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Brainstem auditory evoked potentials during microvascular decompression surgery
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Department of Neurology, Soonchunhyang University Seoul Hospital, Soonchunhyang University College of Medicine,
Seoul, Korea

ABSTRACT

Microvascular decompression (MVD) surgery is frequently performed for cranial neuralgias that are refractory to medical treatment. These
cranial neuralgias include trigeminal neuralgia, hemifacial spasm and glossopharyngeal neuralgia. The basis of MVD is the arterial
decompression of the nerves at the root exit zone to give rise to the symptoms of pain and hyperactivity of muscles. Hearing loss due to
injury of the vestibulocochlear nerve was a common complication of these procedures. Injury could occur through traction during cerebellar
retraction, ischemia due to vasospasm during manipulation of the offending vessels, mechanical or thermal trauma during vessel and nerve
dissection, or compression from the inserted Teflon pad. Brainstem auditory evoked potentials (BAEPs), the short-latency evoked potentials
by auditory stimulation, are highly useful for monitoring the infratentorial auditory pathways during MVD surgery. Postoperative hearing loss
has been greatly reduced with advent of intraoperative neurophysiological monitoring (IONM) of BAEPs. This article discussed waveform,
techniques, interpretation and different patterns of IONM of BAEPs.
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facial spasm) 3 51414 &(glossopharyngeal neural-  siological monitoring, IONM) ZAP} =4 o|%, &3

gia)& FUShe HAVAl et ARl B Ak AT gejadle 2% ofslE A #AsIglaL AlE BAEPSE o]
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/mastoid Z=FollA QoXIt}H9]. 2] F-floA F=4S
= 182 f&(upward)E Fol= THFOE 715EH, 9
&2 Fohe 43P0 AR ErfeAtE HAE . izl ot
P2 10 msec H¢] QoA TEE T, 1Y [FE o VII 7}
A 71Z=H, olF =g [, 111, V7t A&3Q0 P& Hol, 9
A4 L IONMojlA Z-&FTt.

113 2 9= S2he 1 § 7P Aol s 13
o= 55 7 FAFADIA &40l HER = Adel Cz-
AieA = BEEY, SRS A Cz-AcolA= 7150] HA|
=t 1 [ S Adolie A BkEl= ool
= AdolX = FARH Wt T 1112 4= AdollA
W=, g7l 55 AdollA S78E Aol viE Adat v
o] HZo] IA Tt 11y 45 EA|(complex)
+ BAEPs 5 7HF FEzl ggolH, 113 4-5% E3HA o]
T 2 A= 3249 mY(VN or slow negativity)°] 4
msec 5%t o|oX|BE A o] ZRssith 3t Y V&
IONMOA ZF=A17] D &= Rl $sto]l 71 J43ks AA
gtou g BAEPsE o]-8%F IONM #HAR 7 17|&(warning
criteria) 22 F=2 L=}

si5:st™ 7|l(anatomical generators)

BAEPs©] 7|90 Tt 7120] A% IYES 2w, sl
sfsky 7380] 217 BAEPse] WIS el AAH A
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A=l SIEH10L. SHAIRE 444] BAEPs®] 2 3hge sk
S} FEBS St obd Het BaEel A0 Lol

A1 A

UTHI1]. &, 19 & doks oiFahd 2= shull A2
2 d9A Qla, 1y [ o9 =13 -9 VID2
2] FEREA fEE M7 A Aoloh w2 A4
739 7P I RA(EHol oM FEE= AR dEA
Ut IBER, MVD $& 5 FZH4174Y 29 proximal
part; Root exit zone)7t €42 7%, BAEPs & T [
FAEDL, 11 o]%9] wo] wigt 9 Ao HAsHA .
Y [[= F2 g9o]d(cochlear nucleus)?] A7} ZgHe
™, R HZH7EY] A7t EdEo] e o 112 9
23 B3(superior olivary complex)= Egsto] wa|tte]
Y g7l(caudal pontine tegmentum)ollA S&E HAS ¥t
Fereh gHoldHoA 8 254 (ascending tract)S &
Z/0)7] fi&el, 1 12 58 ofzt, HiiSolA
H AHE A utA "ot E3L ol e 9] $kEofgk
B0 9l A% WY 12 S 55 Aok A=Fsto] +
2l BAEPs AollA Btk 24 FakE W= 0= A=A Sl
CH11). o Ve Ve sfiiels] 7] wf¢- IFs] Sl A
o7 A S, Y V= F& o] 4F F-9l(rostral

