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Recent advances of brainstem auditory evoked potentials during

microvascular decompression surgery

Byung-Euk Joo™

Department of Neurology, Soonchunhyang University Seoul Hospital, Soonchunhyang University College of Medicine, Seoul,

Korea

ABSTRACT

Hemifacial spasm (HFS) is due to the vascular compression of the facial nerve at its root exit zone (REZ). Microvascular decompression
(MVD) of the facial nerve near the REZ is an effective and curative treatment for HFS. Since the cochlear nerve lies directly adjacent to
the facial nerve, postoperative hearing loss frequently occurs during MVD surgery for HFS. However, the rate of postoperative hearing loss
has decreased since introducing the intraoperative neurophysiologic monitoring (IONM) of brainstem auditory evoked potentials (BAEPs). There
have been many advances on this field in the recent decade. This article aimed to review and present advances in IONM of BAEPs.
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A2 A Z2(hemifacial spasm, HFS)2 HIZIZIS
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A, BE =5 2S(orbicularis oculi muscle)o|A] AJ&E]
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Z(facial nerve)o] U2+ A=A 7|A1 ¥ (root exit zone,
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(facial nucleus)®] 7|54 ®/do] WAt A7|= Aoz &
HA Urh. HFSY A&+ da4174S dtehs @3 =1
Al71= M8 3Y<E(microvascular  decompression,
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T YA HoltH4, 5] HHRA &2 ot 2 o

7HA] o] &2 whAEl 4 Qltt Ak g (cerebellar retrac-
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(vasospasm)2.2 QIgt 5|8, =& F 744
A= HEE g=(Teflon pad)e] & 5{6] MVD & &
T YA PPELS AA HE71ZZEA (brainstem
auditory evoked potentials, BAEPs)E ©]83t 5554174
A2l A Hintraoperative neurophysiological monitor-
ing, IONM) AANE ABSHA] ek 74-F, thek 7.7%ClM 20%
7HA BAE|TH3,7]. SHASE, BAEPsE o]t IONM At
7 EYE o]F, T FYAHL 2% olstE A A5
1, @A BAEPsE -85t IONM-2 HFSl thet MVD A|3
Al E4ARl HARRE oA Qi
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$27h durd oz A7 HALA AMESE BAEPs+= gt
Hol ZF08 Aojzl shte] BAEP T}3o] ofuzf, o8 ¥
9] AFFo g AojR E=9] BAEP TS A A AREsh= A
ojct. 1¥7]o], IONMoA &-& 7153t BAEPsE ¥ W,
zAo| 7hset 83 W7t 27FA)7F =], shbes A=l
E(stimulus rate)o], THE dlit= B384 (averaging
trials)°]t}. 20069 "= 4174 2] ek3](American Clini-
cal Neurophysiology Society, ACNS) 5= 10 Hz °]4+<]
B2 Z=-2 BAEPs 39| ZES 95 52 TaAd 98
7F QlolAl, FARI TS A7) YsiAl= 8-10 Hzel R
AFRIES] AARE AEFITHE]. E3L o4 7hsstal A
3 & BAEPsE @71 9all, 1,000-4,0003]9] =2 Batst
3147t " stk AAFCE ACNS7E AIASE of2gt AE
w2}, 10 Hzol AFERIEe) 1,0008]9] HAshBlg 283t}
H, 39 5|4 7Hs39t BAEPsO] TES A o] 10029 A
7to] AQH) AHo] fHE gRlIst] ol Aldst= <l
AAMLS] AAETE, HIE AlRto] o A#e Aett g
B & ot AV} A =t sk T EEEe
2 sk A3 55w &6k, ofE ook ot
+= IONMof|4] BAEPsE ¥+= | AR o3 Al7to] 29

§, ol F8 4H9] &4 ARE YR =A ERIsH Hof
FTARI AFEF O R o]ojd 7Rs/do] EoITHI]. SHAIRE,
A9t 2] IONM “gH|9] WA g A15-343 Hl(signal to
noise ratio)7} A /§A=E}AT, IHI=(high frequency) At
=2 AT O 2 AV =AY 1 A=) Aaste], 1
HE A= HAPE 7hssisieh AAIE, 20169 Joo 5 40
HzolA 100 Hz7tA 1HlE AF=-S o]-83to] BAEPsS 4
St GA| IR A= ARGAl | 1] ofto] gt
Be= Hol FRTHIL. § Yot A= ¥leE 43.9 Hz9) 1L
Hle s AR AJEollAl, Bast SIS HSAZIHA 71 A
AR AlHSIRAL, 400319 Bet SRS AR A9l
1,0003] H4t3} Sla=e} Zjo] glo] ARl HgS S
U FRIskoT) ol U5, Joo 5= 719 <=zl
AP T2 43.9 Hz9) 1HlE AFHIE9) 400312 A3
Hog A2 Htd} Sl A3 =L FAF RS AlRbeE
3, o] Ao A-8sto] shte] sS4 7Rsek BAEPs ¥
9 Agle Al 102 vRke 2 SEAHHTable 1). © W
o7}, BAEPs £749] M2 ®41& 28519 o, ofd 4]

