YK 616.833.181- 006.03

ISSN 1681-276X. BICHUK HAYKOBUX AOC/IIAXXEHb. 2017. Ne 3

DOI 10.11603/2415-8798.2017.3.8069

©0. S.Herasymenko?, V. I. Smolanka'?, A. V. Smolanka'?, O. S. Sechko*?

Uzhhorod Regional Clinical Center of Neurosurgery and Neurology*
Uzhhorod National University?

METHOD OF AUDITORY EVOKED POTENTIALS IN THE SURGICAL TREATMENT OF CEREBELLOPONTINE

ANGLE TUMORS

Summary. This article presents a review of literature on cerebellopontine angle tumors, anatomy and physiology of the vestibular
nerve, intraoperative neurophysiological monitoring and method of registration of auditory evoked potentials. In view of the develop-
ment of neurosurgical equipment in our time, it becomes possible to perform surgical interventions while maintaining functionally
significant structures and thus improving the patient's quality of life in the postoperative period.

The aim of the study — to demonstrate the effectiveness of the use and the method of intraoperative neurophysiological monitoring
in the modality of the auditory evoked potentials aimed at preserving the function of cochlear nerve during surgery on the cerebello-
pontine angle tumors. The object of the study is the function of the cochlear nerve, and the subject of the study is the auditory evoked
potentials.

Materials and Methods. The Auditory Evoked Potentials reflect the entire sensitive path of the vestibulocochlear nerve. Using
Medtronic Xomed NIM-Eclipse intraoperative neuromonitoring system with 32-channel neurophysiological unit was performed. The
impulses move through the conductive path of the auditory analyzer: the first auditory neuron — bipolar cells — spiral ganglion, second
neuron — ventral and dorsal nuclei at the lateral angle of the rhomboid fossa, third auditory neuron — the lower lobes of the corpora
quadrigemina, fourth auditory neuron is — the medial geniculate bodies — Heschl gyrus. On the monitor screen, we get seven waves
designated by the Roman numerals I, II, Ill, IV, V, VI, VII. The evaluation of the data of the amplitude and latency of all the waves
makes it possible to analyze the functional integrity of the leading hearing path at all its levels. With this method, the neurosurgeon
gets the information on the functional status of the nerve.

Results and Discussion. In total, 35 (100 %) patients with cerebellopontine angle tumors underwent surgical operations in the Uzh-
horod Regional Clinical Center of Neurosurgery and Neurology during the period dating from February 2016 till August 2017. Among
them, 30 (85.7 %) patients lost the hearing at the preoperative stage; 5 (14.2 %) patients had subnormal hearing preserved on the
affected side. The auditory evoked potentials were not registered before the beginning of the main stage in the group of patients, who
lost the hearing at the preoperative stage, and the predominant diameter of the tumor was more than 25 mm. As for the patients with
preserved hearing, the diameter of the tumor was less than 25 mm.

Conclusions. The correlation between the clinical signs at the preoperative stage (preserved hearing) and tumor size was determined.
The use of this method for treating cerebellopontine angle tumors up to 25 mm in diameter is effective.

Key words: intraoperative neurophysiological monitoring; vestibular nerve; auditory evoked potentials; cerebellopontine angle tumors;

function retention.

INTRODUCTION The cerebellopontine angle is a transi-
tion zone between the pontine, medulla oblongata and the
cerebellum, in the middle part of which the VII (facial) and
VIII (vestibularcochlear) pairs of cranial nerves pass through
(Fig. 1) [1]. The cerebellopontine angle tumors make up
12-13 % of the total number of brain tumors and about 30 %
of the posterior fossa tumors [2]. The most commonly en-
countered among these tumors is a vestibular cochlear
schwannoma (neurilemoma), which makes up 85-95 % of
all tumors [3]. Meningiomas, ganglion cytomas and dermoids
are much less common. All these tumors have one feature
— they are benign and slow growing. They grow and, as a
result, push the vestibulocochlear, facial and trigeminal
nerves, as well as the brainstem aside and may form adhe-
sive changes between them [4]. The vestibulocochlear nerve
is one of the first nerves affected by the vestibular schwan-
noma growth. Usually the first clinical sign is the loss of
hearing, which is often accompanied by noise.

