ORCID

Seung Myung Wi, https://orcid.org/0000-0002-1706-4516
Hyoungmin Kim, https://orcid.org/0000-0002-4500-9653

References

1. Kim ]S, Park KS. Intraoperative neurophysiologic
monitoring in the spine surgery. ] Intraoper Neu-
rophysiol. 2019;1(2):1-14.

2. Deletis V, Sala F. Intraoperative neurophysiological
monitoring of the spinal cord during spinal cord
and spine surgery: a review focus on the cortico-
spinal tracts. Clin Neurophysiol. 2008;119(2):248-64.

3. Nuwer MR, Dawson EG, Carlson LG, Kanim LEA,
Sherman JE. Somatosensory evoked potential spinal
cord monitoring reduces neurologic deficits after
scoliosis surgery: results of a large multicenter sur-
vey. Electroencephalogr Clin Neurophysiol. 1995;
96(1):6-11.

4. Hilibrand AS, Schwartz DM, Sethuraman V, Vaccaro
AR, Albert TJ. Comparison of transcranial electric
motor and somatosensory evoked potential monito-
ring during cervical spine surgery. ] Bone Joint Surg.
2004:86(6):1248-53.

5. Gunnarsson T, Krassioukov AV, Sarjeant R, Fehlings
MG. Real-time continuous intraoperative electro-
myographic and somatosensory evoked potential
recordings in spinal surgery: correlation of clinical
and electrophysiologic findings in a prospective,
consecutive series of 213 cases. Spine. 2004;29(6):
677-84.

6. Minahan RE, Sepkuty JP, Lesser RP, Sponseller PD,
Kostuik JP. Anterior spinal cord injury with pre-
served neurogenic ‘motor evoked potentials. Clin
Neurophysiol. 2001;112(8):1442-50.

7. Sloan TB, Janik D, Jameson L. Multimodality moni-
toring of the central nervous system using motor-
evoked potentials. Curr Opin Anaesthesiol. 2008:



48

Seung Myung Wi, Hyoungmin Kim

10.

11.

12.

13.

14.

15.

16.

17.

21(5):560-4.

. Hsu B, Cree AK, Lagopoulos J, Cummine JL. Trans-

cranial motor-evoked potentials combined with res-
ponse recording through compound muscle action
potential as the sole modality of spinal cord moni-
toring in spinal deformity surgery. Spine. 2008;
33(10):1100-6.

. Park P, Wang AC, Sangala JR, Kim SM, Hervey-Jumper

S, Than KD, et al. Impact of multimodal intraope-
rative monitoring during correction of symptomatic
cervical or cervicothoracic kyphosis. J Neurosurg
Spine. 2011;14(1):99-105.

Owen JH. The application of intraoperative moni-
toring during surgery for spinal deformity. Spine.
1999:24(24):2649-62.

Sloan TB, Heyer EJ. Anesthesia for intraoperative
neurophysiologic monitoring of the spinal cord. |
Clin Neurophysiol. 2002;19(5):430-43.

Hamilton DK, Smith JS, Sansur CA, Glassman SD,
Ames CP, Berven SH, et al. Rates of new neurolo-
gical deficit associated with spine surgery based on
108,419 procedures: a report of the scoliosis re-
search society morbidity and mortality committee.
Spine. 2011:36(15):1218-28.

Padberg AM, Thuet ED. Intraoperative electrophy-
siologic monitoring: considerations for complex
spinal surgery. Neurosurg Clin N Am. 2006;17(3):
205-26.

Parker SL, Amin AG, Farber SH, McGirt MJ, Sciubba
DM, Wolinsky JP, et al. Ability of electromyographic
monitoring to determine the presence of malposi-
tioned pedicle screws in the lumbosacral spine:
analysis of 2450 consecutively placed screws. ]
Neurosurg Spine. 2011;15(2):130-5.

Raynor BL, Lenke LG, Kim Y, Hanson DS, Wilson-
Holden TJ, Bridwell KH, et al. Can triggered electro-
myograph thresholds predict safe thoracic pedicle
screw placement? Spine. 2002;27(18):2030-5.
Uribe JS, Vale FL, Dakwar E. Electromyographic mo-
nitoring and its anatomical implications in minimally
invasive spine surgery. Spine. 2010;35(265):S368-74.
Bello JP, Pérez-Lorensu PJ, Roldan-Delgado H, Brage
L, Rocha V, Hernandez-Hernandez V, et al. Role of

multimodal intraoperative neurophysiological moni-

18.

19.

20.

21.

22.

23.

24.

25.

20.

toring during positioning of patient prior to cervical
spine surgery. Clin Neurophysiol. 2015;126(6):1264-
70.

Quraishi NA, Lewis §J, Kelleher MO, Sarjeant R,
Rampersaud YR, Fehlings MG. Intraoperative mul-
timodality monitoring in adult spinal deformity:
analysis of a prospective series of one hundred two
cases with independent evaluation. Spine. 2009;
34(14):1504-12.

