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Souhrn

Habilitacni prace je rozdélena do tti kapitol.

Prvni kapitola pojedndva obecné o kochledrni implantaci, o jejich zakladnich principech, o
historii vyvoje kochledrni neuroprotézy jak ve svété, tak na domacim poli. Zavérem jsou nastinény
mozné perspektivy dalSiho vyvoje sluchovych neuroprotéz.

Druha kapitola vysvétluje teoretické predpoklady oboustranné kochlearni implantace u
malych déti s vrozenou tézkou vadou sluchu. Je zdlraznén vyznam dvou ¢asovych ramc( z hlediska
plasticity mozku — v prvni fadé je to ¢asové okno véku ditéte, do néhoz je nutné umistit kochlearni
implantaci tak, aby jeji pfinos byl maximalni, v druhé fadé je to casové okno ohranicujici interval
mezi obéma operacemi u oboustranné kochledrni implantace. V idedInim pripadé je toto casové
okno nulové. Jako metoda primarni volby se tudiz jevi oboustranna synchronni kochlearni
implantace.

Ve tieti kapitole jsou popsany vlastni zkusenosti s kochlearni implantaci déti s vrozenou
nitrousni malformaci. Zatimco dfive byly tyto déti vesmés kontraindikovany k operaénimu feseni,
pfi zachovani urcitych zdsad se implantované déti s malformacemi mohou rovnat svym
implantovanym vrstevniklm s fyziologickym utvarenim vnitfniho ucha.

Abstract

The habilitation thesis consists of three chapters.

The first chapter describes the concept of a cochlear implantation in general principles,
history of its development both in the world and at home. Possible perspectives of a further
development are outlined at the end.

The second chapter explains theoretical predispositions of a bilateral cochlear implantation
in small children with a total congenital hearing loss. Two kinds of a timeframe are explained,
regarded from an aspect of the brain plasticity — the first one is a timeframe for an indication for
the surgery to ensure a maximum profit of the device; the second one is a timeframe bordering
both the surgeries in bilateral cases. In an ideal case, this second timeframe is zero. From this point
of view, a simultaneous bilateral cochlear implantation should be a method of a primary choice.

The third chapter presents our group of children with inner ear malformation as candidates
for the cochlear implantation. In previous time, these children were rejected from a waiting list.
Nevertheless, following certain regulations, these children can perform after implantation as well
as their implanted peers with physiological cochleas.
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Seznam pouzitych zkratek

AOS
AS
BAHD
BERA
CAEP
CBCT
CND
CROS
CsAv
dB
eABR
EEG
EVA
GSC
HRCT
Hz
ILD
IPD
ITD
LESN
LIF

MRI, MR
NRT

OAE
pps
SSEP
TEOAE
TIC
UFR
WHO

Advance-off stylet

Apgar skore, skdre Apgarové

Bone anchored hearing device, sluchovy kostni implantat

Brainstem Evoked Response Audiometry, evokované sluchové potencialy mozkového kmene
Cortical auditory evoked potentials, sluchové korové potencialy

Cone beam computed tomography

Cochlear nerve deficiency, aplasie/hypoplasie sluchové nervu

Contralateral routing of signals, kontralateralni vedeni signal

Ceskoslovenskda akademie véd

Decibel

Electrical auditory brainstem responses, elektricky evokované odpovédi mozkového kmene
Elektroencefalografie

Enlarged vestibular aqueduct, zvétSeny vestibuldrni akvedukt

Ganglion spirale cochleae

High resolution computed tomography, vypocetni tomografie s vysokym stupném rozliseni
Hertz, jednotka kmitoctu

Interaural level difference, meziusni intenzitni rozdil

Interaural phase difference, meziusni fazovy rozdil

Interaural time difference, meziusni ¢asovy rozdil

Laborator elektronickych smyslovych nahrad

Leukemia inhibitory factor

Magnetic resonance imaging, magnetic resonance, magneticka rezonance

Neural response telemetry, telemetrie nervovych odpovédi
(méreni akcnich potenciall sluchového nervu)

Otoakustické emise

Pulses per second, pulzy za sekundu

Somatosensory evoked potentials, somatosenzorické evokované potencidly
Tranzientné evokované otoakustické emise

Totally implantable cochlear implant, pIné implantabilni kochledrni implantat
Ustav fyziologickych regulaci

World Health Organisation, Svétova zdravotnickd organizace



Kapitola |

Kochlearni implantace, historie, koncepce a perspektivy

I.1 Kochlearni implantat

Kochledrni implantat neboli kochledrni neuroprotéza je elektronické zafizeni, které
vyvolava zvukové viemy stimulaci gangliovych bunék sluchového nervu v hlemyzdi. U osob s téZkou

poruchou sluchu tak obchazi nefunkéni vnitini ucho.

.2 Sluch a jeho funkce

U fyziologického slySeni je zvuk veden pres zevni a stfedni ucho do ucha vnitfniho, do
hlemyzdé, kochley. V hlemyzdi se nachdzi vlastni organ sluchu, orgdn Cortiho, ktery leZi na bazilarni
membrané napnuté napfi¢ kochleou. Tato membrana reaguje selektivné na jednotlivé frekvence.
Vnitfni ucho funguje jako banka filtrd, ktera rozloZi komplexni signal na jednotlivé frekvencni slozky.
Vysoké frekvence vyvoldvaji maximalni vibrace membrany pfi bazi hlemyzdé, tedy u okrouhlého
okénka, zatimco frekvence nizké rezonuji na opacném konci, v apexu hlemyzdé. Kmity bazilarni
membrany vyvoldvaji pohyby vlaskovych bunék. Vlaskova zakonceni téchto bunék vycnivaji do
tektorialni membrany, cozZ je gelovita vrstva pokryvajici vliaskové bunky. Vlivem vibraci bazilarni
membrany dochazi k ohybani vlaskovych zakonceni. Ohyby vlaskl generuji elektricky potencidl
v dusledku chemickych a fyzikalnich pochod( v télech téchto bunék. Vzruch je pfenesen synapsemi

na dendrity bunék ganglion spirale cochleae (GSC) a odtud jsou vedeny axony, které vytvareji



sluchovy nerv, do vyssich etazi sluchové drahy. Ve sluchové oblasti mozkové kiry jsou vzruchy

vnimany jako téony o urcité vysce a intenzité a jako rec.

Kochledrni implantat predstavuje jednoduchou ndhradu kochley. Dokaze svému nositeli
zprostiedkovat slySeni zvukd a reci. Pfenaset komplexni informace zatim nedokaze, proto ma
klicovy vyznam rehabilitace implantovanych, nebot teprve v jejim pribéhu se pacienti po operaci

uci s kochledrnim implantatem slyset.

.3 Hluchota

Pfes 5 % svétové populace, tedy 360 milionu lidi (328 miliont dospélych a 32 milionl déti),
trpi omezujici poruchou sluchu, pficemz poruchou sluchu se vtomto kontextu rozumi sluchova
ztrata na lépe slySicim uchu vice nez 40 dB u dospélych a vice nez 30 dB u déti.

Podle miry postiZeni se sluchové poruchy klasifikuji na lehké, stfedni, tézké, velmi tézké a
na uplnou ztratu sluchu.

Uplnd ztrata sluchu, hluchota je definovana jako neschopnost slySet zvuky a rozumét feci
s nejvykonnéjsim sluchadlem. Zcela hluchych je v populaci podstatné méné nez nedoslychavych —
téch, ktefi viibec nerozuméji feci je néco malo pres 2 %o. Vrozend hluchota se vyskytuje v jednom
pfipadé z 1000, z toho u poloviny jde o geneticky zaloZzenou poruchu. Od UpIné hluchoty musime
odliSovat nedoslychavost, nebot nedoslychavi jsou schopni s dobrym sluchadlem rozumét reci i bez
odezirani.

Poruchy sluchu maji negativni dopady ve sfére komunikacni, spolecenské, emocni a
ekonomické. Déti s poruchou sluchu maji opozdény nebo zadny vyvoj jazyka, Spatné prospivaji ve

Skole a vyZaduiji specializovanou pomoc ve vzdélavani (WHO, 2017).

.3.1 KLASIFIKACE HLUCHOTY PODLE DOBY VZNIKU VZHLEDEM K VEKU

Hluchotu délime do dvou kategorii, podle toho, zdali doslo ke ztraté sluchu pfed rozvojem

mluvené feci anebo po ném. Obdobi mezi 2. - 4. rokem Zivota je velice dlleZité pro rozvoj mluvy a



jazyka, nebot v této dobé se v mozku vytvéreji a upevriuji spoje a sluchova centra zajistujici vnimani
a rozuméni fedi. Ztraté sluchu pred timto duilezitym obdobim fikdme hluchota prelingvdlni, zatimco
ohluchne-li ¢lovék po ¢tvrtém roce véku, po osvojeni si feci, jde o hluchotu postlingvdlni. V obou
pripadech jde sice o neschopnost slySet a rozumét fedi, ale postizeni jsou to znaéné rozdilna.
Prelingvalné hluché déti jsou bud vrozené neslySici anebo ztratily sluch zahy po narozeni do
druhého roku véku. Obtizné se uci mluvit, jejich mluva je velmi Spatné srozumitelnd, nepfirozen3,
mivaji téZ problémy se ¢tenim a psanim. Postlingvalné neslysici - neboli ohluchli - jiz jednou slyseli,
rozuméli feci, maji povédomi o zvucich, dovedou popsat jejich vysku a hlasitost. Sluchova centra a
drdhy se vytvorily na zakladé zvukové a recové stimulace. Je pfirozené, ze ¢im delsi doba uplyne od
okamziku ohluchnuti, tim je schopnost vnimat zvuk a rozumét reci horsi.

Hluchotu lze dale délit na syndromickou a nesyndromickou podle ptipadného vyskytu

pfidruzenych abnormalit.

.4 Historie elektrické stimulace sluchového nervu a kochlearnich

implantatu

.4.1 HISTORIE VE SVETE

Prvni experimenty s pusobenim elektrického proudu na sluchovy organ provadél na sklonku
18. stoleti italsky profesor fyziky Alessandro Volta, vyndlezce zdroje elektrického proudu, ktery byl
po ném nazvan Voltav ¢lanek. Elektrody napojené na baterii si zasunul do obou zevnich zvukovodd,
vzapéti pocitil dder do hlavy a po kratkém okamziku uslySel zvuk, ktery popsal jako praskani nebo
bublani vazké vrouci kapaliny. Zpravu o svém védeckém pokusu prednesl 26. ¢ervna 1800
v Londynské kralovské spolecnosti. Vzhledem k nepfijemné povaze tohoto pokusu v dalSim
experimentovanim jiz nepokracoval.

V roce 1930 Wever a Bray z Princetonu prokdzali, Ze stimulaci sluchového nervu kocky lze
vyvolat kopii vinové kfivky odpovidajici stimulu vyskou i intenzitou.

Gersunij a Volkov ze Sovétského svazu roku 1936 uvedli, Ze vyska tonu koresponduje
s kmito¢tem stridavého proudu plsobiciho na vnitfni ucho. Nebylo ovsem zcela jasné, zdali jde o

vliv elektrické stimulace na sluchovy nerv anebo na vlaskové burnky u normalné slysiciho ¢lovéka.



Roku 1957 francouzsky otolaryngolog Eyries a elektrofyziolog Djourno v pribéhu
rekonstrukéni operace licniho nervu pfilozili stimulaéni elektrody na vestibulokochlearni nerv ve
vhitfnim zvukovodu. Timto zplUsobem vyvolali u operovaného pacienta zvukovy viem (Djourno,
Eyries, & Vallancien, 1957).

Prvni kochledrni implantat voperovali otochirurg House a neurochirurg Doyle v Los Angeles
v Kalifornii roku 1961. Své vysledky se vsak neodvazili zverejnit dfive neZ v roce 1973 (House &
Urban, 1973), kdy jiz mezitim popsal Simmons ze Stanfordu vlastni vysledky pokusné akutni
stimulace u ¢lovéka pfi mistnim umrtveni z roku 1962. Tentyz Simmons implantoval elektrodové
pole s perkutdnnim konektorem v roce 1964 (Simmons, 1969). V roce 1971 provedl svoji prvni
implantaci Michelson zUSA a od roku 1972 zacal House ve vétsim meéfitku implantovat
jednokanalovou kochlearni neuroprotézu navrzenou ohluchlym elektroinzenyrem Urbanem.

V australském Melbourne implantoval Clark vroce 1978 vicekanalovou kochlearni
neuroprotézu, ¢imz polozil zaklady pro nasledujici Uspésny vyvoj implantacniho systému Nucleus
(G. M. Clark, 1978). V soucasné dobé je tato svétové nejrozsifenéjsi neuroprotéza komercné
vyrabénym produktem spolecnosti Cochlear™.

Sedmdesata a predevsim osmdesatd |éta minulého stoleti byla svédkem velmi
dynamického rozvoje kochlearnich neuroprotéz a jejich klinickych aplikaci. Na mnohych mistech ve
svété vznikaly nové prototypy kochlearnich implantatd a dale se v mnohych centrech implantovaly
jiz vyrabéné systémy. Délo se tak v Rakousku ve Vidni (Hochmairovd a Hochmair); v Belgii
v Antverpach a v lovani (Peeters); ve Francii v Bordeaux (Negrevergne), Grenoblu (Genin a
Charachon), Lyonu (Morgon), Pafizi (Chouard), Toulouse (Fraysse); v Némecku v Cachach (Doring),
Diiren (Banfai), Hannoveru (Lehnhardt); v Japonsku v Tokiu; ve Svédsku ve Stockholmu (Lindstrom);
ve Svycarsku v Curychu (Spillmann a Dillier); v Holandsku v Utrechtu (Smoorenburg a van Olphen);
ve Spojeném kralovstvi v Londyné (Douek a Fourcin); ve Spojenych stdtech severoamerickych ve
Stanfordu (Atlas), v San Francisku (Leake-Jones a Rebscher), v Severni Karoliné v Research Triangle
(Wilson a Lawson), v Utahu (Eddington) (G. Clark, 2003).

V roce 1973 se konala prvni mezinarodni konference o elektrické stimulaci sluchového
nervu v San Francisku.

Je tfeba poznamenat, Ze v akademickych kruzich panovala nejen vici kochledrnim
implantatlm, ale i celkové koncepci elektrické stimulace vnitfniho ucha znacna skepse. Tehdejsi
neuroprotézy byly primitivni zafizeni, zhotovované na universitach nebo v nekomercnich
laboratofich, takfikajic ,,na kolené”, nepodléhaly oficidlnimu schvalovacimu fizeni, experimenty na
zvitatech probihaly velmi kratkou dobu. Akademici prosté nevérili, Ze by tyto jednoduché a ¢asto

poruchové elektronické obvody mohly nahradit komplexni a elegantni biofyziku kochley.



Prakopnicti chirurgové provadéjici kochlearni implantace byli obvifiovani z neetického chovani vici

svym pacienttim (Rubinstein, 2012).

1.4.2 HISTORIE U NAS

V Ceskoslovensku koncem osmdesatych let byla vyvinuta kochledrni neuroprotéza tymem
Laboratofe elektronickych smyslovych nahrad Ustavu fysiologickych regulaci Ceskoslovenské
akademie véd. Jejim duchovnim otcem byl ing. Hruby a jeho motivace byla Cisté osobni a lidska.
Jeho dcera ztratila sluch v Gtlém détstvi nasledkem meningitis a on hledal cestu, jakym zplsobem
ji nahradit sluch. Ze zahranicni literatury védél, Ze existuji kochledrni implantaty, které se tehdy
velice bourlivé vyvijely. Vroce 1982 se ing. Hruby setkal na ORL klinice VSeobecné fakultni
nemocnice na Karlové ndmésti s MUDr. Valvodou, schopnym chirurgem, ktery byl tehdy ochoten
se do implantat( pustit i pfes nepfizen jeho tehdejsiho pfednosty. Za podpory akademika Dostélka,
feditele Ustavu fysiologickych regulaci ing. Hruby se svymi spolupracovniky zakotvil ve sklepé
v KouFimské ulici v Praze a tak oficialné vznikla Laboratof elektronickych smyslovych nahrad Ustavu
fysiologickych regulaci CSAV (LESN UFR CSAV) a Svazu invalidi.

