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Facial motor evoked potential (FMEP) by multi-pulse transcranial electrical stimulation (mpTES)

can complement free-running electromyography (EMG) and direct facial nerve stimulation to

predict the functional integrity of the facial nerve during cerebello-pontine angle (CPA) tumor

surgery. The purpose of this paper is to examine the standardized test methods and the usefulness

of FMEP as a predictor of facial nerve function and to minimize the incidence of facial paralysis as an

aftereffect of surgery. TES was delivered through electrode Mz (cathode) - M3/M4 (anode), and

extracranially direct distal facial muscle excitation was excluded by the absence of single pulse

response (SPR) and by longer onset latency (more than 10 ms). FMEP from the orbicularis oris

(0.oris) and the mentalis muscle simultaneously can improve the accuracy and success rate

compared with FMEP from the o.oris alone. Using the methods described, we can effectively predict

facial nerve outcomes immediately after surgery with a reduction of more than 50% of FMEP

amplitude as a warning criterion. In conclusion, along with free-running EMG and direct facial Corresponding author: Jae-Seung Baek
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Figure 1. Monopolar stimulator.
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AHARQ1 QHH A7 A7) A= A8 7] ol F7F =29
QIHAA L7|A1F YXE LA dotdl= 5ol =71 9
F3H5, 11, 121,

AARE S Qe TS EAZ /7 A multi-pulse transcranial
electrical stimulation, mpTES)oll 2|3t ¢FH-S%GHFH 9]
(facial motor evoked potential, FMEP)7} &=do] & $it}. o
FUAHFNA7 AT Q)% e E e tis] 59 d
AlAE ] H7HE Qfet ol oH14-16]. 9FH A1 TAIE f19t
1A A== (corticobulbar tract)Z ©] 7|&S A-gshd QA
A1749) 7155 oAIES 5= SltH11, 18], 1y o] AAb= A=
A= £ == QP o] A dl §lof Al=o] ZFshd 14
AgEint o et ) 95 Aupsfo] 2144 0 & TRkt
S5 AAIA AARS] g7 Eold 4 QUeH18]. TLef il &}
= Ft EQUE HWobA] s At E4o] oY
sUjofl A= A Y] AJYE AL QLA gk, oA & i ol A

o ¥°

712l O QR E-aAsle] AL Wk Qb T
Apglo] B AARHS HEE T 4 4% ol 417 2
o NS o%_

ME U
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1. BAFSH|

ol A AMES= E 5 A AR A (intraoperative
neuro-monitoring, INM) %] Xltek Protektor (Natus
Medical Incor.)& AFS-SFRITE. SFH--5-FEH 91E S1et AlE
2 Range +1~10 mV, Reject Threshold +1~10 mV,
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LFF/HFF: 100~150 Hz/3~5 KHz, Timebase 5 ms/div,
Amplitude 100 pV=Z AAsI] GARE ST

2. A

2018 55 2018 77HA| Az} FheAL 147
= o= 42 3ol Yol Hat 50 (£11
ozt 91, @At sHolqlty. FU B AFAAZRT
(vestibular schwannoma)©] 9%, $~2&(meningioma)©] 3
| AW A7 %% (jugular foramen schwannoma)©] 1
g E3 obA| £3(hemangioblastoma)©] 10| 29k 3
713 2~4.7 cm ©| R H(Table 1). TS 54 A G 7oA
T FAAE AN o, o T A of whet i S
HANHARE AlBYSFITE. AR 2128 ALk 25 2191 Qb Al
ZAATHE o834 Qb 417 9] 91X & TSk [20] QFH-E
FTHEHLE o834 7t A7 H(before dura open) 7]
FH (baseline) O.= ofjA] QFHAIZ 2] 715491 b3S 3
|5t} T 2] 215 0] 50% o) AAEH A HEjof A

=

AV =]

S~

Table 1. Patient demographics
SEX

Male 5
Female 9
Median age, vy 50
Range 23~64

Diagnosis

Vestibular schwannoma
Meningioma

Jugular foramen schwannoma
Hemangioblastoma

- = W

TAPB-APY'

de)7| = skSinh s FYAA 3 157 58 o I (fina&
7] g o H ok QP 9] HEE S ORATH 18]
QHgAQl A HIHE Sl A= 1~5 pulse,
duration; 50 psec, interstimulus interval; 1 ~2 mso]al A}=
A2 2 Hcathode)> Mz (CzH 2.2 1 cm), ¥=Hanode)
< e B9V 25 A 9ol M3, 95 F 5ol M4 (C3,
C4 AFog 1 coyell BT os FACHA= viAR:
INTERNATIONAL 10~20 EEG SYSTEM) (Figure 2). 715 &
S8 5o F2 RN orbicularis oris) ¥} El<Xmentalis)ol v}
SRS 270 FAC AA ol A8 5o AAIAT A
2L, 7121 ofl2], mhaf 4] teof] whE ekt obH 417 o] &4k
1] A QT

o Yrgom 44 E2

¢

"
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Figure 2. Electrode placement.