I BlwAl pEF FYadE IA AR 5 e AA

Table 1. The comparison of the stimulation methodology for
brainstem auditory evoked potentials (BAEPs) of the intraope-
rative neurophysiologic monitoring

American Clinical

Neurophysiology Society [8] Joo et al. [9]
Stimulation 5-12 Hz 439 Hz
frequency
Numbers  of 500-1,000 400

averaging trials
The time to 100 s 9.1s

obtain BAEPs

SFITH4.02% vs 0.39%, p = 0.002). H, the w2 A
Ex AFHE 9 s} 35 #isks o, 30% ofdof 3
o] 7H53t BAEPsE A= W41S #-85to] IONMol| &85}
3L QAEH10L.

2) 715 4ol w3t

BAEPE FEs| 93t B2 7129 £&2 Hu} AARE 10
-20 A= wjR] AAo] e} C2'E 71L& Stof, REH]
Hpreauricular) T ZA|E7](mastoid process) A=+
ARERITHT,111. of™ 7129 HHAlE AREAl, HES A
(near-field potentials)oll sgot= =+ 13 ok 113}, YA
2] B9 A9 (far-field potentials)el] SFoh= o 111 E]
g VE A doh. ZHES Aflet 2, dA= 59 A
= ARl XFo] AT 4= Slth. IONMOlA= BAEPSE
283 off, & 19 VE 85l7] d2el, BAEPsY A
591 ALY g FES FIAFI7] Al Greve =
Aol A2 H(infratentorial approach)2& $&S 2
3079 &Kol F 1572 £ HIThE o= At
FIStolt} HXE7] thAloll Erbe] H(EP)A 71545 vix|st
3, BAEPs 332 7153t3itH12]. oAl 715 59 §1A]
£ WSS o, o IV 9 5k VO Z1Zo] ol HARH
I} H|wste] oF 40%-50% S7HRIO R HolElal, o]E 53
& F Hoh 33 QFYZQl BAEPs g 4g & tia

AR,

2. A1 7|&9| HsKThe changes of warning criteria)
BAEPs®] IONME AMEE of, BAEPsS] o] oy 5 Il
7I1Eo® & w1y V7t ol8HHH4,5,7,13]. o= T3 V7t
o mHgo] Bls s, v ek diEoE o
FE 9 ¥7] gEo|t}. o]Al= MVDO4l BAEPsE ©]-&3t
IONMo| H5HAR A=E FUAE, o435 a5 84
AZ A &5ck= BAEPs2] 1L 7]%o] et 3HJ7t o] Foi %] X
24t #A, Polo 52 Wy VY FE7]|7F 0.6 ms AFE
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= Ao &5 HY AT} Aol wohal AXSHATHAL
Grundy 5 wave Vo] ZE717} 1.5 ms 942 BE 74
1 71E0 & ARESfiok il AAIFITHT). ¥HHE, Hatayama
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Ve ZE vt Hok /83 A1 7o)l 6keitt
[14]. 22, Thirumala 5 3}+3 V«] HE7] 9 =2 A=
o] HAaKT= uy Vb YA ?
7t e 3 AY AT FERl ﬁ‘_ Jo
(10]. I3 1 VY 57 1 ms 9 2 2159 50%
A 1ol 31 F 10.2%, YAA J e AAE HQl QX]'
L 25%, 181 IFAR] AALS Hel IS = 60%7
AR olojFthal Hslet fief Zo] wpA {83t
7120l tiet B2 A1 Sleole &k, oo et 35
H 7]o] B o Hs] B2 AAES FFEHLE 2
3] A% BAEPs 4 119 V9 7] 1 ms ﬂﬂ T2 2=
50% AAE Ai 71EoE ARESIITHA, 5.
o A1 7] w9 Azt EAolH. AL 7]—.—0] i)
3%, ol ERlsta wAgst] flsf ELasHA o W}O] A
A=, o Yol BEEQ3 2A0E & F PHFOE o]
ojd g0l 7] wizolct. o] thsf Park 5 &
g AT A AL 7ES gEsh] e, 9329 gt
LIZAS IS HFoE A[¥E MVD 5 7|55 BAEPSQ’r
& T Y AR ATFES EASHITHTable 2)[15].
=2 14 7hsst shuke BAEPSE 27] 98l 43.9 Hz #F
= RI=9} 4003]9] B3} S5 AlFste], oF 9.1%%t
BAEPs T3S 9= W4l xqg_a}gi % 93219 & &
11%8(1.2%)2] oA =& & HY 2Ao] W)
& < BAEPs9] Jdf BI3}E 7|E0 = RA6I9= o, g V
9] FARl AAS HRl AL 1190]%d=H], °] F 61