Klicovou otazkou byly biokompatibilni materidly. Zde se skupina mohla opfit o zkuSenosti
odborniku z prazského Institutu klinické a experimentalni mediciny, ktefi se podileli na vyvoji
kardiostimulator( a na jejich pouzdreni do biokompatibilni pryskytice (dnes jiz malokdo vi, Ze
Ceskoslovensko bylo po Svédsku druhou zemi na svété, kterd zvladla vyrobu kardiostimulatorg).
Nejvétsi problém prestavovaly mikroelektrody. Pro ty se vSeobecné pouziva platinoiridiovy (Pt-Ir)
drat izolovany extrudovanym teflonem. Tento drat vyrabély v té dobé pouze dvé zahranic¢ni firmy,
a prestoze naklady na dovoz elektrodového dratu by z hlediska celkové ceny implantatu
predstavovaly nepatrnou ¢astku, byla moznost dovozu vedenim Ustavu zamitnuta. Skupina stravila
velké mnozZstvi ¢asu i invence vyvojem technologie, ktera by umoznila potahnout teflonem domaci
Pt-Ir drat vyrabény v Kovohutich Vestec.

Prototypy kochlearni neuroprotézy byly vyzkouSeny na kadaverech a na morcatech ve
spolupraci s prof. MUDr. Sykou. Prvni ceskda kochledrni neuroprotéza byla takto ptipravena
k implantaci koncem roku 1984.

TehdejSi prednosta ORL kliniky vSak ceské neuroprotéze nebyl naklonén a odmitl ji
implantovat. Misto toho koupil bez védomi vyvojového tymu tfi implantaty firmy Hortmann
z Némecka v cené pal miliéonu Kés za kus, coZ v té dobé byly nemalé penize. Nakonec se neodvazil

implantovat ani ty. Bohuzel ¢as bézel a ing. Hruby postupné ztratil nadéji na implantovani své dcery,
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nebot doslo k promeskani citlivého obdobi k implantaci u prelingvalné hluchého ditéte. K zasadni
zméné doslo aZ na konci roku 1986, kdy se stal prednostou ORL kliniky FVL UK ve VSeobecné fakultni
nemocnici tehdy docent MUDr. Betka, CSc. Ten dal konecné ¢eské kochlearni neuroprotéze zelenou
a implantat byl 19. ledna 1987 (tedy témér presné pred tficeti lety) poprvé voperovan dospélému
mutzi, ktery ztratil sluch v roce 1968 po srazce s ruskym tankem. Spole¢né ho operovali MUDr.
Valvoda a MUDr. Betka, méreni implantatu na sale provedl ing. Hruby se svymi spolupracovniky. Ve
stejném roce byly zahrani¢nim operatérem konec¢né implantovdny i dvé ze zahranicnich
neuroprotézy; jedna z nich nepracovala vibec a druhd prestala pracovat velice brzy (Hruby, 1998;
Valvoda, Betka, Hruby, & Skrivan, 1989a).

Vysledek prvni implantace plvodni ¢eskou neuroprotézou byl velice dobry, pacient slySel
zvuky, znac¢né se mu usnadnilo odezirani a kontrola vlastniho hlasu. V nasledujicim obdobi do roku
1991 byla tato jednokanalova kochlearni neuroprotéza operovana u 10 postlingvalné neslysicich
dospélych pacientd, v péti pfipadech byla reoperovana. Aktivni elektroda byla umisténa ze zacatku
extrakochlearné, do okrouhlého okénka, pozdéji intrakochlearné do bazalniho zavitu kochley.
Implantovani slyseli zvuky, byli schopni suprasegmentdlni diskriminace (vnimani melodie feci, vysky
ténu), ale ve valné vétsiny nedokazali rozumét reci bez zrakové kontroly. Hlavnim nedostatkem
neuroprotézy byla vSak omezena Zivotnost. Primérnd doba fungovani implantatu v lidském téle
byla 22,7 mésice (SD 254,4 dnQ). Hlavni pfi¢iny selhdni zahrnovaly zlomy v elektrodé, prisak vody
pouzdrem a zkrat vimplantabilni ¢asti. Vlivem korozivniho prostfedi lidskych tkani dochdzelo
k prisaku vody skrze epoxidové pouzdro do nitra implantatu a ke ztratam funkce. Pfi¢inou l[amani
platiniridiovych elektrod byly vyrobcem nedeklarované vmetky zirkonu v Pt-Ir slitiné (Betka,
Valvoda, Hruby, & Skrivan, 1989, 1990; Hruby et al., 1988; Syka, Popelar, & Valvoda, 1989; Valvoda,
Betka, Hruby, & Skrivan, 1989b).

Po otevieni trhu vroce 1989 byla neuroprotéza zcela prekonstruovana s vyuzitim
kardiostimulatory, bylo vyvinuto pouzdfeni implantatu do titanu a zavedena rada zlepseni s cilem
podstatné zvysit spolehlivost. Soucasné s rekonstrukci jednokandlové kochlearni neuroprotézy byl
navrzen unikatni integrovany obvod pro vicekanalovou univerzalni neuroprotézu, ktera by byla
mohla byt vyuZita nejen ke stimulaci sluchového nervu, ale kupfikladu i nervi zajistujicich
vyprazdriovani mocového méchyre u plegikd apod. Obvod byl vyroben na zakdzku LESN ve
pomérné brzy poté zanikla a tim zmizela i mozZnost vyroby kochlearnich implantatd u nas.

Trh se nicméné otevrel pro dovoz mezitim znaéné zdokonalenych zahraniénich implantat(.

Zacatkem devadesatych let minulého stoleti se v Praze konstituovala dvé implantacni centra. Prvni



implanta¢ni centrum na ORL klinice FVL UK (nyni 1. LF UK) VSeobecné fakultni nemocnice pod
vedenim prof. MUDr. Betky, DrSc., druhé implantacni centrum na ORL klinice FDL UK (nyni 2. LF UK)
Fakultni nemocnice v Motole pod vedenim doc. MUDr. Kabelky. Soucasné v té dobé zacala plsobit
na zdejSim trhu firma Cochlear™, ktera ma ve svétovém méfitku majoritni podil na trhu
s kochlearnimi implantaty.

Prvni détsky Cesky pacient, ktery dostal tuto neuroprotézu, byl operovan v roce 1992 na
ORL klinice v Medizinische Hochschule v Hannoveru prednostou tamni ORL kliniky
prof. MUDr. Lehnhardtem. Prvni détsky pacient, ktery dostal neuroprotézu Nucleus v Cesku, byl
operovan doc. MUDr. Kabelkou za asistence prof. MUDr. Lehnhardta v roce 1993.

Prof. MUDr. Lehnhardt vyskolil operacni tym provadéjici operace vicekanalovych
neuroprotéz Nucleus™ i v prvnim implanta¢nim centru. Zde byl tento implantat Gspésné pouzit u
dospélého pacienta v roce 1994.

Prvni kochlearni implantace byly podporovany granty a uUcelovym fondem Vseobecné
zdravotni pojistovny, pravidelné thrady podle Ciselniku VZP se datuji od roku 1995.

Na cesky trh postupné pronikly i ostatni dva hlavni vyrobci zabyvajici se vyrobou
kochledrnich neuroprotéz. Vyrobek rakouské spolec¢nosti MED-EL™ byl poprvé na tuzemské pldé
pouZzit u dospélého pacienta v prvnim implantaénim centru (které se mezitim prestéhovalo do
Fakultni nemocnice v Motole) vroce 2006. Prvni dva pacienti s neuroprotézou plvodné
severoamerické, nyni Svycarské spolec¢nosti Advanced Bionics™ byli operovani v tésné ndvaznosti
v Brné a v Praze v fijnu roku 2015.

V soucasné dobé kromé dvou implantacnich center pro déti a dospélé v prazské motolské
nemocnici plsobi i dvé centra (taktéz pro déti a pro dospélé) ve Fakultni nemocnici v Brné, jedno
centrum v Ostravé a nejnovéji centrum ve Fakultni nemocnici v Hradci Kralové (stav k lednu roku
2018).

Prvni implanta¢ni centrum na Klinice otorinolaryngologie a chirurgie hlavy a krku 1. LF UK v
prazské fakultni nemocnici v Motole se kromé kochledrnich implantaci zabyva téz implantacemi
sluchové neuroprotézy do mozkového kmene od roku 1999 (Skrivan et al., 2003; Zverina et al.,
2000) a implantacemi hybridniho kochlearniho implantatu od roku 2010.

V soucasné dobé je v Cesku kochledrni neuroprotézou implantovano celkem pres 1000

détskych i dospélych pacientd.



I.5 Konstrukce kochlearniho implantatu

Kochlearni implantat se sklada ze dvou ¢asti (obrazek I. 5-1).

Z ¢asti vnitfni, implantabilni, kterd se nazyva pfijima¢ — stimulator, nebo jednoduse
implantat; tato ¢ast s v pribéhu operace vklada do l0zZka ve skalni kosti za ucho, elektrodovy svazek
se zavadi do hlemyzdé.Z ¢asti zevni, zvukového procesoru, ktery obsahuje mikrofon, elektronické
obvody a vysilaci civku; ve zvukovém procesoru se zvuky méni na elektrické signaly, které se kdduji
a poté privadéji do vysilaci civky.

Obé ¢asti spolu komunikuji transkutanné na radiofrekvencnim principu pres intaktni kdzi.

Obrazek I. 5-1 - Kochledrni implantat
V levé Cdsti obrdzku jsou zvukové procesory (zcela vlevo dole diskovy procesor ,mimo boltec”, uprostred
klasicky zdusni, ,behind the ear”, bilé barvy). Implantabilni ¢dst je v pravé cdsti obrdzku. Zdroj:
http://www.medel.com/images-downloads/?titel=Images&

I.5.1 ZVUKOVY PROCESOR

Vnéjsi ¢ast, zvukovy procesor, vypada v klasickém provedeni jako sluchadlo. Zavésuje se za
ucho, vysilaci civka je s nim propojena kratkym kabelem a priklada se na kizi nad vnitfni magnet v

implantatu. Toto je uspofadani zavésné na boltec, ,behind the ear”. Vzhledem k miniaturizaci je



mozné umistit cely zevni systém do podoby mimo boltec, , off the ear”. Procesor pak ma tvar
nizkého disku drZiciho na kdzi hlavy jen silou magnetu bez zavésu za boltec.

Zvukovy procesor snima mikrofonem zvuky okoli a zpracovava je do formy vhodné pro
stimulaci. Vyslednd informace se bezdratové prendsi do implantatu pomoci vysilaci civky, kterd je
s procesorem spojena kratkym kabelem a v pozici nad implantatem je na kl0Zi pridrZovana
magnetem. V implantatu je signal dekédovan a na jeho podkladé jsou na jednotlivych elektrodach
uvnitf hlemyzdé generovany pfislusné impulzy. Z radiofrekvenéniho signalu je rovnéZz odvozeno

napajeni vnitfni ¢asti, ktera tudiz nepotfebuje Zadné baterie.

1.5.2 IMPLANTAT

Cést vnitfni, implantat, se vpribéhu operace vkladd do lidského téla. Elektronika
implantatu je umisténa v titanovém pouzdru. K nému je pfipojena pfijimaci civka, v jejimz stfedu je
umistén magnet pfidrzujici ve spravné pozici vnéjsi vysilaci civku. Vlastni magnet je rovnéz
zapouzdren v titanu, protoZe pouZzité magnetické materidly nejsou biokompatibilni. Z titanového
pouzdra vychazi elektrodovy svazek a pfipadné i jedna z referencnich elektrod. Povrch titanového
pouzdra se obvykle vyuZiva rovnéz jako referencni elektroda. Cely systém je zapouzdieny do
medicinalniho silikonu. | vSechny dalsi pouzité materialy, které jsou v kontaktu s tkani nebo s ni
mohou do kontaktu pfijit, jsou biokompatibilni.

Implantat ma plochy tvar a vklada se do mélkého llzka vyfrézovaného do spankové kosti
retroaurikularné. Elektrodovy svazek se zasunuje do scala tympani hlemyZdé, a to bud po protnuti
membrany okrouhlého okénka anebo kochleostomii, coZ je vyfrézovany otvor ustici do scala
tympani tésné pred okrouhlym okénkem. Referencni elektroda se zasune pod spankovy sval.

Nékteré elektrodové svazky nazyvané perimodiolarni jsou konstruovany tak, aby po
zavedeni do hlemyzdé zaujaly misto v tésné blizkosti centralniho pilife kochley, modiolu, cozZ vede

ke zvyseni specificity stimulace a ke snizeni spotfeby (obrazek I. 5. 2-1).
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Obr. I. 5. 2-1 - Kochledrni neuroprotéza Profile™ spolecnosti Cochlear™
V horni Cdsti obrdzku je v medicindlnim silikonu zapouzdiend prijimaci civka s vyjimatelnym magnetem
v centru, pod ni je titanové pouzdro s elektronikou. Z pouzdra vychdzeji dvé elektrody, kratsi referencni
elektroda a delsi elektrodovy svazek perimodioldrniho typu, ktery se v prubéhu operace zavddi do scala
tympani. Zdroj: Cochlear™ Ltd, Austrdlie.

Pfitomnost magnetu v implantabilni ¢asti prinasi jisté obtiZe pti vySetfeni magnetickou
rezonanci. U modernich kochlearnich neuroprotéz lze vySetfeni magnetickou rezonanci provést
pfistrojem do sily magnetického pole 1,5 Tesla, aniz by bylo nutné magnet vyjmout. Je vsak
nezbytné provést bandaz hlavy, jejimz ucelem je fixace implantdtu, a to hlavné v oblasti vnitifniho
magnetu, na ktery puUsobi v pribéhu vysetieni znac¢na sila. Pfi kazdém takovém vysetieni je nutné
postupovat presné podle instrukci vyrobce. Urcitou nevyhodou je fakt, Ze magnet ponechany in situ
vytvari ve svém okoli znacny artefakt ziskaného obrazu. Nicméné magnet je moiné drobnym
chirurgickym zakrokem zimplantabilni ¢asti vyjmout, vySetfeni magnetickou rezonanci poté
provést a magnet do neuroprotézy pak vratit. Vynéti magnetu je nezbytnou podminkou pfi

vySetfeni pfistrojem o sile magnetického pole vyssim jak 1,5 Tesla.
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.6 Elektricka stimulace sluchového nervu

Ukolem elektrické stimulace sluchové nervu je prenaset informace o dvou zédkladnich
vlastnostech zvuku — o vysce ténu a o hlasitosti.

Vysku ténu neboli kddovani frekvence je mozné zprostredkovat dvéma zplsoby.

1. PFi prvnim zplsobu se predpoklada, Ze akéni potencidly sluchového nervu
budou kopirovat frekvenci stimulace: ¢im vyssi frekvence stimulu, tim vyssi je vyska
vyvolaného ténu. To vsak plati jen do urcité hodnoty, ktera je zhruba 200 — 300 Hz, nebot
v disledku refrakterni faze a adaptace neuronll nelze vyvolat odpovéd pfi vyssich
kmitoctech, nez je tato kmitocCtova hranice.

2. Druhy zplsob predavani informace o vySce ténu vyuziva principu
tonotopicity. Tonotopicita je podminéna takovym usporadanim nervové tkané, kdy
stimulace v daném misté vyvola tén o definované vysce. Je charakteristickd pro celou
sluchovou drahu, od kochley az po sluchovy kortex vtemporalnim laloku. Stimulace
nervovych element(l v bazi hlemyzdé je vnimana jako vysoké téony, zatimco stimulace
vysSich etdzi kochley jako tony nizké.