The vestibulocochlear nerve (VIII pair of cranial nerves) is
a specific nerve that provides two types of sensitivity: vestibular
sensitivity and hearing [5]. Therefore, for the given pair of
cranial nerves, the method of the registration of auditory
evoked potentials with the involvement of its cochlear part,
responsible for hearing, is used intraoperatively (Fig. 2).

The aim of the study — to demonstrate the effectiveness
of the use and the method of intraoperative neurophysiological
monitoring in the modality of the auditory evoked potentials
aimed at preserving the function of cochlear nerve during
surgery on the cerebellopontine angle tumors; determine the
criteria of the symptoms before using this method, depending

on the functional status of the cochlear nerve at the
preoperative level and the diameter of the tumor. The object
of the study is the function of the cochlear nerve, and the
subject of the study is the auditory evoked potentials.

MATERIALS AND METHODS The Auditory Evoked
Potentials reflect the entire sensitive path of the
vestibulocochlear nerve. The auditory evoked potentials are
also referred to as the “brainstem auditory evoked response”
(BAEPS) [6].

To obtain auditory evoked potentials the following
methods can be used: a special sound stimulus is embedded
(through headphones in the external auditory path, separately
for each auditory nerve). The sound stimulus is perceived by
the hair cells (Corti's organ) and converted into impulses.
Then, the impulses move through the conductive path of the
auditory analyzer: the first auditory neuron is represented by
bipolar cells, whose bodies form a spiral ganglion, and central
processes are bound into bundles called fascicles and form
a cochlear root, which is connected to the vestibular root and
enters the cavity of the skull through the internal acoustic
meatus. Then, the bioelectric impulses reach the second
neuron located in the ventral and dorsal nuclei at the lateral
angle of the rhomboid fossa. A minority of the cochlear nerve
fibers that preliminarily enter the bridge-cerebellar angle end
up there, and, then, the major part of fibers in the pons
cerebelli passes to the opposite side to the same-type
structures. The third auditory neuron is located in the dorsal
and ventral nuclei on its and the opposite side, the central
processes are included in the lateral lemniscus and end at
the level of subcortical hearing centers, the minor part of the
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Fig.1. Bridge-cerebellum angle (schawannoma of the vestibular-cochlear nerve) [5].
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Fig. 2. Leading pathway of the cochlear part for vestibular choroidal nerve [5].

fibers is located on the lower lobes of the corpora
guadrigemina, while the majority reaches the nuclei of the
medial geniculate bodies in the thalamencephalon from its
and the opposite side. The fourth auditory neuron is located
in the medial geniculate bodies, its central processes are
directed through the back parts of the internal capsule to the
middle part of the superior temporal gyrus to the primary field
of the auditory analyzer in the cortex — Heschl gyrus. The
transformation of high frequency signals takes place on the
medial surface of the temporal gyro, while the low frequency
signals are transformed on the lateral surface [1, 5, 7, 8]. For
further registration of signals from the brain cortex
subcutaneous needle electrodes installed according to the

10

generally accepted international scheme 1020 (scheme of
the brain cortex electrobiological activity) are used. Usually,
three recording channels are used: Al, A2, and Cz. For
diagnostic purposes, cup electrodes are used (Fig. 3). The
adjustment range for the registration of intraoperative auditory
evoked potentials is from 65 to 110 decibels (refers to the
peSLPy), the speed is from 10 to 50 clicks / second, the
distribution is 1000 — 2000 stimuli, a frequency — 10—40 Hz,
a sensitivity — 0.1-0.2 pV / division, LFF — 100 Hz, HFF — 3
kHz. There are three types of polarity: condensation,
rarefaction, alternating. On the monitor screen, we get seven
waves designated by the Roman numerals |, 11, 11, IV, V, VI,
VII. The first wave reflects the peripheral part of the cochlear
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Fig. 3. Scheme of placement of electrodes of bioelectric activity of the brain 1020.