0
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pontine)?] 25X Z17(ascending auditory fibers)?] Z
E FHdok= AR IEA glor, 1y Vi S| (mid-
brain)9] ofl =€ (inferior colliculus)®] HAYE HIIsH=
Roz A St o VIZ VIS AEF-EA (medial
geniculate body)e} 22 Ht} AH O] F2E9] HYE HIY
SH= Zlog gEA itk

AL 2 (methodology)

st 29 A=l sl fEE
= J/gst7lell S| =4 A
of SIAYL, A7t &2 dod FrE A AT 4 qirh
kA o= 100 dB sound pressure level(SPL) = 60-70
dB hearing level L)Y A=A717F o851, wAPRS
(crossover responses)= 7] 98l AALE F o, Higi=
HAelli= 60 dB SPL H4= 30-35 dB HLO| ®MAS(white
noise) A AlFgITt A4 EFARA thojojigy
9] z7] &2&do] =t S=(condensation)¥} 34 (rare-
faction)ol2h= 27FA] WH4]o] 7ksgte], IONMOA= A=
Zl(stimulation artifacts)g ZAslol7] Yol 53 34
S WHZo} ARSSH= W= (alternating polarity) A= 5
Alo] F2 AREEHTH

27t it o g A AARIA AR BAEPs= ?F
Hol A=0= Aojzl S| BAEP 1jado] oz}, ofg] ¥
AFo7 dojxl E4=0] BAEP mH& A A ARESH= Aol
o} 12719, IONMoJlA] &-& 7hs3t BAEPsE 2 o, &
Zto] 7hsdk 8% W 27FA7F =T, ole AERlE
(stimulus rate)?} Hatsksl4(averaging trials)®]t}h. 2006
| o414 A28 5] (American  Clinical Neurophy-
siology Society, ACNS) 5= 10 Hz o]42] A=-2 BAEPs
139 ZFE HAAA 227} QlojA, 8-10 Hz9 ¥ A=
Q0] AARPHE FARTH,12]. T3 ACNSOA= 84
7Fsokal A4 U= BAEPsE 7] 95, 1,000-4,0008]<]
E2 Yo} 37t Basital AAFT ACNSY| ArE
g 10 Hz9 A=HIEe} 1,0008]9] B3-S 283tct
9, §F0] BAEPs?] & f=tl 10029 AlRto] £8%
o} ¥o {55 ERlsy| sl Ak <l HARLS] HAL
g, v]Z Aj7lo] o Ak Hast nge AS & ot
A=A g=tt. sHARL e FFoE W6k 4l
A&A) 55w EQlst, o] Wolof k= [ONMOA=
BAEPsE ¥t A os Q3 AlZto] 48 A%, ol F
8 A9 &4 RS A st 3EAE 5= = 713
£ =3 27} Qleh sHARE A9 D] IONM AH|9]
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07 A5-%2 H(signal to noise ratio)7} 7JA1=|a, 11H]
T A= AR o WA 5 Qs 1 9fgo] Hasie] ot
Q% Z= AAPE 71 sis AAR, 20169 ARRE Zget
U A2 43.9 Hzo| A=5H1ket 40039]9] HtSleE &
|59 uf, A= & 9= BAEPsE Y+ Aol 7HsdeR
Hsda, spte] o 73t BAEPs det] A= ARk
< 10% vRto g TEAIZTH13]. o Yo7l BAEPs 79
AEL BHAZ ALE5I9= o, ol AT BlwAo] &%
FELAS IA F2AE 5 WSS AAICHATHA.02% vs
0.39%, p=0.002). &, & &2 AFEE AR 9
B3} Slaeo] ¥k S0, 30% o|uje] siiAdo] 7153t BAEPs
£ = WS H8sto] IONMef &8sl QtH14,151.