Hlasitost vjemu nar(sta s rostouci intenzitou elektrické stimulace. Vnimani hlasitosti ale
funguje jinak, nez je tomu pfi normalnim slySeni. Nékteré mechanismy se zde neuplatni (chybi zde
aktivita vnéjsich vlaskovych bunék, neuplatni se existence vlaken s rliznou prahovou uUrovni ani
stochasticita rozloZeni akénich potenciall). NarUst hlasitosti odrazi hlavné nardst poctu elektricky
stimulovanych nervovych vlaken nebo tél gangliovych bunék — ¢im silnéjsi stimulus, tim Sirsi oblast
je aktivovana. Absence uvedenych mechanismi zplisobuje, Ze hlasitost spolu s rostouci intenzitou
stimulace narlistd velmi rychle. Vyjadrime-li pomér proudd potrebnych k vyvolani prahového a
maximalné hlasitého, ale jesté pfijemného viemu v decibelech, dostaneme hodnotu 8 dB nebo i
méné. Nastésti uzivatelé kochledrnich implantatld rozlisi vtomto Uzkém dynamickém rozsahu
mnohem vice hlasitostnich drovni, nez by v pasmu 8 dB bylo mozné rozlisit u osob s normalnim
sluchem. Tato skutecnost musi byt oSetfena pri zpracovani akustickych signdli ve zvukovém
procesoru a u kazdého implantovaného je nutné presné zmapovat jeho dynamicky rozsah (coz je
pasmo mezi prahem vjemu a maximalni, jesté pfijemnou Urovni hlasitosti) a jen v tomto rozsahu
stimulovat. Stimulace pod prahovou urovni nevyvoldva zvukovy vjem, stimulace nad maximalni
pfijemnou hlasitosti je, jak ndzev napovidd, nepfijemna az bolestiva.

Vsechny soucasné zvukové procesory se snazi imitovat funkci normalné fungujiciho

vnitfniho ucha. Akusticky signal snimany mikrofonem rozdéluji pomoci banky filtr( do dilcich, na
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Pasem je stejny pocet jako stimulacnich kanald, ktery dany systém dokaZe vytvofit a je dan poctem
elektrodovych kontaktl, které nese elektrodovy svazek zavedeny do kochley. Nejvyssi pocet kanal(i

— 22 — maji v soucasné dobé systémy Nucleus™ spole¢nosti Cochlear™ (obrazek I. 6-1).
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Obrazek I. 6-1 - Schéma zvukového procesoru pouZivajiciho stimulacni strategii SPEAK
Signdl je po zesileni veden do banky 20 filtr(i, kde je rozdélen do pdsem podle frekvence. Poté je u kaZdého
z pdsem extrahovdna obdlka signdlu a je vybrdn N pocet nejsilnéjsich frekvenci (N je ddno tvarem spektra).
Amplitudy vybranych obdlek jsou logaritmicky zkomprimovdny a jsou vysldny pres kiZi do civky viastniho
implantdtu.
Zdroj: https://en.wikibooks.org/wiki/Sensory_Systems/Neurosensory_Implants/Cochlear_Implants.

Jiz jsme zminili, Ze normalné fungujici ucho pracuje na zakladé tonotopického principu a
provadi kmitoctovou analyzu akustického signalu v redlném case. Zvuk urcitého kmitoctu obsazeny
v daném okamziku ve slozeném akustickém signdlu zarezonuje v diskrétnim misté kochley, preda
tam svou energii a ve vysledku dojde k podrazdéni struktur sluchového nervu, které dané misto
inervuji. Zvuky o jinych kmito¢tech rezonuji jinde, ale kazdému kmitoctu z akustického pasma
odpovida pravé jedno urcité misto.

Obsahuje-li akusticky signal snimany procesorem urcity kmitocet, objevi se tento dilci signal
i na vystupu odpovidajiciho filtru. Zného jsou pak odvozeny elektrické impulsy, kterymi se
v hlemyZzdi podrazdi nervové struktury odpovédné za kdédovani kmitoctli pasma patficiho do
pUsobnosti daného filtru. Tim je tonotopickd reprezentace kmitoc¢td zachovana. Procesor

uskutecniuje jesté fadu dalSich funkci, jejich popis se ale vymyka rozsahu tohoto pojednani.
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Komplikovana konverze Sirokopasmového akustického signalu o velkém dynamickém
rozsahu do jednotlivych paralelnich elektrickych signdld o Gzkém kmitoltovém spektru a malém
dynamickém rozsahu, které jsou pak prezentovany vlakniim sluchového nervu, zstava omezujicim
prvkem v konstrukci neuroprotézy. V normalnim hlemyzdi se o pfenos zmén, které se odehravaji
na bazilarni membrané, stara zhruba 1000 vnitinich vldskovych bunék, které tyto informace
predavaji prostfednictvim nezavislych synapsi 30 000 sluchovych neurond. Na zpracovani zvuk( se
podili i trojndsobny pocet vnéjsich vlaskovych bunék, diky nimz slySime soucasné nejtissi i
nejhlasitéjsi zvuky.

Soucasné kochledrni neuroprotézy maji 12 - 24 elektrodovych zakonéeni s nedokonalou
prostorovou selektivitou, které stimuluji relativné maly pocet sluchovych neuron(. Kochlearni
neuroprotéza proto zatim nemuzZe byt rovnocennou nahradou sluchu a jeji nositelé se mohou
potykat s mnoha obtizemi, pfedevsim s horsim rozuménim feci v hlu¢ném prostfedi a s omezenym

’

i implantovani se

vnimanim hudby. Na druhé strané je nutné konstatovat, Ze Uspésni dospé
navraceji do svych povoldni a navazuji ztracené kontakty a prevaina vétSina implantovanych

prelingvdlné neslysicich déti navstévuje bézné zakladni Skoly.

I.7 Indikace kochlearni implantace

Pfinos kochlearniho implantdtu je rdzny a nelze ho predem presné urcit. To, jak se
implantovany nauci s kochledrni neuroprotézou slyset zvuky a rozumét redi, je dano do znacné miry
rehabilitaci, kterou provadi kvalifikovany tym logopedu, foniatrd a inZzenyr(. K fungovani programu
kochledrnich implantaci je vidy nutné specializované centrum. U déti maji na dosazeny vysledek
velky vliv také pripadné dalsi hendikepy.

Jaky je tedy vhodny kandidat kochlearni neuroprotézy?

ZaleZi na tom, zdali jde o hluchotu prelingvalni nebo postlingvalni.

Ke kochlearni implantaci je indikovano prelingvalné ohluchlé dité, pokud operace probéhne
co nejdrive, optimalné okolo prvniho roku véku. Nejlepsim feSenim je v tomto ptipadé oboustrannd
kochledrni implantace v jedné dobé, tedy bilateralni synchronni. U prelingvalni hluchoty pfinos
kochledrniho implantatu klesa s vékem vzhledem k tomu, Ze dité se postupné nauci komunikovat
na zakladé vizudlnich voditek a tento zplsob komunikace se v disledku rozvoje mozku stava

majoritnim a definitivnim. Prelingvalné ohluchli dospéli se dorozumivaji vétsSinou znakovou reci,
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pfinos kochledrni neuroprotézy je u nich minimalni. Nepfedstavuji tedy indikacni skupinu pro
kochledrniimplantaci. Postlingvalné neslysici, détii dospéli, jsou indikovdni ke kochlearni implantaci
co nejdfive po ztraté sluchu.

Indikaéni kritéria ke kochledrni a kmenové implantaci byly v roce 2014 vypracovany Ceskou
spolecnosti otorinolaryngologie a chirurgie hlavy a krku Ceské lékaiské spoleénosti Jana Evangelisty
Purkyné. Jsou verejné dostupna na webovych strankach spolec¢nosti (tabulka I. 7-1).

Z indikaci vyplyva, Ze oboustranna synchronni kochlearni implantace je metodou primarni

volby u déti s vrozenou hluchotou bez pfidruzenych vad do véku 4 let.

Tabulka I. 7-1 - Indikacni kritéria pro implantovatelné sluchové pomdacky.
Zdroj: http.//www.otorinolaryngologie.cz/dokumenty/indikace.pdf

Indikace pro kochlearni implantaci 2014

Patologicky stav Sluch Reseni
kongenitalni prelingvalni percepéni porucha sluchu nad 85 dB HL, bilateralni CI - co nejdfive po diagnose, optimalné mezi 0,5.-3. rokem
hluchota prumér na hlavnich kmitoétovych hladinach | véku, maximalné do 4 let; standardni je oboustranna kochlearni

implantace synchronni; pouze u hluchych déti bez pridruzenych vad (m.
Down, DMO), podminkou je dobfe spolupracujici rodina (redlné
oCekavani, socialni zazemi apod.) U déti s pfidruZenymi vadami (M.
Down, DMO, ...) je indikovana Cl jednostranna.

u déti s jiz jednostrannym korigovan jednostrannou kochlearni | druhostranna metachronni implantace, pokud od prvni operace uplynul
kochleamim implantatem implantaci zpravidla 1 rok, ale mozno i do 3 let; pouze u hluchych déti bez
operovanym jiZ dfive pfidruZenych vad, podminkou je dobfe spolupracujici rodina (realné

otekavani, socialni zazemi apod.)

oboustranna postlingvalni ztrata sluchu oboustranné nad 85 dB; kochlearni implantace co nejdfive po ohluchnuti po vyzkouseni sluchadel;
hluchota; progredujici percepéni | diskriminace z otevieného souboru s implantace jednostranna; oboustranna implantace standardné u pacienti
porucha sluchu, ktera vyustila v | optimalné nastavenym sluchadlem do 40% | se slepotou nebo hrozici slepotou a u nahle postlingvalné ohluchlych déti
hluchotu; nahle vznikla do véku 6 let

oboustranna porucha sluchu
rozlicné etiologie (meningitis,
Uraz, ototoxicke latky)

oboustranna nedoslychavost oboustranna percepéni ztrata sluchu kochlearni implantat Hybrid / EAS
bez progrese s maximem ve oboustranné s poklesem kostniho vedeni
vysokych frekvencich od 500 Hz a vySe na 70 dB a vice; nad 1,5

kHz je kostni vedeni 70 dB a vy3si;

rozuméni z otevieného slovniho souboru

10-60%

oboustranna lese nebo hluchota ABI - kmenové neuroprotéza
kongenitalni aplasie sluchového
nervu, oboustranna nemoznost
vyuit kochleu pro konvenéni
Cl; neurofibromatosis 2, st. p.
meningitidé s obliteraci kochley
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1.8 Perspektivy kochlearnich implantaci

Kochledrni implantaty ucinily za poslednich tficet let bezesporu obrovsky krok.
Z primitivnich a jednoduchych elektronickych obvodl se staly komplikované a vysoce ucinné
systémy, které umoznuji prelingvalné hluchym détem implantovanym v utlém détstvi plny rozvoj
normalni feci bez nutnosti specidlni vychovy a vzdélavani. Postlingvalné neslysici dospéli mohou
v mnohych ptipadech s kochledrni neuroprotézou telefonovat a dosahovat v klidném prostredi
dokonalého rozuméni feci bez odezirani. Kochlearni implantaty vraci seniory zpét do spolec¢nosti,
nebot ti jsou schopni komunikovat bez obtizi, udrZzovat a navazovat mezilidské vztahy. Kochlearni
implantaty operované ve vyssim véku tak zabranuji nebo oddaluji nastup demence, protoze
zasobuji mozek zevnimi sluchovymi viemy a komunikacnimi podnéty. O takovéto mife efektivity
kochlearnich neuroprotéz se jejich prlkopnikim nezdalo ani v nejdivocejsich predstavach
(Rubinstein, 2012).

Vzhledem ktomu, Ze pfinos neuroprotéz je tak vysoky, doslo k rozsifeni a ,zmékceni”
indikacnich kritérii. Implantuji se i pacienti se zbytky sluchu a pacienti s jednostrannou hluchotou.
PlGvodni predpoklad, Ze jen zcela oboustranné neslysici dostane kochlearni implantat, uz davno
neplati.

Kochledrni implantadt neni vSak prost omezeni. Implantovani maji potize s rozuménim
v hlu¢ném prostfedi a v situacich, kdy mluvi vice lidi najednou. Vnimani hudby je vyrazné omezené.
Je to dasledek faktu, Ze pfi zpracovani signdld jsou brany v potaz jen nékteré jeho prvky v zajmu
rychlosti jeho zpracovani a pfijatelné spotieby elektrické energie. Nahlizejme tedy na kochlearni
neuroprotézu jako na hrdlo lahve, jakési zizeni omezujici tok akustické informace do mozku. Cilem
je zlepsit zpracovani signadlu za ucelem lepsiho rozuméni reci v neoptimalnich poslechovych

podminkach a vérnéjsi reprodukce zvuk i reci.

1.8.1 BIMODALNI A HYBRIDNi ZPRACOVANI SIGNALU

Jednou z cest, jak zlepsit rozumeéni v hlu¢ném prostredi u implantovanych, je uskutecnéni
dvojiho vstupu — akustického i elektrického slySeni. Bud tak, Ze je v jednom uchu kochlearni
implantat a vuchu druhém sluchadlo (bimodalni stimulace) anebo jsou vjednom uchu obé

modality, elektricka i akusticka (stimulace hybridni, elektroakusticka). Oba zplsoby stimulace,
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akusticka i elektrickd, se vzajemné dopliuji. Sluchadlo poskytuje informace v pasmu nizkych
kmitoctl, zatimco kochlearni implantat v pasmu kmito¢tl vysokych. Kandidaty hybridniho
implantdtu byvaji vétsinou starsi dospéli se sluchovymi ztrdtami v oblasti vysokych frekvenci. Byva
to Casty projev degenerativnich zmén ve sluchovém organu. Konvenéni sluchadla témto osobam
prilis nepomdhaji, maji obtize pfi komunikaci v hlu¢ném prostredi, pfi poslechu hudby a hovoru
svice osobami. To fesi coby pfidana hodnota elektrickd stimulace v oblasti vyssich kmitoct(
zvukového spektra. U kombinované stimulace zachovani akustické slozky v hlubokych kmitoctech

¢ini viem zase prirozenéjsim, pomaha vnimani hudby a zlepsuje téz rozuméni reci v hluku.

.8.2 OBOUSTRANNA KOCHLEARNI IMPLANTACE

Oboustranna kochledrni implantace v jedné dobé je u prelingvalné neslysicich déti do véku
Ctyf let vtuzemsku indikovana a plné hrazena zdravotnimi pojistovnami (tabulka I. 7 - 1).
Oboustranna elektricka stimulace zajistuje ve srovnani s implantaci jednostrannou dokonalejsi a
rychlejsi rozvoj feli, osvojeni si jazyka, lepsi rozuméni v hlu¢ném prostfedi, rychlejsi uéeni a
prejimani informaci, rychlejsi reakci na varovné zvuky, prostorovou orientaci ve svété zvuk a reci.
Je to tedy metoda primarni volby pfi zvaZovani implantace u prelingvalni hluchoty. Za ideadlnich
podminek by byla bilateralni kochledrni implantace indikovana i u dospélych, nardzi to vsak na nizsi
nakladovou efektivitu ve srovnani s oboustrannou intervenci u déti.

Podrobnéji je o vyznamu oboustranného slySeni pojednano v kapitole Il.