nerve, the second — part of the cochlear nerve entering the
pons cerebelli, the third wave — olivary body of the brainstem,
the fourth and fifth — the middle and upper parts of the pons
cerebelli, the sixth — geniculate bodies and the seventh wave
—the cortex. The evaluation of the data of the amplitude and
latency of all the waves makes it possible to analyze the
functional integrity of the leading hearing path at all its levels
(Fig. 4) [9-11].

The previous researches have shown that the tumor size
is a statistically significant prognostic parameter in
intraoperative neurophysiological monitoring of auditory

evoked potentials concerning the preservation of hearing in
the neurilemoma of the cerebellopontine angle [12]. At
present, the hearing conservation is of utmost importance in
the removal of small neurilemomas [13-15].

RESULTS AND DISCUSSION During the real time
operational intervention, changes in the main indicators make
it possible to assess the dynamics of the functional status of
the cochlear nerve, depending on the intraoperative surgical
manipulations during the removal of the cerebellopontine
angle tumors. With this method, the neurosurgeon gets the
information on the functional status of the nerve. Thus, the

Fig. 4. Auditory evoked potentials of the I, II, IIl, IV, V, VII, VIIl waves (system of the intraoperative neurophysiological monitoring: Medtronic

Xomed NIM-Eclipse) [9].

11



ISSN 1681-276X. BICHUK HAYKOBUX 4OC/IIAXKEHb. 2017. Ne 3

neurosurgeon can change the tactics of the surgical treatment
in order to ensure the maximum possible preservation of the
nerve function, which in the future leads to a decrease in the
level of postoperative neurologic impairments and reduction
of risks of incapacitation of patients undergoing surgical
treatment of cerebellopontine angle tumors.

In total, 35 (100 %) patients with cerebellopontine angle
tumors underwent surgical operations in the Uzhhorod
Regional Clinical Center of Neurosurgery and Neurology
during the period dating from February 2016 till August 2017.
Among them, 30 (85.7 %) patients lost the hearing at the
preoperative stage; 5 (14.2 %) patients had subnormal
hearing preserved on the affected side. The auditory evoked
potentials were not registered before the beginning of the
main stage in the group of patients, who lost the hearing at
the preoperative stage, and the predominant diameter of the
tumor was more than 25 mm. As for the patients with
preserved hearing, the diameter of the tumor was less than
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of cranial nerves, observance of the registration rules and correct
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The correlation between the clinical signs at the preoperative
stage (preserved hearing) and tumor size was determined. The
use of this method for treating cerebellopontine angle tumors
up to 25 mm in diameter is effective.
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auditory evoked potentials is needed and consists in the
rational use of intraoperative auditory evoked potentials to
prevent additional neurologic impairment in the postoperative
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O6nacHuli kniHiyHUl yeHmp Helipoxipypeii i Hesposoeii, M. Yx20p00*

ABH3 “Yxz0podcbkuli HayioHabHUll yHisepcumem’?