A1 7|=(warning criteria)

BAEPs9] IONM= A& o, BAEPs9] of8] 13 & F&
g V7} ol & 10l o= wg V7F thE wHof Bls &9
stal, upo] isiAE iAo R Fks g vy gio|th
o] At 4017t BAEPsE ©]-8%F IONM A8< 7%, MVD
T FET JYAAE UT 4 Slvks 28T SASC B
o] ATH171. SHA|gL, oHs] &F HYAAZ dSoh=
BAEPs9] 71l 7|20 thgh gHej7} o] R0 =] x| ¥kt kA,
Polo 52 oty V9] ZE717} 0.6 msec GFE = Ao =&
T HYaAT Aol il AASHATH18]. Grundy &
2 wave VO] FE717} 1.5 msec 94E FL-E A 71E0
2 AREsfop 2t AAFEH19]. BHHE, Hatayama®t
Moller 52 T3 Vo] JE7| Q42 P og v 1= 3
429 BHE T, £& T Y A4S BYY SR04 ug v
E AL 7| AFET foJ3k AlolE B, 13
Vel & AV Bt f-83F Aal 7|Eoleal sttt
[20]. %, Thirumala 62 T9g Vo] &E7] % &2 X%
O] ZHAET= uHy V7F GAIA B2 FHA 0 e HS

7} T A AT FFAQ Aol lrkal Harsoltt
[14]. 352 o8 VO ZE7] 1 msec F% &2 FE9] 50%
AAE HQ 3R} F 10.2%, IAIARI 1 A4S HQl 3Rp
= 25%, 283 FAR1 &S HRl s F 60%7t FH
2AE olojgthal Hrsieinh flef o] BA {835 H
71 izt B2 A7t o= EtotaL, olof Higt 3%
H 7]20] ARSI ojHs] B2 A FHHCE 2
3] A% BAEPs A Tg VY IE7] 1 mec 9% 2 %l
50% AAE O 7102 ARESIT) ofx|Th, FAgest
7] wi$- AR EAlolot. Al 7)o st 4%
o|F gRlstal wAgsH| {8l B asH saAlite] A
1, § Yot gt R0 & F S OE oo
1ol 7] wiZolck olof tish A4 HolAl= = &
Y AT AT A 71eS gk flsh, 93279 Bt
HAZAS TAE W2 E ABE MVD F 7155 BAEDPs
o =& T A AR AIE Bt Table 1). 1
S8 34 7153t slte] BAEPSS 7| 93l 43.9 Hz A=
Hlw=9} 400%]9] Hatdl S5E Aldste], oF 9.1% R
BAEPs @<= A= HHAE A851901, F 93289 et 5
1178(1.2%)2] SAloA =& F FE Alo] THEHJH. 5
< % BAEPs9| |t #I3}E 7|E 08 BAGIS o, oy V
o] FFARI 2AS HQl R 119010=Hl, °ol% 68
(54.5%)°] = T Y 2AS B, 15 VY GAIAERI
A4S el 3/} 279 5 278(7.4%), T18jaL 1 V| R
7] 1 msec 9% B2 AE 50% AAE HOl 8 96 =
27(2.0%)9] SR A AR olojxlth §HH, 1jg vel A
Z 74 Qo] AE719E 1 msec oM AFE = F 1949
ol o] FAEZ e T HE AR o]ofX|R] ot
AR0], FE7] AARE B9l 19479] TS F 3019 T4
£ 2 msec O] FE7] FoE HY oL, o] A= EZH
T T FY AR olojx|R] it AKEE MVD &
Y AAE d=57] 5t BAEPs A 7159] Bl

oY

o

¥
¥
Job o

Table 1. The incidence of postoperative hearing loss according to brainstem auditory evoked potentials (BAEPs) changes