.8.3 KOCHLEARNI IMPLANTACE U JEDNOSTRANNE HLUCHOTY

Pro ndhle vzniklou postlingvalni jednostrannou hluchotu azZ do neddvné doby neexistovalo
feSeni. Protetickou moZnosti jsou sluchadla CROS a BiCROS, ale to znamena nosit v obou usich usni
tvarovku, coZ je ne vidy pfijatelné a prijemné. Vibracni implantaty typu BAHD (bone anchored
hearing device) prenaseji zvuk v podobé vibraci do jediné funkéni kochley, nedovoluji tedy vyuZit
centrdlniho zpracovani signdlu z obou usi. Kochledrni implantdt naproti tomu tyto algoritmy vyuziva
véetné veskerého ptinosu, ktery z toho vyplyva (potladeni Sumu, prostorova zvukova orientace).
Elektrickou stimulaci v hluchém uchu potlacuje i tinnitus, ktery je castym dyskomfortnim

doprovazejicim jevem pfi poskozeni vnitfniho ucha. Mozek dokaze skloubit jak akustické, tak
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elektrické signaly z obou usi. UZivatelé kochlearni neuroprotézy postiZzeni jednostrannou hluchotu

jej pozivaji predevsim v obtiznych a vypjatych poslechovych situacich, jako je hluk, fizeni vozu apod.

.8.4 PLNE IMPLANTABILN{ KOCHLEARNI IMPLANTAT, TICI (TOTALLY IMPLANTABLE

COCHLEAR IMPLANT)

U TICI je veskera elektronika, vcetné mikrofonu, baterii a zvukového procesoru
implantovana pod klZi svého nositele. Jiz existuje jako prototyp, ale sériové se nepouZiva.
Problémem jsou baterie, které je nutné vyménovat v intervalu zhruba 10 let a téZ mikrofon, ktery

mnohdy zachycuje parazitni zvuky (dotyk na kizi, pohyby vlast apod.).

1.8.5 ZACHOVANI| A REGENERACE SLUCHOVEHO NERVU

K tomu, aby elektricka stimulace sluchového nervu optimalné fungovala, je nezbytna zdrava
a pocetna populace neuronl v hlemyzdi. Je-li moZné zachovat nebo regenerovat jejich dendrity,
zlepsi se ¢asové a prostorové vzorce neuronalnich aktivit. Cilem je blokovat biochemické procesy
vedouci k neuronové smrti a stimulovat reparacni pochody. Neurotropni latky je mozné instilovat
do kochley v prlibéhu implantace anebo — jesté |épe — zajistit jejich trvaly pfisun prostfednictvim
kandalkQl vimplantované elektrodé. Regeneraci vlaken sluchového nervu a vlaskovych bunék je
mozné pomoci rady rlstovych faktord, jak bylo prokdzano v bunécnych kulturach u LIF (leukemia
inhibitory factor) a u cytokin(. V téchto postupech lze vyuzit nanotechnologii, které funguji jako
nosice pro aktivni substance ve spojeni s plsobenim elektrického pole. V idealnim pripadé se tyto
nanonosi¢e zabuduji do silikonu v elektrodovém svazku a poté jsou pfi elektrické stimulaci
uvolfiovany a cilené smérovany do nervové tkané v modiolu. Konecné existuje moznost, jak pomoci
neurotropnich faktord obnovit plasticitu mozku ve vyssich sluchovych centrech. Tyto faktory nejen
pronikaji podél neuronli a méni je, ale zaroven iniciuji signalni kaskady v dalSich etazich. Spolu

s elektrickou stimulaci mohou tyto mechanismy obnovit mozkovou strukturu do plastic¢téjsiho stavu

podobné jako po porodu, a tim zlepsit zpracovani signdlu i ve vyssim véku (G. Clark, 2003).
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Kapitola Il

Binaurdlni slyseni a oboustrannd kochledrni implantace

.1 Vyznam binauralniho slySeni

Lidé s normalnim sluchem slysi binaurdlné, coZ jim pfinasi znacnou vyhodu pfi rozuméni

feci vobtiznych poslechovych podminkach. Ve srovnani s poslechem jednim uchem je pfi

binauralnim poslechu srozumitelnost feci v hluku znatelné lepsi. Ve hre je celd fada komplexnich

faktor(, které prispivaji k separaci feci od hluku pozadi. Existuji tfi hlavni specifické komponenty

charakterizujici binaurdlni poslech. Oznacuji se jako binaurdlni vyhoda:

1. Akusticky stin hlavy. Je-li mluvci prostorové oddélen od zdroje hluku, pomér

signalu k Sumu v kazdém uchu je disparatni vzhledem k odliSnému filtrovani frekvenci
(predevsim ve vyssi Casti spektra) fyzickou pFitomnosti hlavy. Pfi binaurdlnim poslechu,
vyuziva posluchac selektivné ucho s pfiznivéjsim pomérem signalu k Sumu (tedy ucho
protilehlé ke zdroji hluku) za Ucelem lepsiho rozuméni feci.

2. Binaurdlni_squelch! je schopnost sluchovych drah zvy$it pomér signalu

k Sumu. Sluchovy systém kombinuje informace z obou usi za Gcelem optimalni centrdlni
reprezentace stimulu. Stejné jako v predchozim pfipadé se vyuziva v situaci prostorového
oddéleni mluvéiho od zdroje hluku.

3. Binauralni redundance, sumace. Binaurdlni redundance je vyuZivana

v situacich prostorové identifikace mluvciho se zdrojem hluku. Binaurdlni redundanci se
rozumi schopnost sluchovych drah centrdlné zkombinovat oboustrannou reprezentaci
signalu za ucelem optimalniho rozuméni feci (R. Litovsky, Parkinson, Arcaroli, & Sammeth,

2006).

1 Squelch, angl.. — v tomto kontextu znamend umléeni, Utlum, potlaéeni.
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Casovy rozdil v dopadu zvuku do ucha vznikd v dlisledku réizné vzdalenosti usi od zdroje
zvuku, je tedy zavisly na Ghlu binauralni osy vc¢i zvukovému zdroji. Tato veli¢ina se nazyva meziusni

Casovy rozdil a oznacuje se ITD (interaural time difference).

Fazovy rozdil, ktery vznika pti dopadu zvuku na obé usi v rizné fazi zvukové viny, se nazyva

meziusni fazovy rozdil a oznacuje se IPD (interaural phase difference).

Rozdil v intenzité vznikad v dlsledku akustického stinu hlavy a odlisné vzdalenosti usi od
zdroje zvuku. Je zavisly téZ na vinové délce stimulu; v disledku lomu zvuku na prekazce (hlavé
posluchace) je intenzitni ztrdta ve vyssich frekvencich vyssi nez ve frekvenci hlubokych (Drsata,

2015). Nazyva se meziusni intenzitni rozdil a oznacuje se ILD (interaural level difference).

Meziusni ¢asovy rozdil, ITD, se uplatriuje predevsim u nizkofrekvenénich stimul( o kmitoc¢tu
nékolika malo stovek hertz( (Hz). Nejmensi ¢asové rozdily, které je normalni sluchovy aparat je
schopen zaznamenat, se pohybuji v fddu nékolika desitek mikrosekund (us). Schopnost detekovat
minimalni casové rozdily mezi signdly v obou usich klesa srostoucim kmitoétem stimulu az

k hodnotam 1400 Hz, kde zcela vymizi (Brughera, Dunai, & Hartmann, 2013).

ITD je funkéni i v pfipadech, kdy stimulus nosné viny o vysoké frekvenci je amplitudové
modulovan nizkofrekvenénim kmitoc¢tem. Nejcitlivéjsi oblasti ITD jsou modula¢ni kmitocty 100-200
Hz a citlivost opét klesad s rostoucim modulaénim kmitoctem (Bernstein, 2001; McFadden &
Pasanen, 1978). Velikost ILD naopak stoupa s rostouci frekvenci stimulu prezentovaného ve volném

poli (Ehlers, Goupell, Zheng, Godar, & Litovsky, 2017).

Normadlné slysici posluchaci vykazuji robustni citlivost vci binauralnim voditkim a jsou

schopni téchto voditek efektivné vyuzivat pfi pfijimani informaci v akustickém prostoru.

Il. 2 Organizace sluchovych drah na zakladé zvukové stimulace

Absence sluchového vstupu Cini sluchové drahy zranitelné vici reorganizaci (Bavelier, Dye,
& Hauser, 2006; Bavelier & Neville, 2002; Bavelier et al., 2000; Finney, Fine, & Dobkins, 2001; D. S.
Lee et al., 2001; Merabet & Pascual-Leone, 2010; Nishimura et al., 1999). Pfi absenci sluchovych
vstupl jsou sekundarni a asociované auditorni oblasti, véetné okrskd planum temporale, které
reaguji na multisenzorické podnéty vcetné sluchu, zraku a hmatu, rekrutovany zrakovymi a

somatosenzorickymi systémy za ucelem uskutecnovani ukoll nesluchové povahy (Auer, Bernstein,
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& Coulter, 1998; Calvert, Hansen, lversen, & Brammer, 2001; Calvert & Thesen, 2004; Finney et al.,
2001; Giard & Peronnet, 1999; D. S. Lee et al., 2001; H. J. Lee, Truy, Mamou, Sappey-Marinier, &
Giraud, 2007; Levanen, Jousmaki, & Hari, 1998; Lomber, Meredith, & Kral, 2010; Meredith &
Lomber, 2011; Yeterian & Pandya, 1985). Nasledkem ¢asné sluchové deprivace dochazi u neslysicich
jedincl k podpore vizualniho vnimani lokalizace a pohybu objekt( v prostoru a somatosenzorického
Citi prosttednictvim sluchové klry, ktera byla plvodné urcena pro akustické viemy. Tyto zmény jsou
pfimym dasledkem kompetitivnich snah v korovych oblastech s multisenzorickymi vstupy (Lomber
et al., 2010; Meredith & Lomber, 2011). Podle Hebba vytvareji neurony funkcni spoje se vstupy
neauditivni povahy na ukor vstupu, které by prinasely sluchové informace (Abbott & Nelson, 2000;
Hebb, 1949; Song, Miller, & Abbott, 2000). Reorganizace sluchového kortexu pti absenci zvukové
stimulace je fundamentalni, nebot pokud se tyto zmény odehravaji v ¢asnych fazich vyvoje mozku,
mohou byt nevratné a mit tudiZz negativni vliv na pfinos kochledrni implantace. Zacind byt téz
zfejmé, Ze v dlsledku heterogenity etiologie a doby vzniku hluchoty v détské populaci k témto
zménam nedochdzi uniformné u vsech neslysicich déti (Gordon, Jiwani, & Papsin, 2011; Gordon,

Wong, et al., 2011).

Vyzravani sluchovych drah je nezbytnou podminkou optimalniho rozvoje sluchu a osvojeni
si jazyka. Tato maturace je Uzce podminéna absenci sluchové lese, (Beadle et al., 2005; Geers &
Sedey, 2011; Gordon, Tanaka, Wong, & Papsin, 2008; Gordon, Wong, & Papsin, 2010; Harrison,
Gordon, & Mount, 2005; Kral, Hartmann, Tillein, Heid, & Klinke, 2001; Nicholas & Geers, 2007;
Nikolopoulos, O'Donoghue, & Archbold, 1999; O'Donoghue, 1999; Papsin & Gordon, 2007; Ponton
& Eggermont, 2001; Sharma, Dorman, & Kral, 2005).

Citlivé obdobi absence sluchové deprivace, které je nezbytné pro adekvatni rozvoj
centrdlniho sluchového systému, se zacina uzavirat pfiblizné v dobé od 4. do 7. roku Zivota a patrné
je zcela uzavieno dosazenim 12. roku (Ponton & Eggermont, 2001; Sharma et al., 2005). Je zfejmé,
Ze ¢im dfive dostane neslysici dité prvni kochlearni implantat, tim lepsi je stav jeho sluchu a reci.
Déti, které jsou implantovany az po 6. roce véku, maji horsi komunikaéni schopnosti nez jejich
vrstevnici implantovani drive (Fryauf-Bertschy, Tyler, Kelsay, Gantz, & Woodworth, 1997;
Manrique, Cervera-Paz, Huarte, & Molina, 2004; Miyamoto et al., 1994; Sharma, Dorman, Spahr, &
Todd, 2002).

Kvantitativnim korelatem faze rozvoje centrdlniho sluchového systému jsou sluchové
korové potencialy, CAEP (cortical auditory evoked potentials). Jsou elektroencefalografickym (EEG)
obrazem mozkové aktivity pfi zvukové stimulaci. DaleZitym parametrem je vina P1, kterd je

povaZovdana za vyjadreni synaptické propagace thalamo-kortikalnimi Useky centralnich sluchovych
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drah. V téchto segmentech sluchové drahy je latence viny P1 indexem jeji maturace. Déti, které jsou
implantovany do tfi a pal let, dosdhnou stejné latence viny P1 jako jejich slysSici vrstevnici do
6 mésicl po implantaci. Déti, které jsou implantovany po 7.roce véku, nedosdhnou uz nikdy
normalnich latenci viny P1, coz dobfe koreluje s klinickym nalezem horsiho stavu feci i jazyka

(Sharma et al., 2002; Sharma et al., 2005).

Analogické citlivé obdobi existuje i u nacasovani druhostranné kochlearniimplantace u déti,
které jiz byly jednostranné implantovany. Jednostranna implantace sice podpofi rozvoj sluchovych
drah, ale tento vyvoj se odehrava na ukor drah z druhostranného zvukové deprivovaného ucha.
Tento jev lze vysvétlit absenci inhibice, k niZ za normalnich podminek dochazi pfi binaurdlnim
slySeni pritomnosti vstupl z druhého ucha. Bez této inhibice se abnormalné zesiluje ascendentni
projekce ze stimulovaného ucha (Grothe, Pecka, & McAlpine, 2010; Jiwani, Papsin, & Gordon,
2013). Asynchronni bilaterdini sluchovy vyvoj u sekvenéné implantovanych déti vede k zménam
v mozkovém kmeni — vyssi latence odpovédi na zvukovy stimulus z ucha pozdéji implantovaného
mohou byt zplsobeny nizsim stupném axonalni myelinizace, pomalejsim neuronalnim vedenim,
slabsimi a pomalejsimi synapsemi a asynchronni neuronalni aktivitou. Rozdily v latencich odpovédi
v mozkovém kmeni se nevyskytuji u déti implantovanych oboustranné, a to bud' simultdanné nebo
sekvencné s kratkym intervalem mezi obéma operacemi (kratSim nez 1,5 roku) (Gordon, Jiwani, et

al., 2011; Gordon, Valero, & Papsin, 2007; Gordon, Valero, van Hoesel, & Papsin, 2008).

Tyto zmény se vSak neomezuji jen na mozkovy kmen. Duasledky asymetrické aktivity ve
sluchovych drahach byly nalezeny téz ve sluchové kiire. Stejné jako u nalezli v mozkovém kmeni,
nedoslo k normalizaci kortikalnich abnormalit ani po dlouhodobém oboustranném uzivani
kochledrnich implantat(i, pokud presahl interval mezi implantacemi casovy limit 1,5 roku (Gordon,

Wong, & Papsin, 2013).

Ani vcasna jednostranna kochlearni implantace s naslednym dlouhodobym pouZivanim
implantatu nezabrani potlaceni plasticity sluchovych drah pro centralni zpracovani signalu z obou
usi (Sharma et al., 2005). U déti, které byly oboustranné sekvencné implantovany, se trajektorie
zmén latenci viny P1 u druhého implantovaného ucha podobaly trajektoriim déti, které dostaly sv(j
prvni implantat ve stejném véku jako tyto déti implantat druhy. Jinymi slovy, pfinos druhého
implantatu pro rozvoj centrdlniho sluchového systému byl omezeny, presahl-li interval mezi
implantacemi ramec citlivého obdobi. Znamena to, Ze existuje i vtomto pfipadé okno efektivni

binauralni integrace pro déti, které dostanou kochlearni implantat i na druhé ucho.
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Vzhledem ke komplexnosti rliznych aspektl binauralniho benefitu je velmi obtizné jejich
vyhodnocovani u oboustranné implantovanych déti a jejich srovnani s détmi s pouze jednim
kochlearnim implantatem. V disledku nizkého véku a rozvijejiciho se jazyka u téchto déti je méreni
diskriminace feci v hluku a testovani lokalizace zdroje zvuku velmi ndro¢né. Srovnavani stavu jazyka

u jednostranné a oboustranné implantovanych déti vyZzaduje nékolikalety detailni monitoring.