METOAVKA BUKNTNKAHUX CNYXOBUX NMOTEHUIANIB MPU XIPYPIYHOMY NMIKYBAHHI MYX/TMH MOCTOMO304YKOBOIo
KYTA

Pestome. Y faniii cTaTTi NpefcTaBeHo Orsg, AiTepatypy, LU0 NPUCBSYEHWIA MyX/IMHaM MOCTOMO304KOBOrO KyTa, aHaToMii Ta dpisionoril
BECTVOY/IAPHOIO HEPBa, IHTpaonepauiiHoMy Helpodi3ioIOriYHOMY MOHITOPUHTY Ta METOANLI PeecTpaLlii BUK/TMKaHUX CyXOBKX MOTEHL-
aniB. 3Baatoum Ha PO3BUTOK TEXHIYHOTO 061aAHAHHS B HEPOXIpYpril y HaLW Yac, CTae MOXJIMBUM BVKOHYBAaTV OMepaTUBHI BTPYYaHHS,
36epiraroumn hyHKLiOHa/TbHO 3HAYUMI CTPYKTYPU | TaKMM YMHOM NOAINLWYBaTK SKICTb XUTTA NaljieHTa B nicrisonepauiiHoMy nepiogi.

MeTa gocnifKeHHsA — NPoAEeMOHCTPYBaTU eheKTUBHICTb BUKOPUCTAHHSA Ta METOAMKY iHTpaonepauiiHoro HelipodisiosioriyHoro
MOHITOPUHTY B MOA&/IbHOCTI BUK/TMKAHUX C/TYXOBUX NOTEHLiasiB A58 36epexeHHs pyHKLT Kox/ieapHOro HepBa Mif Yac onepaTuBHO-
ro BTPy4YaHHA 3 NpyBOAY NyX/IMH MOCTOMO30YKOBOTO KyTa. O6’eKTOM [JOCAIMKEHHA € (DYHKLiA KOX/1eapHOro HepBea, a npeaMeTom

[OCNifpKEHHS BUCTYNaloTb BUK/IMKaHI CTyXOBi MOTEHLjiany.
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Martepianu i metoau. BuknvkaHi criyxoBi noteHuianu (Big aHrn. Auditory Evoked Potentials) Bifo6paxatoTb BECb YyTAVBUIA LLMSAX
BeCTVOYyno-koxsieapHoro Hepea. B Hawliii kniHiui BukoprcToByBanim anapaT Medtronik Xomed Nim Eclipse 3 HelipodizionoriHum
6710KoM Ha 32 KaHanu. IMnynbcy pyxatTbCs MO MPOBIAHOMY LLUSXY C/TYXOBOTO aHanizatopa: nepLunii HelpoH — BINONAPHI KNITUHK
— cnipasibHWiA raHrnii, Apyruii HeipOH — BEHTPasIbHI Ta A0P3aUibHi S4pa B 0/IMBax poMO0NoAibHOI SMKU, TPETI HEAPOH — HUXKHI rop-
OGUKM YOTMPUTOPOKOBOI MIACTUHKW, YETBEPTUIA HEPOH — MefiasibHi KoMiHYacTi Tina — 3BuBMHA e ns. Ha ekpaHi MOHITOpY My OTpu-
MYEMO CiM XBW/b, SIKi NO3HAYaOTLCSA pUMCbKkUMU Lndppamu 1, 11, 11, 1V, V, VI, VII. OujiHka gaHnx amnaiTyay Ta NateHTHOCTI BCiX XBU/b
[a€e MOX/UBICTb MpoaHanisyBatn (OyHKLIOHa/IbHY LiMICHICTb NPOBIAHOIO LWIAXY CAYXy Ha BCiX /ioro naHkax. [laHa meToAuka fae
MOX/IUBICTb HEMpPOXIpypry BO/IOAITV AaHUMU (DYHKLIIOHA/IbHOTO CTaHy HepBa.