Groups The maximal change of BAEPs (wave V) Patients, n(%) Postoperative hearing loss, n(%) p-value
A No change 596 (63.9) 1 (0.1)
B Only latency prolongation(=1 msec) 194 (20.8) 0
C Only amplitude decrement(=50%) 8 (0.9) 0
I i i A S 2 20
E Transient loss 27 (2.9) 2 (74)
F Permanent loss 11 (1.2) 6 (54.5)

Total 932 11 (1.2)




82

Byung-Euk Joo

S Ao, 1t Vel 7491 A2 99.4%2] %—E“— &
o|E HYow, UAHQl AAL 96.7%, HAE 50% H4AE
SHIBE FE7] 1 msec A2 86.5%2] EO]E—- Helokn
vgsigitt o)A A AvlE vigtoz 5L A 58

I = T Ve FE7] 1 msec o)} A T2 XE 50%

ol TAY A 72 e T Y M-S et B
HAsitial 61t 8|3, © Yok MVD & & &
Y A4S AYsl] it A1 71zl el vhaat 22
A& S5 (sliding scale)’o] Eot HFsitial AIsHATH
(Table 2)[21]. 1) 32 3 (observation sign): T+ V| A
£ 50% #4 glo] FEZIT 1 msec ol A% 2) AL AT

(warning sign): T V] 2= 50% o 74aet 3, &
7] 1 msec ©JA 9% 3) Y3 A (critical sign): TFF VY

. MVD 4% & 32 A5 (observation sign)7} Zz=
, AR olF Hoof|lA vi= dEjut, Yo7t o]
Slo] BAEPs 352 913t 225 Fob7] Y=tt. sHA|vt
A (warning sign) T2 9 AF(critical sign)7F T
o=, HARPE olF HiE HEololA Adstal, H=
olof] §k3gsto] 2 F2 &2 oo, ol st

) 91 £ Fk A2 Ak

o Pr

ooy,
r‘r " w oE do 1

N {o

ald
FO
re
ot

QfAf(major change patterns)

4ol %s}ﬂl %u} 2 B 1 18 Eqpel] mE
BAEPs Tgo0] 245 S Hol1, T T 3 12

Table 2. The sliding scale of warning criteria for brainstem auditory evoked potentials (BAEPs)

The sliding scale

The change of BAEPs (wave V)

Measures

Observation sign

Warning sign

Critical sign Wave loss

Only latency prolongation (=1 msec)

Latency prolongation (=1 msec) +
Amplitude decrement (=50%)

Notification & No surgical corrective measures

Notification & Stop surgery,
Rapid surgical corrective measures

Notification & Stop surgery,
Rapid surgical corrective measures

End A

Dura closing

Retractor removal

Teflon pad insertion

Dissection of vv. and n.

Identifying the offending vv.

Retractor insertion

Dura opening

Start

Fig. 1. Example of brainstem auditory evoked potentials (BAEPs) according to wave | persistence in patients with wave V loss during
microvascular decompression surgery for hemifacial spasm (I: BAEPs with wave | persistence; II: BAEPs without wave | persistence;
(A) surgery start, (B) dural opening, (C) direct microvascular decompression procedure start, (D) direct microvascular decompression