Vyse uvedené skutecnosti o citlivém obdobi plasticity a vyzravani sluchové drahy jsou
odpovédi na argument pouze jednostranné implantace za ucelem ,uchovani” neoperovaného ucha
pro mozné budouci technologie regenerace sluchu. Pokud neni u jednostranné implantovaného
ditéte druhé ucho stimulovano v pribéhu tohoto citlivého obdobi, pozdéjsi technologie, jakkoliv
pokrocilé, nebudou schopny zabezpedit adekvatni zpracovani signdlu z tohoto ucha. Nevytvofi-li se
efektivni symetrické spoje v oblasti sluchovych drah a sluchové kiry, a ani pfipadna regenerace

vldskovych bunék nepfinese kyZeny efekt, pokud jiz doslo k uzavieni kritické citlivé periody.

Il. 3 Vyznam oboustranné kochlearni implantace

Vétsina oboustranné implantovanych déti je schopna vyuzit alespon nékterych voditek

typickych pro binauralni vstup. Ve srovnani s détmi implantovanymi jednostranné maji nasledujici

vyhody:
. Schopnost lokalizovat zdroj zvuku.
° Schopnost |épe rozumét feci v hluéném prostredi.
° Snadnéji si osvojit jazyk, snadnéji se ucit, 1épe a rychleji prejimat nové

poznatky a mit lepSi pamét. S dvéma implantaty je vyssi pravdépodobnost, Ze posluchac
zpracovava signaly rychleji a snadnéji. Zdvojeny vstup Cini zpracovani segmenta redi,
spojovani vyznamu a produkénich vzorcl se zvukovymi signaly snazsimi. Oboustranné
implantovani [épe monitoruji okolni prostiedi.

° Kvalita Zivota. VétSina oboustranné implantovanych |épe funguje
v bézném Zivoté nez implantovani jednostranné, nebot jejich komunikaéni usili je nizsi, a

to vede ke snizovani stresu. Bézné Zivotni situace, pfi nichz je oboustranné slyseni
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vyznamné, zahrnuji konverzaci s vice mluv¢imi, rozhovor v hluku, fizeni automobilu
v béZném provozu, pohyb ve tmé, sportovni aktivity a mnoho dalSich.

. Dilema lepsiho ucha. Z klinické perspektivy neni volba lepsiho ucha u
jednostranné implantace vidy jednoducha. Nékdy se voli k operaci hiie slysici ucho
v nadéji, Ze pro akusticky lépe slySici ucho bude mit pfinos sluchadlo a oba vstupy
(elektricky i akusticky) se navzajem zkombinuji (bimodalni slySeni). V jinych ptipadech se
naopak implantuje Iépe slysici ucho, nebot stav sluchové drahy na této strané je
povaZovan za optimalnéjsi a predpokladad se, Ze stejné kvalitni bude i elektrické slySeni po
implantaci. Vzhledem k nekonzistentnimu postoji v otdzce strany implantace je
prediktivita prinosu nedostatecnad. Pfi volbé obou usi k operaci stranové dilema odpada

(R. Litovsky et al., 2006).

Déti po oboustranné kochlearni implantaci maji signifikantné lepsi vysledky v uceni se
jazyku nez po implantaci jednostranné. Vysledky jsou pfi tom tim lepsi, ¢im dfive je operace
uskutecnéna (Sarant, Harris, Bennet, & Bant, 2014). Oboustranné implantované déti odpovidaji
mluvéimu bez zrakové kontroly signifikantné Castéji nez déti implantované jednostranné. Jsou
Pouzivaji oboustranné zvukové vstupy pfi hrani, aniz by byly nuceny tristit nebo délit svou

pozornost mezi objekt a komunikaci s mluvcim (Tait et al., 2010).

.4 Proc neni bilateralni vzdy binauralni?

Hovofime-li o oboustranném sluchovém vstupu, je nutné odlisit pojem binaurdlni od pojmu

bilateralni.

Binauralni slySeni je charakteristikou normalniho sluchu a znamend integraci
oboustranného vstupu a jeho centrdlni zpracovani za ucelem optimadlniho rozuméni, jak bylo

popsano vyse.

Bilaterdlni slySeni neni schopné integrovat zvukovou informaci a predstavuje pouhou

prezentaci zvuku a feci do obou usi bez dalSiho zpracovani.

24



Je pravdou, Ze déti po oboustranné kochledrni implantaci jsou lepsi v testech zvukové

prostorové orientace nez déti s implantaci jednostrannou. Pro¢ ale nejsou tak dobfi, jako jejich

normalné slysici vrstevnici (Ehlers et al., 2017)?

PFiciny, pro¢ tomu tak je, jsou patrné velmi rozmanité (Gordon, Deighton, Abbasalipour, &

Papsin, 2014; Kan & Litovsky, 2015; Kan, Stoelb, Litovsky, & Goupell, 2013; R. Y. Litovsky & Gordon,

2016). Soucasné kochledrni implantaty nejsou schopny vérné binaurdlni prezentace zvukovych

stimul( (Baumgartel, Hu, Kollmeier, & Dietz, 2017; R. Litovsky, 2015; van Hoesel, 2004; Wilson &

Dorman, 2008). PFicin, pro¢ tomu tak je, je patrné vice:

1. Nedostatecna synchronizace obou zvukovych procesorli ma za nasledek
nedokonalou prezentaci binaurélnich voditek koordinovanym a konzistentnim zplsobem
do obou elektrodovych svazkd v hlemyzdi.

2. Za Ucelem rychlého zpracovani signall neberou zvukové procesory v Uvahu
jemnou casovou strukturu, kterd je vyznamnym prvkem pro zpracovani ITD u frekvenci
nizsich nez 1400 Hz (Brughera et al., 2013).

3. Sitenim elektrického vzruchu v hlemyzdi se minimalizuje specificita
stimulace v dané diskrétni lokalité, coZ vede ke zkreslovani voditek ITD pfi vicelektrodové
stimulaci (Kan & Litovsky, 2015; Nelson, Donaldson, & Kreft, 2008). Specificitu stimulace, a
tim pfinos implantace, Ize zvysit pouZitim perimodiolarnich elektrod (Gibson & Boyd, 2016;
Holden et al., 2013).

4, Algoritmy pouzivané v soucasnych zvukovych procesorech pouzivaji
vysokofrekvencni amplitudové modulovanou stimulaci, jejiz stimulacni kmito¢et mnohdy
presahuje 900 pulst za sekundu (pps) (Loizou, 2006). Tato vysokofrekvencni stimulace sice
zlepSuje rozumeéni feci, ale neni idealni pro citlivost vici ITD, ktera se uplatiuje naopak
v nizsich frekvencich (Loizou, 2006; van Hoesel, Jones, & Litovsky, 2009). Rozuméni reci je
u implantovanych v nizSich kmitoctech horsi, takZe volba stimulaéniho kmitoctu
predstavuje kompromis mezi binauralni senzitivitou a fecovou diskriminaci (Churchill, Kan,
Goupell, & Litovsky, 2014).

5. Alokace frekvenci podél elektrodového svazku nebere v Gvahu aktualni
anatomické misto stimulace. To hraje roli, pokud je kazdy svazek zaveden v rlizné hloubce
do hlemyZdé. Elektrodové svazky jsou v obou kochledch mezi sebou frekvenéné sparovany
bez ohledu na jejich skute¢nou anatomickou polohu. To ma za nasledek frekvencni
desynchronizaci vstupl s narusenim binauralni informace a sniZzenim binauralni senzitivity

(Kan & Litovsky, 2015; Kan et al., 2013).
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6. Sluchova deprivace ma za ndsledek ztratu neuralni funkce, jak na periférii,
tak v centru, coZ degraduje schopnosti pouZzivat binauralni vstupy (Shepherd & McCreery,
2006). Tézka porucha sluchu v c¢asnych stadiich Zivota vede ke ztraté tonotopické

organizace primarni sluchové klry (Kral et al., 2009).

Navzdory uréitym omezenim se oboustranna kochledrni implantace u malych déti
s vrozenou hluchotou jevi jako nejlepsi feseni z hlediska orientace ve zvukovém prostoru, rozuméni
feci, osvojeni si jazyka a uceni. Indikaci primarni volby u déti s vrozenou hluchotou je bud
synchronni (simultanni) bilateralni implantace anebo metachronni (sekvencni) bilateralni
implantace s kratkou dobou mezi operacemi (kratsi nez 1,5 roku). Na zakladé soucasnych poznatkd
o oboustranné elektrické stimulaci u vrozené hluchoty vzniklo v roce 2012 v pribéhu Evropského
implantacniho féra o oboustranné pediatrické kochlearni implantaci souhlasné prohlaseni, které se
jevi jako doporucujici smérnice v indikacich kochledrni implantace u malych déti s vrozenou

hluchotou (Ramsden et al., 2012):

,V souCasné dobé je ziejmé, Ze dité, které se jevi jako jednoznacny kandiddt kochledrni
implantace, by mélo byt indikovdno k oboustranné simultdanni kochledrni implantaci co nejdrive po
stanoveni definitivni diagndzy hluchoty za ucelem optimdlniho rozvoje sluchu; je doporuceno pouziti
atraumatické chirurgické techniky, kterd zvysuje pravdépodobnost zachovdni kochledrni funkce,

minimalizuje poskozeni vnitfniho ucha a zachovdva moznost pripadné budouci reimplantace. “
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Kapitola Il

Kochledrni implantace u déti s vrozenou vyvojovou vadou
vnitfniho ucha

Vlastni pozorovdni

.1 Uvod

U déti s poruchou sluchu se vyskytuji radiologické abnormality spankové kosti az v 20 %.
Bilateralni vyskyt je popisovan v 65 %, v téchto pfipadech jsou ndlezy oboustranné identické v 93 %
(Jackler, Luxford, & House, 1987). Nitrousni malformace byly dfive povaZovany za jednoznac¢nou
kontraindikaci kochlearni implantace. Prvni pfipad implantace ditéte s Mondiniho malformaci
kochley s dobrym vysledkem nasledné rehabilitace byl popsan v roce 1983 (Mangabeira-Albernaz,
1983). Vsoucasné moderni éfe kochlearnich implantaci je povaZovana implantace ditéte
s vrozenou malformaci vnitfniho ucha za rutinni proceduru. Konecny vysledek vSak muze byt

ovlivnén fadou faktord (Sennaroglu, 2010).
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lIl. 2 Klasifikace nitrousnich malformaci

V roce 1987 navrhl Jackler se spolupracovniky klasifikaci malformaci vnitfniho ucha, ktera
vychdzela z embryologickych poznatkd; nitrousni malformace vznikad jako disledek zablokovani
pfirozeného embryonalniho vyvoje vnitfniho ucha (Jackler et al., 1987). S pfichodem modernich
zobrazovacich metod, jako je HRCT a MR, které poskytuji dokonaly obraz otické kapsuly, publikoval
Sennaroglu a Saatci revidovanou klasifikaci nitrousnich malformaci, kterou aktualizoval opét
Sennaroglu v roce 2006 (Sennaroglu & Saatci, 2002; Sennaroglu, Sarac, & Ergin, 2006), tabulka
1. 2-1, obrazek Ill. 2-2.

Tabulka Ill. 2-1 - Klasifikace nitrousnich malformaci (Sennaroglu & Saatci, 2002; Sennaroglu et al., 2006)

Typ malformace Popis malformace
Aplasie labyrintu Kochlea, vestibulum ani vestibularni akvadukt nejsou viibec vyvinuty
Aplasie kochley Kochlea neni vyvinuta
,Common cavity”, Kochlea a vestibulum jsou spojeny v jedinou dutinu cystického tvaru

spole¢na dutina

»lncomplete Kochlea ma normalnimi rozmeéry; klasifikovana jako typ I, Il a llI
partititon”, nedplné

rozdéleni

Hypoplasie kochley Kochlea ma mensi rozméry; klasifikovana jako typ I, Il a lll
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COCHLEAR HYPOPLASIA 9

ﬂ INCOMPLETE PARTITION TYPE | a

INCOMPLETE PARTITION TYPE I

COMMON CAVITY
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NORMAL COCHLEA AND VESTIBULE

MICHEL DEFORMITY

Obrazek lll. 2-2 - Schématické vyobrazeni rozlicnych stadii poruch v embryondInim vyvoji vnitfniho ucha

Pismeny a a b jsou oznaceny rfezy durovni vnitfniho zvukovodu, respektive okrouhlého okénka.
Prejato z (Sennaroglu & Saatci, 2002).

Pokud je vnitfni ucho normalné vyvinuto, mohou negativné ovlivnit vysledek kochlearni

implantace nékteré dalsi pfidruzené abnormality spankové kosti.

lll. 3 Radiologické zobrazeni

Identifikace a presna klasifikace kochlearnich malformaci vyZaduje kvalitni radiologické
zobrazeni. V téchto pfipadech je indikovano jak HRCT, tak MR s T2 vaZenymi obrazy. Vysetfeni MR
je uzite¢né v zobrazeni nitrousni tekutiny ve vnitfnim uchu a k zjisténi stavu anatomie nervt (Parry,

Booth, & Roland, 2005) a stavu mozku. HRCT poskytuje detailni obraz kosténého labyrintu, véetné

33



zvétSeného vestibularniho akveduktu (EVA) a Sife vnitfniho zvukovodu (Trimble, Blaser, James, &

Papsin, 2007).

lll. 4 Chirurgicky pristup pfi kochlearni implantaci u nitrousnich

malformaci

Chirurgické feseni kochlearnich implantace u nitrousnich vyvojovych vad zdvisi na povaze a
stupni malformace, na jejim vztahu k licnimu nervu a na stupni pneumatizace spankové kosti.
V zdsadé plati, Ze v misté vnitiniho ucha musi byt vytvorena dutina, do niz se zavadi elektrodovy
svazek. V naprosté vétsiné pripadd lze uUspésného zavedeni svazku dosahnout klasickym
transmastoidedlnim pfistupem posteriorni tympanotomii, nicméné v pripadech tézkych
malformaci nebo atypii v priibéhu licniho nervu nebo anatomie spankové kosti mize byt nezbytné

chirurgicky pfistup modifikovat (Coelho & Roland, 2012; Sennaroglu, 2010).

lll. 5 Vybér a poloha elektrody

V idedlnim pfipadé je elektrodovy svazek umistén v blizkosti neuroepitelu tak, aby cesta
vyzarovaného stimulac¢niho proudu byla co nejkratsi. U vétSiny kochlearnich malformaci chybi
modiolus obsahujici ganglion spirale cochleae. Navic mlze byt pocet neuronll znacné snizen ve
srovnani se zdravym hlemyzdém (Otte, Schunknecht, & Kerr, 1978). U malformaci typu ,,common
cavity” a ,,incomplete partition” pokryva neuroepitel sténu cystické dutiny a modiolus chybi, proto
je ucelné pouzit primy elektrodovy svazek scirkularnimi elektrodami namisto svazku
preformovaného perimodiolarniho (Coelho & Roland, 2012; Heman-Ackah, Roland, Haynes, &
Waltzman, 2012; Sennaroglu, 2010). Pfi zavadéni primé elektrody je v téchto pfipadech nutné
pouzit takovou techniku inzerce, kterd zamezi dislokaci apikalni ¢asti svazku do vnitfniho
zvukovodu. U malformace ,,incomplete partition” typu Il je bazalni ¢ast kochley a modiolu vyvinuta

normalné s normdalnimi burfikami ganglion spirale cochleae, zatimco ¢dst apikdlni je cysticka
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s deficitem apikalniho modiolu. Proto je mozZné zde pouzit preformovanou nebo pfimou elektrodu

a zavést ji do hloubky 1,5 zavitu bazalni ¢asti hlemyzdé (Sennaroglu, 2010).

v

lll. 6 Chirurgicka uskali implantace malformovaného hlemyzdé

1. 6.1 DISLOKACE ELEKTRODOVEHO SVAZKU DO VNITRNIHO ZVUKOVODU

Lamina cribrosa predstavuje lateralni ohraniceni vnitiniho zvukovodu na jeho fundu a je
prepazkou mezi vnitfnim zvukovodem a dutinou vnitfniho ucha. Nitrousni malformace spojené
s defekty v lamina cribrosa predstavuji riziko zavedeni apikdlniho konce elektrodového svazku
do vnitfniho zvukovodu. To je spojeno s moznosti perzistujici pooperacni likvorhey, malého
sluchového pfinosu implantace a parazitni stimulace licniho a vestibularniho nervu (Coelho &
Roland, 2012). V téchto pfipadech se elektroda zavadi tak, aby nedoslo k zasunuti jejiho hrotu do
vnitfniho zvukovodu. Je vhodné polohu svazku zkontrolovat intraoperaéné pomoci fluoroskopie
nebo specidlni vypocetni tomografii (cone-beam CT, CBCT) (Casselman et al., 2013; Fishman,

Roland, Alexiades, Mierzwinski, & Cohen, 2003).