Pe3ynbTatu gocnigkeHb Ta iX 06roBopeHHsi. B 061acHOMY KiHIYHOMY LIEeHTPI HepoXipyprii Ta HeBposorii M. Yxropog 6yno npo-
oneposaHo 3a nepiof 3 ntotoro 2016 go cepnHsa 2017 p. 35 (100 %) nauieHTiB i3 NyxMHaM1 MOCTOMO304KOBOrO kKyTa. 3 Hux y 30
(85,7 %) xBOpPUWX BTpayeHui C/Iyx Ha foonepawiiHomy etani, y 5 (14,3 %) naujieHTiB C/lyX 3HVKEHUIA, MOPIBHAHO 3 HOPMOIO, 36epexe-
HWA. BUKVKaHI CNyXoBi NOTEHLia/IM He 3ape€ecTpoBaHi Ha NoYaTky OCHOBHOMO eTany B rpyni NawieHTiB i3 BiACYTHIM C/lyXOM Ha goone-
paujiiHomy piBHi. Mpu LbOMYy po3Mip HOBOYTBOPEHHS CK/1aAaB NepeBaXxHo Gisblie 25 MM. Y BCiX XBOPUX i3 36EpEXEHNM C/TyXOM fia-
MeTp HOBOYTBOPEHHS CkNagas MeHLe 25 MMm.

BucHoBKW. Bu3HaueHo kopensuio Mix KNiHIYHMMKM NposiBamMy Ha foonepaviiiHomy eTani (36epexeHuii cnyx) Ta po3mipamy HOBO-
YTBOPEHHSA. BMKOpUCTaHHA AaHOT METOAUKM 415 NYX/TMH MOCTOMO304KOBOTO KyTa fiaMmeTpoM 0 25 MM edheKTVBHe.

Knioyosi cnoBa: iHTpaonepauiiHunii Helipodi3ioNoriyHniA MOHITOPWHT; BECTUOYIAPHUI HEPB; BUK/IMKAHI CNlyXOBi NOTEHLiaun; Nyxau-
HV MOCTOMO304KOBOrO KyTa; 36epexeHHs pyHKLii.
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O6acmHoli knuHu4Yeckuli yeHmp Helipoxupypauu u HegpoJsioz2uu, 2. YK20poo*
BY3 “Yx20podckuli HayuoHa/1bHbIlU yHUBepcumem’?

METOAVKA BbI3BAHHbIX C/TYXOBbIX MOTEHUWAMNOB MPU XUPYPIMYECKOM NNEYEHWX OMNYXONEW
MOCTOMO3XXEYKOBOI'O YI' /1A

Pe3tome. B faHHOl cTaTbe npefcTasneH 0630p NUTepaTypbl, MOCBSALLEHHOV OMyX0ssiM MOCTOMO3XEUYKOBOrO yrnia, aHaToMuun u
chmsnonormn BeCcTUOYNAPHOTO HepBa, MHTpaonepaLyioHHOMY HelipodhM3noIorMYeckoMy MOHUTOPUHTY U MeTOAMKe perncrpaumn
BbI3BaHHbIX C/TyXOBbIX NOTEHLMAI0B. Y4nTbIBASA Pa3BUTHE TEXHNYECKOTO 060PYA0BaHNS B HEMPOXMPYPIUM B Halle BpeMsi, CTaHOBUT-
€Al BO3MOXHbIM BbINO/IHATH OnepaTuBHble BMeLIATENbCTBA, COXPaHsA (DYHKUVMOHa/IbHO 3HauYvMble CTPYKTYpbl U Takum obpasom
ynydLlwaTh Ka4ecTBO XM3HU NaumeHTa B nocneonepalyioHHoM nepuoae.

Lenb nccnepoBaHusa — NpoAeMOHCTPMPOBaTh 3PPEKTUBHOCTL MCMO/b30BaHUA U METOAVKY MHTpaornepaLmoHHOro Helipodnsno-
IOTYECKOTO MOHWUTOrPUHIa B MOJA/IbHOCTM BbI3BaHHbIX C/IYXOBbIX MOTEHLUMAIOB A/155 COXPaHEeHUst (PYHKLMUM CIyXOBOTO HepBa BO
BpPeMSsi onepaTMBHOrO BMellaTe/IbcTBa Mo NOBOAY HOBOOOPA30BaHWA MOCTOMO3XEUKOBOrO yrna. O6bekT AaHHOro vccnefoBaHus
(hYHKLMSA CNYyXOBOro HEpBa, NpeAMeT — BbI3BaHHbIE C/TyXOBble NOTeHLMasb.