procedure end, (E) dural closure, (F) surgery end; A: wave V).
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FAE Aefol A o [15E A4S HolA "ckFig. 1). Tt
3 Io] IS 7wk RA(EHolt Q)M =7
2o, @o|tH 9] 4o sk A4 o [ ZTH
L= BAEPs W39 A4S HolA Hoh gifo]tg2 Qo
i =M(anterior inferior cerebellar artery)?] E2]21
UYEA =M (internal auditory artery)S £3] EHTZFL
w7 wgligof, 2 giA(vasospasm)©l gt Eol1H
Z3MZ(cochlear infarction)©] TS 73S ojd HslE H
oA ®rH22]. T3t =Z&R(drilling) &2 HE7] WFo=
7474 BestA Fot GAE o, GifolgY m|E
(labyrinth)7} 42 A9o= oty [ ZFSH =& BAEPs
}go] Adlo] BT 4= ok §HH, 1 12 |AIE, O
o|%9] WP AAE= Hf+= MVD I F 741 Y
295 (proximal part; Root exit zone)7} ZFH 072 &£A4F
Eo], gufiolqte] 9 HZH4A7] YRR &40l ¢S |
HAYRITH10,23]. AR 23 I72 HEd = St
oA MVD & % I VE B9l 3689 A= BA519S
o, 71 5 2478(66.7%)2] TAf= T3 15 FARE FEZ HA
1, 12%(33.3%)2] TAk= Y [E 23oto] BE 1o &
AS HITH24]. ofH #aF EASIelS o, FaL 7|l o
2t S Sk, JEe A8 HPSolE F 85y
i =% HY S B o] F 6 A o [
ZIRE IE o] AAE HQl 3RS0t T3 1 &
ZIRE e mgg o] AAMS HRl IRES & § HY A4
Qlof] ojX#H_F, olF(tinnitus), FHAl(diplopia) ¥ 4147
(hoarseness) 5 T FH5E°] Hr} ¥IHsHA TE= I
olF &9fl, w VY A4S HRl TRt FoM L, T [HE
2AE Bl SRS Hoh 4213 & SRGOE olojd &
yon= Hrp g2 Fo|yt JQsirial HiEQglth

2 HolAek 545 2N 908 B 2loleke 4
245t $952 S 4 9T, BAEPSS 0183} ONMO) =
Qo MVD &2 Qg 3 o] ZA asleirk Tk
BAEPsZ 0}83 @78 §4, @bl wish, 41 7|
Zo] wrh HWSIAEA], BAEPs 7AI] HUE 9 8ol
S7Yotth. S BAEPsE 35 IONMO] thst st
T So), MVD 3 HY 242 mPslo] 4% F3350)

3
Al A7t 9718 7ldeEs,

Ethical approval

This article does not require IRB/IACUC approval

because there are no human and animal participants.

Conflicts of interests

No potential conflict of interest relevant to this

article was reported.

ORCID

Byung-Fuk Joo, https://orcid.org/0000-0003-3566-1194

References

1. Mpller AR, Jannetta PJ. Microvascular decompression
in hemifacial spasm: intraoperative electrophysiolo-
gical observations. Neurosurgery. 1985;16(5):612-8.

2. Barker FG, Jannetta PJ, Bissonette DJ, Larkins MV,
Jho HD. The long-term outcome of microvascular
decompression for trigeminal neuralgia. N Engl ]
Med. 1996;334(17):1077-83.

3. Resnick D, Jannetta P, Bissonnette D, Jho H, Lanzino
G. Microvascular decompression for glossopharyngeal
neuralgia. Neurosurgery. 1995;36(1):64-9.

4. Legatt AD. Mechanisms of intraoperative brainstem
auditory evoked potential changes. ] Clin Neuro-
physiol. 2002;19(5):396-408.

5. Barker FG, Jannetta PJ, Bissonette DJ, Shields PT,
Larkins MV, Jho HD. Microvascular decompression
for hemifacial spasm. J Neurosurg. 1995;82(2):201-
10.

6. Radtke RA, Erwin CW, Wilkins RH. Intraoperative
brainstem auditory evoked potentials: significant
decrease in postoperative morbidity. Neurology.
1989:39(2):187-7.

7. Acevedo JC, Sindou M, Fischer C, Vial C. Micro-
vascular decompression for the treatment of hemi-
facial spasm. Retrospective study of a consecutive
series of 75 operated patients - electrophysiologic
and anatomical surgical analysis. Stereotact Funct
Neurosurg. 1997:68(1-4):260-5.