(54.5%)°] += F F4 24de B3, 7 Vo A<

‘!‘—-—‘

HH>
—{O]t
B oo

AAS WOl 82} 279 F 279(7.4%), 191 5y Vol
50% HAE HQl T2} 96 5 21
A& o]ojFrt §H, JJJ("* Vel 2=
ol g A= F 1947801
=8, o] IS & T FY AR o|ojA|R] itk Al
of, 7] AR Bl 194789 A= F 308 TAl= 2
ms OJFe] 7| AFOoE HJol o] I X3
T 3 AR o]ofR]A] Uit} AFHE2 MVD F &
3 A AAE ASo17] I3 BAEPs AA 7129 B
A4, oo Vel JEQl A2 99 4%9] =2 B0l
£ Bon, AN AL 96.7%, K& 50% AAE S5
St FE7] 1 ms 2 86.5%9] —OIE— Hojok WSl
o} o]H I AE HgoE, 52 ‘ﬂxﬂ EE&H U=
g Vel &E7] 1 ms ol A 2 2% 50% ol A4l
A1 712 e T Y 4S9 3}‘_ o] FA4sictal
oI 184, § Yot MVD 5 S § Y A4S
ofstr] f1et A 7ol el that 22 9AH 55
(sliding scale) o] Bt} A&slcha Aotsiyich. ) 2 A5
(observation sign): T+ VO] Z& 50% 4 glo] FE7%
1 ms oW 9% 2) A1 AZ(warning sign): I Vo] AE
50% o Aot A, E7] 1 ms o A% 3) H1E AE
(critical sign): T Vol &4 MVD &% 5 T A%
(observation sign)7} W&E 39, HARN= o]& Yoo
Al v= dEu, =97} oof W85kl BAEPs &S H°}
ZAE Fol7] eh=th. sHAIRt A1 (warning sign) S
A& A critical sign)7t TEE Hol=, AR olE ‘ﬂ}
2 FJrofoA Mesta, HEo= ol whgsto] 2 52

71 1 ms 9 =2 2
2.0%)9] A7t 44
ZHa glo] ZE71l 1 ms

1=
bl
e

l.

FES T, olF | 8 2AE FHoks A Al
kst
3. I 19] £2M4(Importance of wave [)

HFS9] MVDOllA A1 7]1Z0& m Vol A& 50% ol4}

Table 2. The association between brainstem auditory evoked potentials (BAEPs) changes and postoperative hearing loss

The maximal change of BAEPs (wave V)

Patients, n (%)

Postoperative hearing loss, n (%)  p-value

No change
Only latency prolongation (=1 msec)
Only amplitude decrement (=50%)

Latency prolongation (=1 msec) with amplitude decrement
(=50%)

Transient loss

Permanent loss

596 (63.9) 1(01)
194 (20.8) 0
8 ( 0.9) 0
< 0.001
96 (10.3) 2 (2.0)
27 ( 2.9) 2 (74)
11 ( 1.2) 6 (54.5)

Total

932 11 ( 1.2)
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A B2 IEI] 1 ms oA} IAo| A}_&goqx]u]- T AT
oM mHg Vo] 4ol Bl 7IEez e Fago] ERlH
e}, HES®] MVDE Al ), 1+ V7t ’\“01 AL A
& 7 7K BE wido] wEEh (1) 3 158 EE w3
24 Ee (2 49 [ fAE AEelA 31 vl 24(Fie.
1. 1 [ 20| +Y(cochlear area)ollA BE=7] Wi
o, MVD ¥ g%0°] #99] &2 w1 [Z Zslo] BE
BAEPs®] €73t &4 = o]ojd &= 9t} 3], MVD & 23
(vasospasm) 22 Q5] E5fo] 79| 5|84 Aol T
A 35 1Y IS ZAsto] e BAEPs?| &Aieh ado] i
AYRIEH6, 111, SHAIRE, MVD & 230] -2 &/4do] HA] ¢
= JHOIA AR PAEY] LA 2 B I Ve
SAEARE 3 12 FAE 4= 3tk Joo 52 HFSS &A=
°] MVD &<t ”Jr%‘ V 24 Hel 36799 et AlwE 24
staltH16l. o] 5 12%8(33.3%)9] ST 113 & E3tsto]
= BAEPsO] &gt 245 HYltk= Zle 91'013} i,
g o HekE H]l &S MVD Al & A &4
ﬁﬁﬁﬂ 7Fs/del &32H(p = 0.009), “WZOM' oJgx
> A9 &4 99 & T HIErt FolsHA L
ShTt. E3E, o] ddtolMe oy V Aol EAsh= Al
EAGIAAL, 1F Vol 242 MVD9| 8 I (AHFT

tlo

o f

:1 2 HEE =] 49 ofFof= ¥IvisH 8T 4 3l

o2 BRI A, ARE2 MVD S FEAadE oY
a} &7|Z o|g 59] Azt g Z0] MVDS] &8 3H4 o]
Folle WAL < 32 AAISHH, HFSOl| tigk MVD &4
o o] 5| TrE W7t Fo7t Bk JEsIAr

