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Cause analyses and strategies on abnormalities of multimodal intraoperative eletroneurophilogy moni-
toring in spinal surgery casessHUANG Lin, ZHAO Min, WANG Peng, et al/Chinese Journal of Spine
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[Abstract] Objectives: To analyze the causes of the abnormalities in intraoperative eletroneurophilogy moni-
toring in spinal surgery, and to investigate the strategies for improving the monitoring success rate. Methods:
A total of 476 cases of spinal surgery with multimodal intraoperative eletroneurophilogy monitoring, including
somatosensory evoked potential(SEP), transcranial electrical stimulation motor evoked potentials(MEP) and free—
run electromyography(Free—run EMG), was analyzed retrospectively. Results: Abnormal waveforms were detect-
ed in 76 cases. Twenty—one of them had preoperative neurological disorders. Abnormalities in 8 cases were
caused by iatrogenic nerve impairment. The other abnormalities were caused by inappropriate use of muscle
relaxant(7 cases), inappropriate use of inhaled anesthetics(8 cases), lower limb muscle tremors(3 cases), electro-
magnetic field interference(4 cases), improper operative position(7 cases), incorrect link of electrode wires(7
cases) and unknown reasons(11 cases) respectively. Among the abnormal cases, twenty—eight returned to nor-
mal after effective intervention. Conclusions: Several aspects, including operation technique, anesthesia, elec-
tromagnetic environment and patient factors, should be taken into consideration for coping with monitor abnor-
malities. Positive and effective measures should be taken for better monitoring.
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Figure 1 The intraoperative MEP monitoring of a 65-year—old male with lumber disc herniation who was administered
with additional muscular relaxant during lumbar diskectomy and internal fixation a Pre-administration b The MEP of
lower limbs could not be induced after the additional use of 5mg cis—Atracurium ¢ The MEP monitoring returned to

normal after the catabolism of musclar relaxant
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Figure 2 The intraoperative MEP monitoring of a 55-year—old female with lumber disc herniation who was administered

with inhaled anesthetics during lumbar diskectomy and internal fixation.

MEP could be induced obviously before skin

incision. After incising the skin and administering with 1 MAC sevoflurane inhalation, MEP could not be induced. The

MEP of left lower limb was recovered with the withdraw of inhaled anesthetics
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Figure 3 A 67 —years —old male patient received lumbar tumorpalliative resection and internal fixation for lumbar
melastasis.  The intraoperative monitoring of SEP under the influence of muscular fibrillation was showed below a The
SEP wave of limbs without the influence of muscular fibrillation b When muscular fibrillation occurred, the SEP wave
of lower limbs could not be recognized, while the SEP wave of upper limbs could still be identified even though the
interference existed ¢ After the additional use and concentration maintaining of muscle relaxant, the SEP wave was
recovered Figure 4 The SEP of a 77-year—old female with degenerative scoliosis was monitored during the scoliosis
orthormorphia when two electrotome hosts were used simultaneously a The waveform of SEP monitoring before the turnon
of two electrotome hosts b The waveform of SEP monitoring turned smooth after the turnon of two electrotome hosts ¢

The waveform of SEP monitoring was recovered after turning off one of the electrotome hosts
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Figure 5 A 32-years—old male patient received scoliosis surgery. The intraoperative MEP was monitored under the
influence of limbs dangling from bed a The MEP waveform of left lower limb b As indicated by the red arrow, the
electric potential of left thumb adductor disappeared and the MEP amplitude of other lower limb muscles decreased after
the left lower limb dangling from bed by accident ¢ At that time, the MEP waveform of right lower limb was unaffected

d The MEP waveform of left lower limb was recovered after fixing the left lower limb

Wedii Sz, BEE B U AT DUTE S AR AT o U B AROBCE Tk B, BRE R R S M R A A )
R AR SO AR MEP {UREE A S MIE MR, Wi, ] 3 de G 0 2 e e Al Y BELSC A 1 PR Lo
JO7 ) R MR PR 7 BB S A%, WEBRERL C3. B, HFHHTS30kQ), S AR ] BEE BT,
C4 WAL, A RE 10em, A BA M —RUA 3.3 BRI R

RETC R BV AR5, 78 B F o et WL iR A SRR T3 8 A Bk R W | A R TR 35 R A
B BRI Bl PR IR BE R B A e BB e PRIERE AR e = Ir i BUR -, T A



600 ot [E R 2 R 2015 4EES 25 55 7 1)