I".6.2 GUSHER

U nitrousnich malformaci jsou kosténé defekty v modiolu a lamina cribrosa predispozici
k vétsimu uniku mozkomisniho moku pfi operaci v disledku pfimého spojeni subarachnoidealniho
prostoru s vnitfnim uchem. Tento stav, ktera nastane pfi otevieni vnitfniho ucha, se nazyva gusher®.
Na zakladé peclivého zhodnoceni HRCT obrazl pfed operaci je nutné s timto rizikem vzdy pocitat,

|ll

predevsim u malformaci ,,common cavity“ a ,,incomplete partititon 111“. V. mnoha pfipadech vsak

zobrazovaci techniky nevykazuji Zddnou nebo jen minimalni vypovédni hodnotu v predikci gusheru.

! Gusher, angl. - gejzir (https://cs.bab.la/slovnik/anglicky-cesky/gusher)
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U&inné zvladnuti této komplikace spociva v bezpe¢ném utésnéni elektrodového svazku
v misté kochleostomie nebo okrouhlého okénka pomoci svalovych nebo fascidlnich $tépl opatrné
zavedenych do bazalniho zavitu. Jak byva standardem u vSech implantovanych déti, je nutné —

vzhledem k vy$simu riziku meningitis - dbat na predoperacni vakcinaci vici pneumokokové infekci.

I.6.3 ATYPICKY PRUBEH LICNIHO NERVU

Atypicky pribéh licniho nervu spankovou kosti se vyskytuje v 15 % kochleovestibularnich
malformaci (Papsin, 2005). Licni nerv je v téchto pfipadech uloZen vice ventralné a probiha od svého
prvniho ohbi kaudalné pres promontorium k okrouhlému okénku. MlzZe tak branit provedeni
kochleostomie (Coelho & Roland, 2012). Peroperacni monitorovani funkce licniho nervu je
standardem u kazdé kochlearni implantace, predevsim vSak u nitrousnich malformaci, pfi nichz lze
ocekavat atypicky pribéh nervu. U méné vyjadrenych atypii licniho nervu nebyva nutné chirurgicky
postup modifikovat. Pokud pribéh nervu zabranuje pfistupu do vnitfniho ucha, at uZz cestou
okrouhlého okénka nebo kochleostomii, je nutné chirurgii situaci podstatnym zplsobem
pfizplsobit, napt. parcidlni resekci pyramidy s naslednym uzavienim zevniho zvukovodu a obliteraci

tukem.

I.6.4 SLUCHOVY NERV

Porucha sluchového nervu, cochlear nerve deficiency (CND) je definovana jako hypoplasie
nebo aplasie vestibulokochlearniho nervu (Adunka, Jewells, & Buchman, 2007). Je logické, Ze déti
s touto poruchou maji jednoznacné horsi pfinos kochledrni implantace nez déti s normalnim
utvarenim sluchového nervu, nicméné vysledky jsou znacné variabilni. Zatimco nékteré
implantované déti s deficitem sluchového nervu nemaji Zadné zvukové viemy ani po dlouhodobém
pouzivani neuroprotézy, jiné jsou schopny rozumét slovim z uzavieného souboru (Buchman et al.,

2011). Sluchovy zisk kochledrni implantace u déti s CND Ize optimalné predikovat na zakladé
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peclivého zhodnoceni predoperacniho MR vysetfeni a peroperacné provedeného testu elektricky
evokovanych kmenovych potencialt (eABR) (Cinar et al., 2017; Yamazaki, Leigh, Briggs, & Naito,
2015). Neslysici déti s CND, jejichz vestibulokochlearni nerv je v MR zobrazeni slabsi nez nerv licni
v oblasti mostomozeckového dhlu a vina V chybi pfi intraoperaénim vysetfeni eABR, budou mit
velmi maly pfinos implantace. Naproti tomu déti, jejichZ vestibulokochledrni nerv ma stejny kalibr
jako nerv licni v mostomozeckovém uhlu v MR zobrazeni a vina V je pfitomna, budou do dvou let

po operaci patfit mezi dobré uzivatele.

lll. 7 Pfinos kochlearni implantace u déti s vyvojovou vrozenou nitrousni

vadou

Pfinos kochlearni implantace u déti s vrozenou vyvojovou vadou vnitfniho ucha mulze byt
mnohdy srovnatelny s pfinosem u vrstevnikl s fyziologicky vyvinutym vnitfnim uchem (Eisenman,
Ashbaugh, Zwolan, Arts, & Telian, 2001; Papsin, 2005; Van Wermeskerken, Dunnebier, Van Olphen,
Van Zanten, & Albers, 2007).

Déti s mensim stupném postiZzeni vnitfniho ucha (Mondiniho malformace, EVA, ¢astecna
aplasie semicirkuldrnich kanalk() dosahuji dle ocekavani lepsich vysledkl v rozuméni z otevieného
souboru nez déti s tézkymi nitrousnimi malformacemi (kochledrni hypoplasie a ,,common cavity”).
Déti z této druhé skupiny navic vykazuji vyssi vyskyt komorbidit (57%), jako je CHARGE syndrom
nebo psychomotorickd retardace, a tyto faktory maji vliv na vysledny nizsi pfinos implantace. Proto
je nezbytné pfi predikci pfinosu vidy vzit v Uvahu pritomnost pripadnych dalSich komorbidit

(Buchman et al., 2004).

Vyskyt gusheru mlze mit vliv na hloubku inserce elektrodového svazku. Byla nalezena
signifikantni pozitivni korelace mezi vyskytem gusheru a hloubkou zavedeni elektrodového svazku;
mezi vyskytem gusheru a poctem aktivnich elektrod vyuZitelnych ke stimulaci (Dettman et al.,
2011). Skdre fecové percepce (slova a fonémy z otevieného souboru) byla u déti s gusherem nizsi
nez u déti bez gusheru. Déti s gusherem vykazovaly horsi vysledky ve vétném porozuméni a
v osvojeni slovni zasoby neZ déti bez néj. TrebaZe lze u déti s vrozenou vyvojovou vadou vnitfniho

ucha, vzhledem k absenci modiolu, abnormalni prichodnosti kochlearniho akveduktu a defektu
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v kosténém fundu vnitfniho zvukovodu, vyskyt gusheru ocekdvat, nelze na takové riziko soudit

podle predoperacniho zobrazovani MR ani HRCT (Buchman et al., 2011; Dettman et al., 2011).

Nazor vhodnosti oboustranné kochlearni implantace i u déti s vrozenymi anomdliemi
vnitfniho ucha je vSeobecné podporovan (Chadha, James, Gordon, Blaser, & Papsin, 2009). Vétsina
z téchto oboustranné implantovanych déti je schopna dosahnout stejnych vysledkd jakych dosahuji
jejich vrstevnici s fyziologickym utvarenim vnitfniho ucha za podminky Uplné inzerce elektrodového

svazku (i v pripadé gusheru) a aktivace vsech elektrod v obou usich.

Kochlearni implantace u déti s vrozenou vyvojovou vadou vnitfniho ucha je dnes béznou
rutinou. Kombinace obou predoperacnich zobrazovacich metod, HRCT a MR, je nezbytna za Ucelem
zhodnoceni typu a stupné malformace, volby vhodného typu elektrody a naplanovani chirurgického
pfistupu. Percepce feci po kochlearni implantaci u déti s vrozenymi vyvojovymi vadami vnitiniho
ucha mnohdy dosahuje Urovné rozvoje u déti s fyziologickou kochleou, ale pfinos mlze byt do
znaéném miry modifikovan pridruzenymi handicapy, stupném postizeni vnitfniho ucha a hloubkou

zavedeni elektrodového svazku (Wasson & Briggs, 2016).
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lll. 8 Vlastni pozorovani

1. 8.1 Uvobp

V obdobi od ¢ervna 2014 do prosince 2017 bylo na Klinice usni, nosni a kréni 2. LF UK

Fakultni nemocnice v Motole v Praze implantovano celkem 122 déti.

Z uvedeného vsech implantovanych déti byla bilateralni synchronni (simultanni) implantace
provedena u 56 pacientll, druhostrannd metachronni (sukcesivni) implantace u pacientl, ktefi
dostali prvni implantat vtomto sledovaném obdobi, byla provedena v 7 pfipadech, bilaterdini
metachronni implantace u pacientQ, ktefi dostali prvni implantat pred sledovanym obdobim
(tj. pred cervnem 2014) v 19 pripadech a pouze jednostranna implantace byla provedena

u 40 pacient(.

Z celkového uvedeného poctu implantovanych déti byla vrozend nitrousni vada zjisténa na

zadkladé MR a CT vysetreni v 5 pfipadech (4 %).

Cilem studie bylo dokdzat, Ze déti s nitrousni vyvojovou vadou jsou indikovany ke kochlearni

implantaci stejné tak, jako jejich vrstevnici s fyziologickym utvafenim vnitfniho ucha.

V nasledujicim textu jsou popsany tyto malformace vnitfniho ucha a je vjednotlivych

pfipadech popsana kochlearni implantace a jeji vysledky.

1. 8. 2 METODIKA A VYSLEDKY

1. Pacient P. O.

Chlapec, porod ve 40. tydnu, indukovdn, nepostupujici, proto ukonéen akutni sekci,
nekfiSen, porodni hmotnost 3400 g, porodni délka 49 cm, AS 10-10-10, poporodni adaptace dobr3,
nestonal, bez neurologické zatéze. Porucha sluchu prokazana okolo 3. mésice véku, podezieni

vysloveno hned po porodu vzhledem k negativnimu vysledku OAE, mutace pro Connexin
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neprokazana. Vysetreni SSEP 0,5-4 kHz vlevo i vlevo bylo bez odpovédi, vySetieni BERA bylo bez
odpovédi, vysetfeni TEOAE bylo téZ oboustranné nevybavné. Dité bylo zafazeno do implantacniho

programu. Podle vysetfeni HRCT a MR prokdzdna oboustranné vrozena vyvojova vada vnitifniho

ucha typu spolecna dutina, ,common cavity”, obrazky Ill. 8. 2-1, IlI. 8. 2-2

Obrazek lll. 8. 2-1 - Pacient P. O., vysetreni HRCT pyramid, axidlni Fez vnitrnim uchem
Vnitfni ucho neni oboustranné typicky vytvoreno, bilaterdlné chybi kochlea, vestibulum a vsechny
semicirkuldrni kandlky vpravo, vytvoren pouze horni semicirkuldrni kandlek oboustranné. Struktury vnitrniho
ucha jsou oboustranné nahrazeny spolecnou dutinou, kterd je vlevo vétsi, komunikuji s vnitfnimi zvukovody,
které jsou asymetrické, vlevo je Sirsi, Siroce z nich odstupuje kandlek licniho nervu (MUDr. VéZnikovd Veronika,
MUDr. Dvordkovd Marcela, Klinika zobrazovacich metod 2. LF UK, FN Motol, Praha).

Obrazek lll. 8. 2-2 - Pacient P. O., vysetieni MR mozku a pyramid
Vysetreni provedeno v zdkladnich rovindch v TSE T1w, T2w a DWI a DRIVE nativné. Stfedové struktury mozku
jsou bez dislokace, komorovy systém dilatace. Subarachnoiddlni prostory nejsou rozsifeny. Mozkové struktury
jsou obvyklé anatomické konfigurace a signdlu, loZiskové ¢i signdlové zmény v mozku supra- ani
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infratentoridlné neprokazuji. Hypofyza neni zvétSena, clenéni na laloky normdlni, Hippokampy jsou
symetrické, obvyklé konfigurace a signdlu, bez loZiskovych zmén. Oboustranné struktury vnitiniho ucha
nahrazeny jednou spolecnou dutinou, vlevo je dutina vétsi, dutiny vyplnény tekutinou, pravdépodobné
komunikuji s vnitfnimi zvukovody, které jsou mirné rozsiteny, vice vlevo. VII. hlavovy nerv nerozsifen,
obvyklého pribéhu. Spolecnd vétev VIII. hlavového nervu vlevo obvyklé Sife, vpravo se zdad byt uzsi, v periferni
Cdsti oboustranné v oblasti vstupu do spolecné dutiny neni patrné typické vétveni na vestibuldrni a kochledrni
cdst, kochledrni vétev tedy mizZe zcela chybét nebo je vyrazné hypoplastickd. Zdvér: vrozend malformace
vnitfniho ucha oboustranné - common cavity malformation. Spolecnd vétev VIil. hlavového nervu vlevo
obvyklé Sife, vpravo se zdd byt celkové uzsi, v periferni ¢dsti oboustranné v oblasti vstupu do spolecné dutiny
neni patrné typické vétveni na vestibuldrni a kochledrni ¢dst, kochledrni vétev oboustranné tedy maZe zcela
chybét nebo je vyrazné hypoplastickd — v ramci rozliSeni MR se blize nelze vyjadrit. MR mozku bez
patologickych zmén (MUDr. Vitouskovad Hana, Klinika zobrazovacich metod 2. LF UK, FN Motol, Praha).

Pacient byl implantovan vpravo ve véku 13 meésicl. Byl pouZit kochledrni implantat
spolecnosti Cochlear typu Nucleus CI24RE(ST)™ s rovnym elektrodovym svazkem s cirkularnimi
elektrodami. Svazek byl zaveden Sirokou, tzv. bananovou kochleostomii tak, Ze zprvu byla zasunuta
do dutiny stfedova ¢ast svazku a poté vioZen do nitra hrot (obrazek lIl. 8. 2—-3). Cilem techniky bylo
zavést svazek tak, aby kopiroval vnitfni sténu malformace, kde se dle predpokladu nalézal

rozptyleny neurosenzoricky epitel.

Obrazek lll. 8. 2-3 - Pacient P. O., operacni fotografie ukazuji postup pfi zavddéni elektrodového svazku
Ve sténé ,common cavity” nejprve vytvorena tzv. bandnovd kochleostomie a svazek poté zavadeén zprvu
stfedovymi partiemi. Nakonec zasunuta apikdlni ¢dst svazku. V pribéhu operace nebyl zaznamendn tnik
mozkomisniho moku z kochlestomie (gusher), po zavedeni byla bandnovad kochleostomie plombovdna svalem.

s

V prlibéhu peroperacniho méreni byly prokdzany nizké impedance, méreni akcnich
potenciall sluchového nervu NRT bylo negativni na vSech elektrodach. Celd operace probéhla bez

komplikaci. Po aktivaci zvukového procesoru 6 tydn( po operaci byl vyvolan zvukovy vjem, na ktery
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pacient dobfe reagoval. Vzhledem k pfiznivému efektu kochlearni implantace v pribéhu nasledné
rehabilitace byla po 10 mésicich provedena operace i na strané druhé, levé, identickou technikou a
stejnym typem elektrody. Zakrok probéhl i zde bez komplikaci a peroperacni méreni NRT na této

strané bylo pozitivni na vétsiné elektrod.