Burton DC, Carlson BB, Place HM, Fuller JE, Blanke
K, Cho R, et al. Results of the scoliosis research
society morbidity and mortality database 2009-2012:
a report from the morbidity and mortality commi-
ttee. Spine Deform. 2016;4(5):338-43.

MacEwen GD, Bunnell WP, Sriram K. Acute neuro-
logical complications in the treatment of scoliosis.
A report of the Scoliosis Research Society. ] Bone
Joint Surg Am. 1975;57(3):404-8.

Schmitt EW. Neurological complications in the trea-
tment of scoliosis. A sequential report of the Sco-
liosis Research Society 1971-1979. Paper presented
at: 17th Annual Meeting of the Scoliosis Research
Society; 1981; Denver, CO.

Wilber RG, Thompson GH, Shaffer JW, Brown RH,
Nash CL Jr. Postoperative neurological deficits in
segmental spinal instrumentation: a study using spi-
nal cord monitoring. J Bone Joint Surg Am. 1984;
66:1178-87.

Boachie-Adjei O, Yagi M, Nemani VM, Sacramento-
Dominguez C, Akoto H, Cunningham ME, et al.
Incidence and risk factors for major surgical com-
plications in patients with complex spinal defor-
mity: a report from an SRS GOP site. Spine Deform.
2015:3(1):57-64.

Dewald RL. Spinal deformities: the comprehensive
text. New York, NY: Thieme; 2003.

Pelosi L, Lamb J, Grevitt M, Mehdian SMH, Webb JK,
Blumhardt LD. Combined monitoring of motor and
somatosensory evoked potentials in orthopaedic
spinal surgery. Clin Neurophysiol. 2002;113(7): 1082-
91.

Schwartz DM, Auerbach JD, Dormans JP, Flynn ],
Drummond DS, Bowe JA, et al. Neurophysiological

detection of impending spinal cord injury during



The use of intraoperative neurophysiological monitoring in the spine surgery

49

27.

28.

29.

30.

31

32.

33.

34.

35.

30.

scoliosis surgery. ] Bone Joint Surg Am. 2007
89(11):2440-9.

Pastorelli F, Di Silvestre M, Plasmati R, Michelucci
R, Greggi T, Morigi A, et al. The prevention of neural
complications in the surgical treatment of scoliosis:
the role of the neurophysiological intraoperative
monitoring. Eur Spine J. 2011;20:105-14.

Bhagat S, Durst A, Grover H, Blake J, Lutchman L,
Rai AS, et al. An evaluation of multimodal spinal
cord monitoring in scoliosis surgery: a single centre
experience of 354 operations. Eur Spine J. 2015;
24(7):1399-407.

James WS, Rughani Al, Dumont TM. A socioeconomic
analysis of intraoperative neurophysiological moni-
toring during spine surgery: national use, regional
variation, and patient outcomes. Neurosurg Focus.
2014:37(5):E10.

Kelleher MO, Tan G, Sarjeant R, Fehlings MG. Pre-
dictive value of intraoperative neurophysiological
monitoring during cervical spine surgery: a pros-
pective analysis of 1055 consecutive patients. ]
Neurosurg Spine. 2008;8(3):215-21.

Zeidman SM, Ducker TB, Raycroft J. Trends and
complications in cervical spine surgery: 1989-1993.
J Spinal Disord. 1997;10(6):523-6.

Appel S, Korn A, Biron T, Goldstein K, Rand N,
Millgram M, et al. Efficacy of head repositioning in
restoration of electrophysiological signals during
cervical spine procedures. ] Clin Neurophysiol.
2017:34(2):174-8.

May DM, Jones §J, Crockard HA. Somatosensory
evoked potential monitoring in cervical surgery:
identification of pre- and intraoperative risk factors
associated with neurological deterioration. ] Neu-
rosurg. 1996:;85(4):566-73.

Uribe JS, Kolla J, Omar H, Dakwar E, Abel N, Mangar
D, et al. Brachial plexus injury following spinal sur-
gery: a review. ] Neurosurg Spine. 2010;13(4):552-8.
Kim DG, Jo SR, Park YS, Hyun §J, Kim K], Jahng TA,
et al. Multi-channel motor evoked potential monito-
ring during anterior cervical discectomy and fusion.
Clin Neurophysiol Pract. 2017,2:48-53.

Fujiwara Y, Manabe H, Izumi B, Tanaka H, Kawai K,

Tanaka N. The efficacy of intraoperative neurophy-

37.

38.

39.

40.

41.

42.

43.

44.

45.

siological monitoring using transcranial electrically
stimulated muscle-evoked potentials (TcE-MsEPs) for
predicting postoperative segmental upper extremity
motor paresis after cervical laminoplasty. Clin Spine
Surg. 2016;29(4):E188-95.