Chinese Journal of Spine and Spinal Cord,2015,Vol.25,No.7

MEPIE %, FH TG T S8 5 A F Al
FHLAS 25 1o 45 45 I By B LR 24 25 T 3K
MEP HLA I 2%, AL v | 3 i) 8 3 16 F AR T i 4o vl
W& ] RS Y , FAR SRR T ST i SEP H B
FRelAE— i AR AT HEHA B W i SEP S
THAAIATHIN . TEHEE TR KR M #% T 40
N2, RIS 4 5 LR B8l A 1S S8 0
JURA 245 B e ik A 5 i J 4T e TR 3145 AT A 132 D
JE o 3% S BT WURA X T 3k B il S 1) SEP 6 E
Hesgma B AT LA ] L PR AR T 7 A 1 2k ok
$E = SEP MIC SR BT, A E 48 M 4
LA BHLAEIR 2SR, MEP 45 0T 8175 &0, A 5% o fifi
FH B BRI 7 58 S T AR v JILAS 24 A0 590 o i ok 44 -5
AMER 2520 MEP 1915 K808, &4 F T SEP
(18 W0 RA 2 PR B

W A BRI X6 K i 2 J2 0 1 R 1 e R B
il 243K 2 — a2 YR R RE A LR T KR4y
2N Y WA RV B /N T IMAC B AN 2352
M) MEP (4 Wl 14 R A 2 255 D) 6 7 v B 4% 1l 76
0.5MAC LAF 521w 51 /NS A 20 5540 b 7, ol ik
JERT IMAC B9 -L #UE 2 530 MEP 75 &R
A IS AT & . ERAREE T, b
MEP 75 & 14 )i 21 38 38 T JHe0 i T 08 AR 1
(1 MEP & FH M R 2w kO s 17, 2846 DL B
S TR o R S R AR 11 e R R e ahE f f H
34 FARHE

HE AR IRAET B SHE T AR ST TH0OT MEAR |
MEE A2 B . BB S fE T AR R AR T
SECEHERG . WRBRANFE T RE SSET
AREEAERID I, BAFATEGHA R RS
G 2 W R A T AR, R BE A
R RENS, A 8 9] 8 35 IR AR BRAE 5 R A B
Sy, S BN R E Horh 2 58 o TR AT
WERPESFETHERERE, RERHBHAHET)
REREAT . A 6 BIAR T B 2 DI Re i .
35 W TIHE

WL RS T F AR E A Y b o ab A
AR ZE AT LA AL 55 f I B BE AL | i 34 1T i
L R 2R TR RES RE B i TR Y
b S VR 3D S 1 N 7 A SR ATl 5 = S gl
RN, T EBOE B N R g, Tt
SEER SR OUE A A A, G s A A AR
PRLRI A (0% o AL AT X K v v e A

P, 31X — W A5 B IR 4322 A R, A 22 3 4
T8 HL T AL R A5 1A 75 R i SEP (194
FHEY AL FTF 5 ARAS IR AT LA = A T4, AR 8
Pirp 4 BIE D) R G SEP SRR O, AEHERR
T R T, KT AR B — G I
%% SEP 115 & 16 0L, e &k TPk A F P )
IS i F AL, DG P L e — 3 5 B n) R R A
SEP W% , A R (0 B g7 B, n] [ % ) F AT
TR A A B AT R e = A AT
W T R b B R OS2 R P
TN, 22 1) LA g 1t AR G [0 2, 22 15 P 444
TG S MRAES L, KRR T
WA B R R D IR A B E R,
3.6 HABKH=ER

AR R R R R A AL T IE Y AR, PRIE
JRCAA b F T e 07 Je 23 [, A4l R 3 v 1
BIPE  E R %, R T RO AN B IR s 80
) g S L2 Bl 2%, B B AR LA MEP 9% 1
T TR W T, 2 T MEP B BR it
Z AN R BT A F R TE B ELA R B 7R RO
W, BCE AR R B A H R M LR BT LT
AR T 22 R I PR £ 2 3 [ A L IR
A TR ab A v A B R — R A R (R TS T
SR, AT 3 A 0 e R 1 LT, A7 B BT >30Q0, )
TR O MR SO R RIS L

JUE AR 20 g 70 AR A A A 5t o 1y
FHBEFAR D AR T RZ RS WERES,
TEFR E T A 13 BIAR A 0 & 8 WA 5 R RE |
BEVE T VR AR A W I 235 5 1 e v R AT 1
B HEANRF AR v el 2 e AR E I R T AT 2 A B
AR AR L T2 I 25 A UL i T B —
Hoof STEAEAMRE R BRI A= SE A DG AR 5 I TR
BF, HERER R RS B G B E R R G2
7 T3 AT A S B DAL R I A S (ke v
MBS A7 B AR R R bR 2 W ) A 1 R
STE