RTADQ-ADG |

Figure 3. Single pulse response of the
facial MEP recorded from the right
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orbicularis oris (0. oris) muscle. The
facial MEP response is 160 uV in
amplitude, generated by transcranial
electric stimulation of 3 pulses, 2 ms
ISI and 300 V (A). During stimulation,
the anode was at M3 the cathode was
at Mz. A simultaneous APB and ADQ
muscle response is also shown.
Note the absence of the single pulse
responses (B) and the facial MEP
onset latency of 10 ms or more, which
indicate a central origin.
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(abductor pollicis brevis) -2 42| &7 Habductor digiti

quint)< Zo] 7153131l

ot 8-9] Thdg AukS(single 3. 0K

pulse response, SPR) (Figure 3)¥} 10 ms 2ot 71 #2-7]1S- 3¢ Rocuronium bromide (0.8~1.0 mg/kg) & 3 71# U &
QAeA] AHA A T P 5 A= Wi AR 7. =& B AR 4 Alo] 9] HEE S AE H 22 L ES A
A3} 23 QbH 758 House-Brackmann grading scheme — 83to] A7 vl S FA A ZI T}, T3t X424 0 2 Hu]Hetd

(HB grade 1~6)< 53l B7FsFcHTable 2)[19].

£ RO A& A, 3] 29} A e
g ARESHA] ottt & 5 vk 22 B $I6l
bispectral index & ARE-5}o] ﬂJ%—J% & St A

Table 2. Facial nerve grading system (HB grade [~VI)

Grade

Description

Characteristics

1

VI

Normal
Mild dysfunction

Moderate dysfunction

Moderately severe dysfunction

Severe dysfunction

Total paralysis

Normal facial function in all areas
Gross: slight weakness noticeable on close inspection; may have very slight synkinesis
At rest: normal symmetry and tone
Motion
Forehead: moderate to good function/eye: complete closure with minimum
effort/mouth: slight asymmetry
Gross: obvious but not disfiguring difference between two sides; noticeable but not
severe synkinesis, contracture, and/or hemifacial spasm
At rest: normal symmetry and tone
Motion
Forehead: slight to moderate movement/eye: complete closure with effort/mouth:
slightly weak with maximum effort
Gross: obvious weakness and/or disfiguring asymmetry
At rest: normal symmetry and tone
Motion
Forehead: none/eye: incomplete closure/mouth: asymmetric with maximum effort
Gross: only barely perceptible motion
At rest: asymmetry
Motion
Forehead: none/eye: incomplete closure/mouth: slight movement
No movement

Abbreviation: HB, House-Brackmann.

Table 3. Correlation between neurophysiological data and postoperative facial nerve outcomes

No Sex  Age Diagnosis Size Stimula.tion Final facial MEP Pre-operative Post-operative
) (cm) Intensity amplitude (%) HB grade HB grade
1 F 43 LT VS 3.3 300 V 100% (100 pv) 1 1
2 F 62 LT VS 3.1 220 V=300 V. 120% (250—300 nV) 1 2
3 F 58 LT CPA MNG 4.7 200 V 100% (220 nv) 1 1
4 F 64 RT VS 3.1 500 V 100% (200 pv) 1 1
5 M 39 RT VS 2 200 V 160% (50—80 nv) 1 1
6 F 35 RT VS 4 250 V 100% (400 pv) 1 2
7 M 47 LT VS 3.5 300 V 100% (300 pV ) 1 1
8 F 58 HEMANGIO-BLASTOMA 2.6 400 V 100% (160 pVv) 1 1
9 F 57 RT CPA MNG 2.7 300 V 100% (150 pv) 1 1
10 F 56 LT CPA MNG 3.1 400 V=630 V 50% (30—15 pVv) 1 3
11 M 23 LT VS(NF2) 3.6 300 V=350 V 100% (150 pv) 1 2
12 F 61 LT VS 29 300 V 100% (200 pv) 1 2
13 M 46 RT VS 3.6 300 V 100% (60 pV) 1 1
14 M 59 T JUGULAR FORAMEN 3.9 300 V 160% (50—80 nv) 1 1
SCHWANNOMA