Polohu obou elektrod ukazuje nativni RTG snimek lebky v anterioposteriorni projekci,

obrazek I11. 8. 2-4.

Obrazek Ill. 8. 2-4 — Pacient P. O., RTG lebky v predozadni projekci
Jsou dobre patrné oba elektrodové svazky dobre kopirujici vnitini sténu dutiny ,,common cavity”. Popis vlastni
(Klinika zobrazovacich metod 2. LF UK, FN Motol, Praha).

Implantacni charakteristika pacienta je uvedena v tabulce Ill. 8-1.

Tabulka lll. 8. 2-5 — Pacient P. O., implantacni charakteristika

Doba uzivani implantatu: vpravo 3 roky, vlevo 2 roky a 2 mésice
Typ implantatu: oboustranné Nucleus CI24RE(ST)™
Stimulacni rezim: oboustranné monopolarni
Referencni elektroda: oboustranné na téle implantatu

Sitka stimulaéniho pulsu: oboustranné 300 ps

Opakovaci kmitocet stimulace: oboustranné 250 Hz

Stimulaéni strategie: oboustranné MP3000

Pocet maxim: oboustranné 6

V soucasné dobé, 3, resp. 2 roky od operace rozumi pacient ¢asto pouzivanym
jednoduchym vétam, spolecné se znaky uZiva i dlouhé véty. NepouZiva predlozky ani zvratna

zajmena, pocitd do tfi. Jeho rec je pro okoli Spatné srozumitelnd, pouziva asi 400 znakd.

Jde o oboustranné implantované dité s dobre postupujici rehabilitaci, které je prakticky

srovnatelné s implantovanymi vrstevniky s fyziologickym utvarenim vnitfniho ucha. Ziskova kfivka
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pacienta je uvedena v grafu lll. 8. 2-6.
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Graf lll. 8. 2-6. Ziskovad krivka s oboustrannym kochledrnim implantdtem pacienta P. O.
NiZsi hodnoty v hloubkdch a vyskdch spise vyplyvaji z uzkého dynamického rozsahu a strméjsiho ndristu
hlasitosti.

2. Pacientka P. S.

Divka, dité z prvniho téhotenstvi, které bylo rizikové pro hypertenzi, porod probéhl bez
komplikaci v terminu, porodni hmotnost 2600 kg, porodni délka 50 cm, novorozenecky ikterus byl
pfitomen. Byla operovana pro vrozenou srdec¢ni vadu, nasledkem prolongované intubace se
vyvinula subglotickd stendza, ktera byla feSena tracheostomii a dilatacemi, ve 4 letech byla
dekanylovadna. U ditéte je pfitomna nesyndromologicka stigmatizace — asymetrie obliceje,
mikroftalmus a mikrokornea pravého oka, koloboma a amblyopie vpravo. Prokazana tézka porucha
sluchu, BERA vysetfeni bylo bez odpovédi. Podle HRCT prokdzana vrozena vada vnitfniho ucha

oboustrannég, obrazek Ill. 8. 2-7.
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Obrazek Ill. 8. 2-7 — Pacientka P. S., vySetfeni HRCT pyramid

V obrdzku vlevo ucho pravé, v obrdzku vpravo ucho levé. Vnitini ucho je oboustranné malformované, vice
vpravo. Malformace postihuje hlemyzd, vestibulum a labyrint. HlemyZd' je dysplasticky, vytvoren v mensim
rozsahu. Bazdlini otdcka je pfitomna, vlevo diferencovatelnd fenestra rotundum, vpravo je velmi uzkad.
Vestibulum je drobné, bez diferencovatelného foramen ovale. Semicirkuldrni kandlky vytvoreny pouze
v podobé drobného rudimentu odstupu zadniho polokruhového kandlku. Vnitini zvukovody jsou lehce
asymetrické, nejspise pri odlisné konfiguraci pyramidy, ale jsou obvyklé konfigurace. Nediferencovatelny vstup
n. cochlearis do hlemyZdé oboustranné. Kandlek licniho nervu je velmi jemny oboustranné (MUDr. Dvordkovd
Marcela, Klinika zobrazovacich metod 2. LF UK, FN Motol, Praha)

Pacientka byla implantovana vlevo ve véku 5 let 9 mésicd. Kochlea byla oteviena konvenéni
kochleostomii, nebyl pozorovan vétsi unik perilymfy. Byl pouzit kochledrni implantat spolec¢nosti
Cochlear typu Nucleus CI512™, elektrodovy svazek se styletem byl zaveden technikou advance-off-
stylet (AOS), tedy zplUsobem doporucovanym u standardniho utvareni vnitfniho ucha. Operace

probéhla bez komplikaci, vySetfeni NRT bylo pozitivni pouze na nékterych elektrodach.

Polohu elektrody v hlemyzdi ukazuje pooperacni nativni RTG snimek, obrazek Ill. 8. 2-8.
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Obrazek Ill. 8. 2-8 — Pacientka P. S., RTG lebky v predozadni projekci
Svazek je zaveden v hlemyzdi, apikdlni konec je pravdépodobné stocen zpét v délce asi 3 elektrod, tzv.
tip-foldover. Popis viastni (Klinika zobrazovacich metod 2. LF UK, FN Motol, Praha).

Implantacéni charakteristika pacientky je uvedena v tabulce Ill. 8. 2-9.

Tabulka lll. 8. 2-9. Pacientka P. S., implantacni charakteristika

Doba uzivani implantatu: 2 roky a 7 mésicl
Implantovana strana: leva

Typ implantatu: Nucleus CI512™
Stimulaéni reZzim: monopolarni
Referencni elektroda: na téle implantatu
Sitka stimulaéniho pulsu: 300 ps

Opakovaci kmitocet stimulace: 250 Hz

Stimulaéni strategie: MP3000

Pocet maxim: 6

Pacientka se zhojila bez komplikaci, po zapojeni zvukového procesoru a rehabilitaci
v soucasné dobé slysi a rozezndva okolni zvuky. Za pomoci odezirdni rozumi nékterym zakladnim
frazim, sama pouziva jednotliva slova, kterd jsou pro okoli hlife srozumitelnd. Pro komunikaci
preferuje znakovy jazyk. Maximalni stimulacni Uroven je limitovana nezddouci stimulaci licniho

nervu (chvéni spodniho o¢niho vicka spojené s nepfijemnym viemem). NRT je neméfitelné.
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Ziskova krivka je zobrazena v grafu lll. 8. 2-10.
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Graf lll. 8. 2-10 - Ziskovd kfivka s kochledrnim implantdtem pacientky P. S.

3. Pacientka C. B.

Divka, z fyziologické gravidity, porod v 37. tydnu, spontdnni, zahlavim, porodni hmotnost
2580 g, porodni délka 43 cm, nekfiSena, poporodni adaptace v normé. Prokdzany mnohocetné
vrozené vyvojové vady — atresie choan, defekt komorového septa, solitdrni leva ledvina, ventralni
anus, rozstép rtu vpravo bez rozStépu patra. Uzavieno jako suspektni CHARGE syndrom, tfebaze
negativni o¢ni vysetfeni tuto domnénku nepodporovalo. Vrozena hluchota byla diagnostikovana

vySetfenim SSEP a BERA (oboustranné bez odpovédi), TEOAE byly téZ oboustranné nevybavné.

Podle vysetfeni HRCT sSlo o vrozenou vyvojovou vadu vnitfniho ucha ve smyslu ,,incomplete

partition 1, obrazek IIl. 8. 2-11. VySetfeni MR je na obrazku Ill. 8. 2—-12.
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Obrazek. 1lI. 8. 2-11 - Pacientka C. B., vySetfeni HRCT pyramid, axidIni fez vnitinim uchem
Vyrazné cystické rozsifeni obou vestibul vcetné kochley, kterd je malformovand, bez diferenciace zaviti.
Semicirkuldrni kandlky jsou anomdlné konfigurovdny, zejména horizontdlni jsou dilatovdny a celkove
zmenseny. Stredousi je bilaterdiné vzdusné, s diferencovatelnym retézcem sluchovych kustek (MUDr. Miksik
Lukds, Klinika zobrazovacich metod 2. LF UK, FN Motol, Praha). S vysokou pravdépodobnosti se jednd o
~incomplete partition 1“, dodatecny popis viastni.

Obrazek IIl. 8. 2-12 - Pacientka C. B., vysetfeni MR mozku a pyramid, axidini fez vnitinim uchem
Provedeno nativné v T2, flair, DWI, T2 DRIVE v axidlni roviné, v T1 sagitdlni roviné. Komorovy systém je obvyklé
sife, Ill. mozkovd komora je ve stfedni cdre, bez zndmek pretlaku stfedovych struktur, cavum septi pellucidi -
sife 13 mm. V oblasti periventrikuldrni se oboustranné okcipitdlné zobrazuji loZiskové zmény signadlu — zvyseny
signal v T2 a T1, jiné zmény supra ani infratentoridlné neprokazuji, rozsah myelinizace bilé hmoty normdlni.
Gyrifikace je symetrickd, zachovald, subarachnoiddlni prostory jsou pfimérené Sife. Oblast obou orbit, selly i
kraniovertebrdlniho prechodu s primérenym ndlezem. V oblasti obou pyramid se zobrazuji cystickd rozsireni
vestibul bilaterdiné, ddle je patrnd malformace kochley bilaterdiné, semicirkuldrni kandlky bilaterdiné jsou
drobné, s defiguraci tvaru, lem zmén je bilaterdiné skleroticky. Je patrnd sniZzend vzdusnost mastoidedlnich
sklipk(i oboustranné se zvyraznénou septaci. Oboustranné je vysoce uloZeny juguldrni bulbus (,high-riding
jugular bulb”) - naléhd na stredousni dutinu (v prfedchozim v CT obraze vsak neni patrnd jeho dehiscence).
VIII. hlavové nervy jsou oboustranné patrné. Meatus acusticus internus oboustranné sife 3 mm. Zavér: cysticka
kochleovestibuldrni malformace bilaterdlné, malformace semicirkuldrnich kandlk( bilaterdiné. Vysoké uloZeni
juguldrnich bulbi bilaterdiné - bez dehiscence. Cdste¢ny utlum mastoidedini pneumatizace bilaterdiné. Site
meatus acusticus internus bilaterdlné na dolni hranici (3 mm bilaterdiné). Intrakranidlné periventrikuldrné
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okcipitdlné bilaterdlné zmény charakteru nejspise periventrikuldrni malacie (MUDr. Mrdzkovd Lenka, Klinika
zobrazovacich metod 2. LF UK, FN Motol, Praha).

Pacientka byla implantovana ve véku 5 let 2 mésicu, k operaci zvolena strana prava, kde byl
Iépe identifikovatelny VIII. hlavovy nerv. Byla pouZita kochledrni neuroprotéza spolecnosti Cochlear
typu Nucleus CI522™, s elektrodovym svazkem primym a tenkym bez styletu. Svazek byl zaveden
cestou okrouhlého okénka, peroperacné byl pfitomen slaby gusher (oozer). Operace probéhla bez
komplikaci, peroperacni monitoring NRT byl pozitivni na vétsiné elektrod. Pooperacni prabéh byl
komplikovan slabou nazdlni likvorheou, ktera spontanné ustala po 18 dnech. Po tuto dobu byla

pacientka zajiSténa antibiotiky.

Implantacni charakteristika pacientky je uvedena v tabulce Ill. 8. 2-13.

Tabulka lIl. 8. 2-13 - Implantaéni charakteristika pacientky C. B.

Vék: 6 let a 11 mésicd
Doba uzivani: 1 rok a 7 mésicu
Implantovana strana: prava

Typ implantatu: Nucleus CI522™
Stimulaéni rezim: monopolarni
Referencni elektroda: na téle implantatu
Sitka stimula¢niho pulsu: 200 ps

Opakovaci kmitocet stimulace: 250 Hz

Stimulacni strategie: MP3000

Pocet maxim: 6

Rehabilitace byla zahdjena 6 tydn( po operaci. BEhem prvniho nastavovani se projevila
patrné vestibuldrni odezva na stimulaci, pacientka v reakci na elektrické drazdéni stacela hlavu na
stranu. Maximalni stimulacni Uroven je limitovana nezadouci stimulaci licniho nervu (nepfijemné
aZz bolestivé viemy). NRT je neméritelné. V soucasné dobé pouZiva asi 10 slov vcetné citoslovci,
reaguje na osloveni. Ke komunikaci potfebuje odezirat a pouzivat znakovy jazyk, mluvena rec se

prilis nerozviji. Jevi pomalejsi postup pfi rehabilitaci.
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Ziskova krivka pacientky je v grafu lll. 8. 2-14.
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Graf lll. 8. 2-14 - Ziskovd kfivka s kochledrnim implantdtem pacientky C. B.
4. Pacient B. T.

Chlapec, porod spontanni, zahlavim, porodni hmotnost 3600 g, porodni délka 51 cm,
poporodni adaptace v normé. Porucha sluchu byla diagnostikovana pozdé, az v 16 meésicich.
Zobrazovacimi metodami byla zjiSténa nitrousni vyvojovad vada, kterda byla dle dokumentace
popsdna jako spolecna dutina, ,common cavity”. Nicméné na predopera¢nich MR snimcich se

patrné jedna spiSe o incomplete partition Il (obrazek Ill. 8. 2—15).

49



Obrazek lll. 8. 2-15 — Pacient B. T., vysSetfeni MR mozku a pyramid, axidlni Fez vnitfnim uchem
Na pravém uchu (na obrdzku vlevo) je vidéet rudimentdrni kochlea a cystickd dutina dorsadlné od ni. Jsou dobre
patrné nervy vedouci vnitinim zvukovodem - nerv vestibuldrni i kochledrni. Popis vlastni (Klinika
zobrazovacich metod 2. LF UK, FN Motol, Praha).

Pacient byl operovan vpravo jinym operatérem ve véku 3 let a 1 mésice. Byla poufZit
kochledrni implantat spolecnosti Cochlear typu Nucleus CI24RE(ST)™, model s rovnou elektrodou
s cirkularnimi elektrodami. Elektrodovy svazek byl zaveden do cystické dutiny po jejim otevreni

jednoduchou kochleostomii. Peroperacni méreni NRT bylo na vSech elektrodach negativni.

Elektrody 16-22 byly dislokovany do vnitfniho zvukovodu (jak bylo zifejmé z pozdéji
provedené zobrazovaci metody, viz niZe). Pfes maly prinos k frekvencni diferenciaci vedlo jejich
vypnuti k negativni reakci ze strany pacienta. Na elektrodach 9-13 nebylo moiné dosahnout
sluchového vjemu, dfive se objevovala nezadouci stimulace licniho nervu (kromé zachvévl ocnich
vicek téZ slzeni). Pfi tomto zavedeni a nastaveni pacient velmi obtizné diferencoval Lingovy zvuky.

Dokazal rozlisit muzsky a Zensky hlas. NRT bylo neméfitelné.

Po dvou letech od operace byl stav pacienta znovu zhodnocen, nebot pokroky pfi
rehabilitaci nebyly velké. Podle nové HRCT studie byl apex elektrodového svazku chybné zaveden

do vnitfniho zvukovodu (obrazek Ill. 8. 2-16).
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Obrazek Ill. 8. 2-16 — Pacient B. T., vysSetfeni HRCT implantované strany
Hrot svazku citajici 5 elektrodovych zakonceni sméfuje pod pravym uhlem do vnitfniho zvukovodu. Popis
vlastni (Klinika zobrazovacich metod 2. LF UK, FN Motol, Praha).