8. Sindou M, Mercier P. Microvascular decompression
for hemifacial spasm: surgical techniques and intra-
operative monitoring. Neurochirurgie. 2018;64(2):

133-43.



84

Byung-Euk Joo

9.

10.

11.

12.

13.

14.

15.

16.

17.

American Clinical Neurophysiology Society. Guideline
9C: guidelines on short-latency auditory evoked po-
tentials. Am ] Electroneurodiagnostic Technol. 2006;
46(3):275-86.

Simon MV. Neurophysiologic intraoperative monito-
ring of the vestibulocochlear nerve. J Clin Neuro-
physiol. 2011;28(6):566-81.

Legatt AD. Electrophysiology of cranial nerve testing:
auditory nerve. ] Clin Neurophysiol. 2018;35(1):25-
38.

Martin WH, Stecker MM. ASNM position statement:
intraoperative monitoring of auditory evoked po-
tentials. J Clin Monit Comput. 2008;22(1):75-85.
Joo BE, Park SK, Cho KR, Kong DS, Seo DW, Park
K. Real-time intraoperative monitoring of brainstem
auditory evoked potentials during microvascular de-
compression for hemifacial spasm. ] Neurosurg.
2016:125(5):1061-7.

Thirumala PD, Carnovale G, Habeych ME, Crammond
DJ, Balzer JR. Diagnostic accuracy of brainstem
auditory evoked potentials during microvascular
decompression. Neurology. 2014;83(19):1747-52.
Ying T, Thirumala P, Gardner P, Habeych M,
Crammond D, Balzer J. The incidence of early
postoperative conductive hearing loss after micro-
vascular decompression of hemifacial spasm. ]
Neurol Surg B Skull Base. 2015;76(06):411-5.
James ML, Husain AM. Brainstem auditory evoked
potential monitoring: when is change in wave V
significant? Neurology. 2005;65(10):1551-5.

Jo KW, Kim JW, Kong DS, Hong SH, Park K. The
patterns and risk factors of hearing loss following

microvascular decompression for hemifacial spasm.

18.

19.

20.

21.

22.

23.

24.

Acta Neurochir. 2011:153(5):1023-30.

Polo G, Fischer C, Sindou MP, Marneffe V. Brain-
stem auditory evoked potential monitoring during
microvascular decompression for hemifacial spasm:
intraoperative brainstem auditory evoked potential
changes and warning values to prevent hearing loss
—prospective study in a consecutive series of 84
patients. Neurosurgery. 2004;54(1):97-104.

Grundy BL, Jannetta PJ, Procopio PT, Lina A, Boston
JR, Doyle E. Intraoperative monitoring of brain-stem
auditory evoked potentials. ] Neurosurg. 1982;57(5):
674-81.

Hatayama T, Moller AR. Correlation between latency
and amplitude of peak V in the brainstem auditory
evoked potentials: intraoperative recordings in mi-
crovascular decompression operations. Acta Neuro-
chir. 1998;140(7):681-7.

Park SK, Joo BE, Lee S, Lee JA, Hwang JH, Kong DS,
et al. The critical warning sign of real-time brainstem
auditory evoked potentials during microvascular
decompression for hemifacial spasm. Clin Neuro-
physiol. 2018;129(5):1097-102.

Kim JS, Lopez I, DiPatre PL, Liu F, Ishiyama A, Baloh
RW. Internal auditory artery infarction: clinicopa-
thologic correlation. Neurology. 1999;52(1):40-4.
Legatt AD. Mechanisms of intraoperative brainstem
auditory evoked potential changes. ] Clin Neuro-
physiol. 2002;19(5):396-408.

Joo BE, Park SK, Lee MH, Lee S, Lee JA, Park K.
Significance of wave I loss of brainstem auditory
evoked potentials during microvascular decompre-
ssion surgery for hemifacial spasm. Clin Neurophy-
siol. 2020 ;131(4):809-15.