Abbreviations: FMEP, facial motor evoked potential; HB, House-Brackmann; VS, vestibular schwannoma; NF2, neurofibromatosis type
2; CPA, cerebellopontine angle; MNG, meningioma.
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I 40~6002] H9IE FASIIT AEAE S 49 <
2 A0 & ARETHEY SAols WEskes A
(train of four, TOF)AA} A& 21 o]

(neuromuscular blocking agent)2] %2 2 &s}A] G-A| Tt

4, BHEH 24
SPSS version 1.0.0 (SPSS Inc., Chicago, IL, USA)»&- o]&-3}
o] =8 %] %Jc}. BASELINE TO FINAL $HA--5-58H1 9] A2
H]9] 50%0 14 40 -9k 4 )% b 417 HB grade 7+
FolAE 7ol Al A3 (chi-squared test)S E3f HA31%
t}. 4% 219 HB grade 1 ~2-2 W28 27} HB grade 3~
S EEATYS AR FrRsEcH18). £<0.05 E H-5
A o & fofstrtar sttt

DS HAATAR AT o8 SR LERIANE A
FRE SAH14/ 19014 54 5 o 41732 71559
Ear

& 4
AHCHTable 3). OFH 18of|A] ThelE AHES- 0]

S}
hul
o

B9} 10ms o]4+e] AE7|E ghelslA] 2129l wxehd
£0] A=H& PAIBrATKFigure 3). Bt A Al71E 330.71
(+114.58) Volar, kx}o] ¢hH-g-=0ubx oo s 27|
13.5 (£1.5) msel]aL, B+t XJ% 166.42 (+98.24) pvel
th, & 2 1199 TR0l A OFES-E kA o] K En)| 7} 50%
OJAF AAF| QAL o8 T Sl A ButE Ao oA A7 HB
grade 37} Q‘Riﬁ} 1375 9] 2Rl A= 7] 9F 7150 o3t
HIJ o] TR o & AT QFH 417 HB grade
1~20]lt} Z]iHH 50% Aol 5o} Qb 417 HB grades
WREA L] %*=14.000, P< 0.001 08 §-0]4S el o]—cd
CHTable 4). ©] TollAl & F5 A Mol 120% S7H=I8L
HB grade 221 24} 118, 100% -4 = 9131 HB grade 291 ﬁ‘rl}
31 o]}tk &, - E e SAE AU FA = AR
HB grade= 7FH2 21 WERd o]t} A 112£20] 57}
L g 28 A IRE 7197] 98] up o] A%} wrobA A uf
H7H A 710 v Hok d o] A 4= Qlrf, 1250 ¥}
L AU HB grade] 718 o}3h= = 7€) A7) AF=o] A
S YA Sl A =S £ 4 §lal vl a A oRdt Al=
= 7| wizoll A7} obd KA Q1 obd 417 o S UE

rd

Table 4. Correlation between a reduction in amplitude of more than 50% of FMEP and postoperative facial nerve outcomes

Postoperative facial nerve HB GRAGE

2

X
HB grage 2= HB grade 2<
Baseline to final Amplitude 50%< 13 (100.0) 0 (0.0) 14.00%**
50% = 0 (0.0) 1 (100.0)
Total 13 (92.9) 1(7.1) P=0.000

Chi-squared test, *£<0.05; **£<0.01; **,<0.001.

Figure 4. An example of facial MEP
recorded from the left orbicularis oris
(0. oris) and mentalis. In the left
picture (A), The facial MEP response
is 300 uV in amplitude, generated by
transcranial electric stimulation of 5
pulses, 2 ms ISI and 300 V (A). During

www.kjcls.org
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stimulation, the anode was at M4 and
the cathode was at Mz. On the
mentalis rather than orbicularis oris,
a smaller stimulus artifact and a
larger CMAP occurs (A). Whereas in
the right picture (B), a smaller artifact
and a larger CMAP occurs on the
orbicularis oris rather than mentalis.
FMEP Recorded the o.oris and mentalis
together can improve the accuracy
and success rate rather than FMEP
recorded from only the o.oris.
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O] A& HSkal A W2 Fof s Fool| QP 4174 9] 7]
AR A S &S 4= Qlrt. 2 =0 B2 o] HALY] &
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