4 SEXH

1 E¥E. ZEA g A TR EE TR R s R[], AR
AR, 2014, 21(1): 43-47.

2. Bhagat S, Durst A, Grover H, et al. An evaluation of multi-
modal spinal cord monitoring in scoliosis surgery: a single

centre experience of 354 operations [J]. Eur Spine J, 2015,

http://dx.doi.org/10.1007/s00586-015-3766-8(Epub)



o A A 2 7S 2015 4EAE 25 4855 7 )

Chinese Journal of Spine and Spinal Cord,2015,Vo0l.25,No.7

601

10. Kim WH, Lee JJ, Lee SM, et al.

11.

12. 85, LEH.

. EAHRE, IR

. Sekimoto K, Nishikawa K, Ishizeki J, et al.

- BRSO, TH, MM,

| T

SR E =M. db st AR T A R,
2000. 136.

The effects of
volatile anesthetics on intraoperative monitoring of myogenic
motor —evoked potential to transcranial electrical atimulation
and on partial neuromuscular blockade during propofol/fen-
tany/nitrous oxide anesthesia in humans [J].
thesiol, 2006, 18(2): 106-111.

Kawaguchi M, Sakamoto, Ohnishi H, et al.

Neurosurg Anes-

Intraoperative
myogenic motor evoked potentials induced by direct electrical
stimulation of the exposed motor cortex under isoflurane and
sevoflurane[J]. AnesthAnalg, 1996, 82(3)' 593-599.

SRR TR R 2 e S Bl i
%ﬁmw%mmﬁﬁm.*@ﬁﬁ%w%ﬂzwaam1b
17.

i, EEE. 2R 2 v A U I PR A TR PR
R R[] SR A 2R, 2014, 21(4): 199-203.

. Gavrancic B, Lolis A, Beric A. Author information. Train—of-

four test in intraoperative neurophysiologic monitoring:  differ-
ences between hand and foot train—of—four[J]. J Clin Neuro-
physiol, 2014, 31(6): 575-579.

JHELEL, s/, i 2 I 5 R TE I

ate P ERE S RRE, 2005, 49.

RFA Ry M. b

Comparison of motor—e-
voked potentials monitoring in response to transcranial elec-
trical stimulation in subjects undergoing neurosurgery with
partial vs no neuromuscular block [J]. Br J Anaesthesia,
2013, 110(4): 567-576.

Choi I, Hyun SJ, Kang JK, et al. Combined muscle motor
and somatosensory evoked potentials for intramedullary spinal
cord tumour surgery[J]. Yonsei Med J, 2014, 55(4): 1063-

1071.
SRR M2 B M) b A

13. 1

14.

15. =

16.

17.

18.

19.

20.

21.

DA i, 2015. 46.
F, B ER IR P WA R A TR g )] TR

%, 2013, 42(28): 3450-3452.
KT, MR B S A A SRR TS R, IR R
JRIR S 2% 5, 2013, 29()-718—720

YEME, T v, sRAR. SR b2 LA B SAN [ SR I A T

28 1L s 19313’?325&1\/ BRI [J]. AR AR AR,
2011, 27(8): 828-831.
Shida Y, Shida C, Hiratsuka N, et al. High—frequency stim-
ulation restored motor—evoked potentials to the baseline level
in the upper extremities but not in the lower extremities un-
der sevoflurane anesthesia in spine surgery [J].
Anesthesiol, 2012, 24(2): 113-120.
Tamkus AA, Rice KS, Kim HL. Differential rates of false—

J Neurosurg

positive findings in transcranial electric motor evoked poten-

tial monitoring when using inhalational anesthesia versus to-

tal intravenous anesthesia during spine surgeries[J]. Spine J,
2014, 14(8): 1440-1446.
FERCT, ERAS, DU, A 20 e 0 s s & 7

W5 A6 T R TE 1543 61 FE W IR 55 2 F R 19 Bz ).
5 XAk, 2015, 8(1): 27-31.
Aage R. Mgller. AR g AEFREMIM]. SR, dbat: A
[ T A L, 2009. 227-229.
BEs LT, kR, RIBCR. A oA PR S R R oy
R vy L AS AL TR R[], o R A 3 e 5 90, 2012, 18(10):
941-943.
VGG, 2R, ”‘ﬁ%
i A HL A R R [T
1106-1108
(Wi B33 .2015-05-05 AKX A& [H H 3 :2015-06-15)
(X% HFEKR/RIH)
(A ¥ BIRE)

g

B L ] X AR v W R A R
e AR AR, 2010, 26 (12):