4 ZWIE Y H
sign)

HFSS] MVD $&ofA AxthE|x]ZHcerebellopontine
angle)°ll 67| gt AHFFHS MVD & 5 A<t
A Fo &4 dRleE IEA SltHol. AFEHS

Ajajehn), 14e9A1740] WAL W] dat BARPse]
s} M2 LA e,

H31o| ZQM(Importance of prewaming

1) Iy |2 H%

AHeRe-4Ao] HE7|& 0 R FAA w T4 (2) o 11
HE A% AHeRe417o] HEV| oA HojR= &S FAZ
o WA, Park 5= MVD ¥ AHFIHES T o, 5+ v
717|129 HAY A9 WStE AL, 1 9nlE BTt
[17]. HESOll s MVDE Al34%t slrx}— o= & 5
BAEPs9] T V Z1E 50% ol 4 22 7] 1 ms o

Latency prolongation (21 ms)

or an Amplitude decrement (2 50%) of wave V

Total 241

/\

Wave | change

Wave lll change

81 160
Wave V loss 26 (31.7%) 42 (26.3%)

Transient loss Permanent loss Transient loss Permanent loss
24 (29.6 %) 1(1.2%) 32 (20.0 %) 10 (6.25 %)
Postoperative hearing
0 2 (1.2 %) ERLE DT —
loss

Fig. 1. The differences in wave V loss and postoperative hearing loss according to two different patterns before the occurrence
of the significant changes of brainstem auditory evoked potentials during cerebellar retraction of microvascular decompression.
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F& 52l 24179] ¥A19] MVD % BAEPs HAIE £4s}
th MVDOA &XFFE Astls o, uHg vel B3
1= Bish g A g5 S5 w9 157E 7] 0.5 ms
oo S HAAL, WA S 3k 19 7] Hst
glo] T 1119] FE7]|7} 0.5 ms oo g AAE Qi) zkzt
FEE VS BASIE o, AT AlPA 149 19]
A= 7] W3} glo] kg 1119] #E7171 0.5 ms o0& 1%
< ol AL AA A 2/32 FRIF QML) ofA AkH
A Ha7E 24 Ao BAEPs Hse] F242 3RlIsl]
SIeh k2t 15 2ol BAEPs®] 7 41zrek skl 349 vel
A48 Hol FAE] Hix I HFHoZ MVD & HP4A
< HQl S Wl s BAGH S o, oH Vol &S |
l 11789 &4t 5 1078°] AHFHBH AIFA 3 19] &
7] W3} glo] WA Jﬂroﬂ 18] ZE717F 0.5 ms oPo= A%

N

< BT, MVD ¥ HEAAL Bl 539 IAEL AN
74| 9i9h 22 BAEPs] WSS HoiRsickFig 1. A4}
S AbrtE Y]zt $HO| REZQ] HAeke-4179] =271 A
Hos ofsirlol, AusRRIA AZie &xow ool 7}
57301 =Tl £A4I5191A, MVD & AXF A oy VE
ofle}, oy 13wy 1119] 5715 HEs| gRlshk= Zlo]

T YA ol o Aol AAstelth
(Fig. 2).
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Prewarning sign

A latency prolongation of wave | (2 0.5 ms )

A latency prolongation of wave lll (Z 0.5 ms))

1 e

Warning criteria

or an Amplitude decrement (2 50%) of wave V

Latency prolongation of 1 ms

Maximal changes

+ Only latency prolongation (= 1ms)
= Only amplitude decrement (= 50%)

+ Latency prolongation ((> 1ms)

+ Wave V loss

(Transient or Permanent)

1 with amplitude decrement (= 50%)

A A

Hearing loss

No hearing loss

Postoperative hearing loss

Fig. 2. The flowchart of brainstem auditory evoked potentials (BAEPs) and postoperative hearing loss during microvascular
decompression surgery for hemifacial spasm. As latency prolongation of wave Ill (= 0.5 ms) during cerebellar retraction is associated
with the serious BAEPs changes and postoperative hearing loss, from latency prolongation of wave Il to the significant change and
wave V loss of BAEPs to postoperative HL highlighted with the red arrow and bold box.
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