Lee HJ, Kim IS, Sung JH, Lee SW, Hong JT. Signi-
ficance of multimodal intraoperative monitoring for
the posterior cervical spine surgery. Clin Neurol
Neurosurg. 2016:;143:9-14.

Traynelis VC, Abode-Iyamah KO, Leick KM, Bender
SM, Greenlee JDW. Cervical decompression and
reconstruction without intraoperative neurophysio-
logical monitoring. ] Neurosurg Spine. 2012;16(2):
107-13.

Ajiboye RM, D’Oro A, Ashana AO, Buerba RA, Lord
EL, Buser Z, et al. Routine use of intraoperative
neuromonitoring during ACDFs for the treatment of
spondylotic myelopathy and radiculopathy is ques-
tionable: a review of 15,395 cases. Spine. 2017;
42(1):14-19.

Kim JE, Kim JS, Yang S, Choi J, Hyun §J, Kim K],
et al. Neurophysiological monitoring during anterior
cervical discectomy and fusion for ossification of
the posterior longitudinal ligament. Clin Neurophy-
siol Pract. 2021;6:56-62.

Daniel JW, Botelho RV, Milano JB, Dantas FR, Onishi
FJ, Neto ER, et al. Intraoperative neurophysiological
monitoring in spine surgery: a systematic review
and meta-analysis. Spine. 2018;43(16):1154-60.
Sutter M, Eggspuehler A, Grob D, Jeszenszky D,
Benini A, Porchet F, et al. The validity of multi-
modal intraoperative monitoring (MIOM) in surgery
of 109 spine and spinal cord tumors. Eur Spine J.
2007;16:197-208.

Forster MT, Marquardt G, Seifert V, Szelényi A. Spinal
cord tumor surgery—importance of continuous int-
raoperative neurophysiological monitoring after tu-
mor resection. Spine. 2012;37(16):E1001-8.

Korn A, Halevi D, Lidar Z, Biron T, Ekstein P, Cons-
tantini S. Intraoperative neurophysiological moni-
toring during resection of intradural extramedullary
spinal cord tumors: experience with 100 cases. Acta
Neurochir. 2015;157(5):819-30.

Harel R, Schleifer D, Appel S, Attia M, Cohen ZR,



50

Seung Myung Wi, Hyoungmin Kim

46.

47.

48.

49.

50.

Knoller N. Spinal intradural extramedullary tumors:
the value of intraoperative neurophysiologic moni-
toring on surgical outcome. Neurosurg Rev. 2017;
40(4):613-9.

Sala F, Palandri G, Basso E, Lanteri P, Deletis V,
Faccioli F, et al. Motor evoked potential monitoring
improves outcome after surgery for intramedullary
spinal cord tumors: a historical control study. Neu-
rosurgery. 2006;58(6):1129-43.

Kothbauer KF. Intraoperative neurophysiologic mo-
nitoring for intramedullary spinal-cord tumor sur-
gery: peroperative neurophysiological monitoring in
intramedullary tumor resection surgery. Neurophysiol
Clin. 2007:37(6):407-14.

Kothbauer KF, Deletis V, Epstein FJ. Motor-evoked
potential monitoring for intramedullary spinal cord
tumor surgery: correlation of clinical and neuro-
physiological data in a series of 100 consecutive
procedures. Neurosurg Focus. 1998;4(5):el.

Kumar N, Vijayaraghavan G, Ravikumar N, Ding Y,
Yin ML, Patel RS, et al. Intraoperative neuromo-
nitoring IONM): is there a role in metastatic spine
tumor surgery? Spine. 2019;44(4):E219-24.

Yoshida G, Ando M, Imagama S, Kawabata S, Yamada
K, Kanchiku T, et al. Alert timing and corresponding

51.

52.

53.

54.

intervention with intraoperative spinal cord moni-
toring for high-risk spinal surgery. Spine. 2019;
44(8):E470-9.

Wi SM, Lee HJ, Kang T, Chang SY, Kim SM, Chang
BS, et al. Clinical significance of improved intra-
operative neurophysiological monitoring signal du-
ring spine surgery: a retrospective study of a single-
institution prospective cohort. Asian Spine J. 2020;
14(1):79-87.

Wang S, Tian Y, Wang C, Lu X, Zhuang Q, Peng H,
et al. Prognostic value of intraoperative MEP signal
improvement during surgical treatment of cervical
compressive myelopathy. Eur Spine J. 2016;25(6):
1875-80.

Park MK, Lee §J, Kim SB, Lee KW, Lee HJ, Han EY,
et al. The effect of positive changes during intra-
operative monitoring of the functional improvement
in patients with cervical compressive myelopathy.
Clin Interv Aging. 2018;13:1211-8.

Akbari KK, Badikillaya V, Venkatesan M, Hegde SK.
Do intraoperative neurophysiological changes during
decompressive surgery for cervical myeloradiculo-
pathy affect functional outcome? A prospective
study. Global Spine J. 2020:2192568220951779.