Martepuasnbl u MeTogbl. Bbi3BaHHble C/lyX0Bble NOTEHLMabl 0TOOPaXatoT BECb MPOBOASALLMIA YyBCTBUTE bHBIV NYTb BECTUOYNAPHO-
KoxsieapHoro HepBa. B Halueli knvHuke ncnonb3dyetcs annapat Medtronik Xomed Nim Eclipse ¢ Helipochuanonorniyeckum 6710KoM Ha
32 kaHana. imnynbcbl ABUraloTca No NPOBOASALLEMY MyTV C/IyXOBOrO aHann3aropa: NepBblil HEPOH — BUMONAPHbIE KNeTKN —
CNUpasIbHbIN TaHrNIA, BTOPOI HEMPOH — BEHTPasIbHbIE U AOp3a/ibHble iApa B Yr/ly pOMOOBUAHOW SIMKW, TPETUIA HEMPOH — HIDKHME
rop6kn 4eTbIpUropbKoBOIi NNACTUHKM, YETBEPTbIV HEMPOH — MenasibHble KoNleHYacTble Tena — U3BuAnHbI Mewwns. Ha akpaHe MOHU-
Topa Mbl Nosly4aeM CeMb BOJH, Kakme 0603HavatoTes pumckummn uucppamu 1, 11 1L 1V, V, VI, VI aHHas meTofvka aeT BO3MOXHOCTb
Helipoxupypry BnageTb AaHHbIMY (DYHKLMOHAIbHOTO COCTOSHMSA HepBa BO BPeMsi onepaLuu.

Pe3ynbTatbl UCCnefoBaHNii N X o6eyxaeHne. B 061aCTHOM KIMHUYECKOM LIEHTPE HEMPOXMPYPruM U HEBPOIOTUN T. YXropoaa
6b1710 NpooneprpoBaHo 3a nepuopg ¢ espanst 2016 no asryct 2017 r. 35 (100 %) nauMeHTOB C OMYXO/IIMUA MOCTOMO3XEYKOBOrO
yrna. C Hux y 30 (85,7 %) 60bHbIX Obl11 NOTEPSIH CYX Ha foonepauvoHHoM aTane, y 5 (14,3 %) naumeHToB CyX CHKEHbIN B CpaB-
HeHUV C HOPMOWA. Bbi3BaHHbIe ClyX0Bble NOTEHLMasIbl He 3aperncTpMpoBaHbl 0 OCHOBHOTO aTanay rpyne nauueHToB ¢ OTCYyTCTBUEM
cnyxa Ha goonepauyvioHHOM ypoBHe. [py 3Tom pasmep HOBOOGpa3oBaHWil NPenMyLLeCTBEHHO cocTasNsaN 60/bLue 25 MM. Y 60/1bHbIX
C COXPaHeHHbIM ClyXOM AuameTp 6bin MeHbLue 25 MM.

BbiBogbl. OnpefeneHHo Kopenauuio Mexay KIMHUYeCKUMN NPoSBEHMU Ha A00NepaLioHHOM 3Tane (COXpaHHOCTL Ciyxa) 1 pas-
mMepamy HoBoobpa3soBaHuii. icnonb3aBaHve fJaHHOW METOAVIKM A1 XUPYPIrYeCKOoro IeYeHns onyxosneii MOCTOMO3)XEeUKOBOro yrna
3heKTUBHO.

KntoueBble crioBa: MHTpaonepauyoHHbIA HENPON3NONOTNYECKNIA MOHUTOPUHT; BECTUOYSPHbIA HEPB; Bbl3BaHHbIE C/TyXOBble
NoTeHLMasbl; OMyX0/IM MOCTOMOKEUKOBOIO yr/ia.
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