Na zakladé této skutecnosti bylo rozhodnuto provést replantaci za ucelem korigovani
polohy svazku ve spole¢né dutiné. Reoperace se uskutecnila ve véku 4 let a 5 mésicl. Plivodné
pouzity implantat byl odstranén. Nedoslo k Uniku mozkomisniho moku. Technikou bananové
kochleostomie byl zaveden svazek nového implantatu stejného typu, Nucleus CI24RE(ST)™.
Operace probéhla bez komplikaci, peroperacni méreni NRT bylo negativni na vSech elektrodach.

Pooperacni pribéh byl komplikovan hematomem v rané, ktery byl punktovan a vypustén.
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Implantacni charakteristika pacienta je uvedena v tabulce Ill. 8. 2-17.

Tabulka lll. 8. 2-17 - Implantacni charakteristika pacienta B. T.

Doba uzivani implantatu: 11 mésicl
Implantovana strana: prava

Typ implantatu: CI24RE(ST)™
Stimulacni rezim: monopolarni
Referencni elektroda: v temporalnim svalu
Sitka stimulaéniho pulsu: 300 ps

Opakovaci kmitocet stimulace: 250 Hz

Stimulacni strategie: MP3000

Pocet maxim: 6

Po znovuzahijeni rehabilitace pacient identifikoval nékteré obecné zvuky, nyni komunikuje

predevsim pomoci znakového jazyka.

Elektrody 1-3 a 20-22 byly vypnuty zddvodu velmi malého dynamického rozsahu
s nezadouci stimulaci licniho nervu (spasmy ocnich vicek), a i na ostatnich elektrodach je maximalni
stimulacni Uroven limitovana nezadouci stimulaci licniho nervu (spasmy ocnich vicek). NRT bylo

neméritelné.

Ve srovnani s predchozim stavem je znatelné zlepSeni v diskriminaci Lingovych zvuka.
Pacient reaguje na zavoldni, nicméné vzhledem k vy$simu véku v dobé operace je rozvoj velmi

pomaly.
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Ziskova krivka je uvedena v grafu lll. 8. 2-18.
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Graf 8. 2-18- Ziskovd kfivka s kochledrnim implantdatem pacienta B. T.

V poslednich nékolika mésicich opét dochazi k ristu impedance ve stfedovych elektrodach.

Pomoci vysetieni HRCT byla zkontrolovéna poloha elektrodového svazku (obrazek IIl. 8. 2-19).
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Obrazek lll. 8. 2-19 — Pacient B. T., vySetreni HRCT pyramid, rekonstrukce polohy elektrodového svazku
ve spolecné dutiné vysetrenim HRCT
Svazek md sprdvnou polohu kopirujici sténu cystické malformace, bez opétovné dislokace do vnitiniho
zvukovodu. Kochledrni implantdt je zobrazen fialovou barvou. Popis viastni (Klinika zobrazovacich metod 2. LF
UK, FN Motol, Praha).

5. Pacientka T. N.

Divka, porod a poporodni adaptace byly v normé. Podle SSEP a TEOAE zjisténa vrozena
hluchota v 11 mésicich véku. Pfitomné mnohocetné postizeni nesyndromového charakteru —
facialni dysmorfie, sinus pilonidalis, aplasia cutis capiti congenita, centralni hypotonicky syndrom,
opozdény psychomotoricky vyvoj. Ve 4,5 mésici véku prodélala operaci srdce pro vrozenou srdec¢ni
vadu. V MR obraze popsana cystickd kochlearné-vestibularni malformace oboustranné (obrazek

IIl. 8. 2-20).
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Obrazek Ill. 8. 2—-20 - Pacientka T. N., vySetfeni MR mozku a pyramid, axidlni fez vnitfnim uchem
Ndlezu dominuje ageneze septum pellucidum s asymetricky rozsifenym komorovym systémem, v kombinaci
s dysgenezi corpus callosum, pritomnd je c¢dst splenium corporis callosi. Mozkové hemisféry nejsou v useku
cca 45 mm nad komorovym systém rozdéleny — abnormdini komunikace sedé a bilé hmoty pres stfedovou
Cdru. Hypofyza neni dobre diferencovatelnd, je hypoplastickd, stopka je pritomnd. Toky akveduktem jsou
zachovadny. Subarachnoiddlni prostory nejsou rozsiteny. Bez presunu stredocdrovych struktur. Signdlové
zmény periventrikuldrné parietdiné a okcipitdlné bilaterdlné, zmény jsou hyperintenzni v T2 a FLAIR, bez
zndmek restrikce difuze. Bez jinych loZiskovych zmén v mozkové tkdni. Zadni jdma bez loZiskovych zmén.
Bilaterdlné je patrno cystické vestibulo-kochledrni rozsifeni. Ve vnitinich zvukovodech diferencovatelny VII. i
VIIl. hlavovy nerv. Mostomozeckové kouty bilaterdiné bez loZiskovych zmén. Obsah orbit s primérenym
ndlezem. Zavér: stredni interhemisferickd varianta holoprosencefalie. Asymetrie i rozsifeni komorového
systému s agenezi septum pellucidum a noduldrni heterotopii Sedé hmoty na sténdch postrannich komor.
Dysgeneze corporus callosum. Cystickd kochledrné-vestibuldrni malformace bilaterdlné. Gliové zmény
periventrikuldrné parietdiné a okcipitdiné bilaterdiné (MUDr. Salagovicovd Zuzana, MUDr. Kynél Martin,
Klinika zobrazovacich metod 2. LF UK, FN Motol, Praha)
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V CT obraze ndlez ve vnitfnim uchu imponuje jako cystické rozsifeni nitrousnich prostor,

pfi blizSim pozorovani plsobi jako hypoplasticky nedovyvinuty hlemyzd (obrazek Ill. 8. 2-21).

Obrazek Ill. 8. 2-21 - Pacientka T. N., vysetreni HRCT pyramid
Zevni i vnitini zvukovod oboustranné bez obliterace. Vnitini zvukovod oboustranné rozsiren. Bilaterdlné patrné
rozsifeni kochley, vestibula (véetné horniho a laterdiniho semicirkuldrniho kandlku) a vestibuldrniho kandlku.
Oboustrannd ageneze zadniho semicirkuldrniho kandlku. Okrouhlé okénko bilaterdlné bez obliterace. Kandlky
n. facialis volné. BilaterdIné maly rozsah mastoidedini pneumatizace. Vpravo vyrazné sliznicni zmény stredousi
a mastoidedlnich sklipka. Vlevo stredousi i sklipky bez sliznicnich zmén. Zdver: cystickd kochledarné-vestibularni
malformace oboustranné (MUDr. Bejbl Jakub, Klinika zobrazovacich metod 2. LF UK, FN Motol, Praha).

Operace byla provedena vpravo ve véku 1 roku a 4 mésicl. Byla pouZita neuroprotéza
spolecnosti Cochlear Nucleus CI522™, model srovnym elektrodovym svazkem s radidlnim
umisténym elektrod. Svazek byl zaveden cestou okrouhlého okénka, po protnuti membrany byl
pozorovan slaby Unik nitrousni tekutiny (oozer). Intraoperacni monitoring NRT byl pozitivni pouze

na jedné elektrodé.

Implantacéni charakteristika pacientky je uvedena v tabulce Ill. 8. 2-22.

Tabulka lll. 8. 2-22 - Implantacni charakteristika pacientky T. N.

Doba uzivani implantatu: 3 mésice

Implantovana strana: prava

Typ implantatu: Nucleus CI522™

Stimulacni rezim: monopolarni

Referencni elektroda: na téle implantatu a v temporalnim svalu
Sitka stimula¢niho pulsu: 200 ps

Opakovaci kmitocet stimulace: 500 Hz

Stimulacni strategie: MP3000

Pocet maxim: 4
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Kontrolni pooperacni snimek lebky v anterioposteriorni projekci ukazuje polohu elektrody

(obrazek Il1. 8. 2-23).

Obrazek Ill. 8 2-23 - Pacientka T. N., RTG snimek lebky v pfedozadni projekci
Elektrodovy svazek je umistén v cysticky malformovaném hlemyZzdi. Je v Zddouci poloze, nebot kopiruje sténu
dutiny. Popis vlastni (Klinika zobrazovacich metod 2. LF UK, FN Motol, Praha).

Maximalni stimulacni Uroven je limitovana nepfijemnou hlasitosti (bez nezadouci

stimulace). NRT bylo zméfeno na nékolika elektrodach, lezi uvnitf dynamického rozsahu stimulace.

PFi nastavovani pacient reaguje na konec podnétu, jak je nacviceno, otaci se na zavolani
(zfejmé rozpozndva hlas, mozna jméno). Je tieba uvést, Ze od implantace uplynula pomérné kratka

doba

. 8.3 ZAVER

Je popsana kochledrni implantace u péti déti s vrozenou vyvojovou vadou vnitfniho ucha.

Ve Ctyfech pripadech slo o primooperaci, v jednom pripadé o operaci revizni s vyménou implantatu.
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U vSech implantovanych déti s vrozenou vyvojovou vadou vnitiniho ucha byl prokazan
pozitivni efekt elektrické stimulace. V souhlase s literarnimi Udaji je pfinos implantace limitovan

témito faktory:

. pridruzenymi vrozenymi vadami pfedevsim CNS, nebot tyto nalezy mohou
mit dopad i na sluchové drahy;

. vyssim vékem v dobé operace; optimalnich vysledkl mize byt dosazeno,
pripadech bylo vpredchozim obdobi soperaci vahdno, pfipadné bylo dité
kontraindikovdno k operaénimu tesSeni. Kochlearni implantace tak byla provedena
pomérné pozdé, s ¢imz koreluje i nizsi zisk kochledrni neuroprotézy. Ve smyslu skutecnosti,
které byly popsany v Uvodu této kapitoly i v kapitole predchozi, déti implantované pozdéji

pouzivaji ke komunikaci voditka vizudlni na ukor akustickych.

Zjisténé vysledky kochledrni implantace u déti s nitrousnimi vrozenymi vadami podporuiji
predpoklad, Ze tyto kandidati nemaiji byt vyjimani z implantacniho programu a maji byt hodnoceni
jako standardni. Podle indika¢nich kritérii jsou sice indikovani k jednostranné kochlearni implantaci,

ale pfi dobrych vysledcich mohou dostat i druhy implantat na kontralateralni ucho.
Nas postup u neslysicich déti s vrozenou malformaci vnitfniho ucha je nasledujici:

1. Zobrazovaci metody jsou pouZity kombinovang, tj. jak MR, tak HRCT. Kromé
vnitfniho ucha se vidy peclivé hodnoti ndlez na mozku se zfetelem na vnitfni zvukovod a
pritomnost nervl v ném. Tim se postup lisSi od postupu u déti s fyziologickou kochleou,
nebot ti se podrobuji pouze vysetfeni MR za icelem eliminace radiac¢ni zatéze.

2. Stejné jako u vSech ostatnich déti je v ramci predoperacniho zhodnoceni
kladen dlraz na vySetieni neurologické a ocni.

3. Zajima nas pfipadnd pfitomnost pfidruzenych vyvojovych vad, at uz
syndromovych nebo nesyndromovych, predevsim s ohledem na rozvoj mozku a hlavovych
nervd.

4, Pfi operaci je dlleZity vybér elektrodového svazku. V pfipadech, kde chybi
modiolus, pouzivdme rovnou elektrodu s cirkularnimi elektrodovymi zakonéenimi. Pokud
je kochlea vytvorena alespon v hrubych rysech, pfipada v Uvahu klasicka perimodiolarni
elektroda, pfipadné elektroda rovna tenka bez styletu s radidlnim usporadanim elektrod,

ktera poskytuje dobrou variabilitu v hloubce inzerce.
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5. Gusher nemUze byt omezujicim faktorem. Pfi jeho vyskytu se vidy snazime
zavést elektrodovy svazek do standardni hloubky a poté utésnit bazalni zavit svalem nebo
fascii.

6. U téchto déti uplatfujeme rdmec fakultativni metachronni oboustranné
implantace — dité je implantovdno jednostranné, pfi dobrém rozvoji.

7. Stejné jako u vSech ostatnich déti v implantacnim programu je pti nasledné

rehabilitaci fundamentalni podpora rodiny.
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Abstract Skull base tumors and, in particular, vestibular
schwannoma (VS) are among the etiological reasons for
single-sided deafness (SSD). Patients with SSD have prob-
lems in understanding speech in a noisy environment and
cannot localize the direction of sounds. Baha is one of the
most frequently used systems for SSD compensation. Out
of 38 patients with SSD after retrosigmoid removal of VS
who underwent testing with Baha softband, 16 were satis-
fied and were indicated for Baha implantation. Two surgi-
cal approaches have been used—the Nijmegen linear inci-
sion technique with subdermal thinning (Group I, implant
BI300) and fast surgery technique without subdermal thin-
ning (Group II, implant BIA400). The duration of the sur-
gery, the implant stability measured by Ostell, and skin or
soft tissue reactions in long range follow-up were evaluated
and compared between Group I and II. There was a differ-
ence in duration of surgery, in Group II procedures aver-
aged significantly faster (p>0.001). In both groups, there
was a similar trend of the gradual increase of implant sta-
bility. In the Group I and II, there was comparable rate of
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the skin or soft tissue reactions grade 0, I, II, or III. We have
proved Baha to be a suitable possibility for SSD patients
after the removal of VS, regardless of the approach. After
the retrosigmoid approach to the VS, the key step of Baha
implantation must be to reach intact healthy bone to avoid
implantation into scar tissue.

Keywords Baha - Single-sided deafness - Vestibular
schwannoma - Retroauricular approach - Ostell - Implant
stability - Resonance frequency analysis

Introduction

Baha surgery in patients after the surgical treatment of
vestibular schwannoma (VS) is challenging because of the
necessity of finding an optimal position for implantation,
untouched by previous surgery. Preservation of the skin cir-
cumferentially around the Baha abutment and implantation
to the healthy bone are prerequisites for optimal healing
and long-term stability of Baha implants.

Single-sided deafness (SSD), a unilateral sensorineu-
ral deafness in the poorer ear, with normal hearing in the
opposite (better) ear, is one of the most often consequences
of the growth and therapy of the VS [1-3]. VSs are slow-
growing tumors usually located in the cerebellopontine
angle that originate from the Schwann cells of Ober-
steiner—Redlich zone [4].

When SSD occurs, the benefits of binaural hearing are
lost. Patients with SSD have problems in understanding
speech in a noisy environment and cannot localize direc-
tion of sounds [5, 6]. When a patient with SSD receives
the Baha implant, the advantages of a true binaural pro-
cessing (binaural redundancy and squelch) will not be
restored. Baha implant will not restore the ability to
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Table 1 Details of all the patients

Group/tested Total Accepted Declined

Number 38 16 22

Age (range), 44.8 (25-69) 43.5(25-69) 46.4 (33-69) p=0.47
years

Women/men 27/11 10/6 17/5

Interval of 19.5(3-71) 17.8 (3-56) 21.18 (3-71) p=0.28

SSD (range),
months

localize sound in space. The reason for this is that there is
still only one cochlea being targeted by a sound stimula-
tion [7].

The bone anchored hearing device (BAHD) was first
introduced 30 years ago as a compensation for a conduc-
tive or mixed hearing loss [8]. It transmits sound into
bony vibrations, bypassing the non-functioning external
and/or middle ear, sending the energy directly into the
functioning cochlea. BAHD for SSD was firstly used at
the beginning of this century [9]. Since that time, a num-
ber of studies have proved the efficacy of BAHD in the
treatment of SSD [10-16]. BAHD requires a surgical
intervention, but the surgery itself is fast and simple and
can be carried out under local anesthesia. At the moment,
BAHD from different companies (Cochlear, Medel, Oti-
con, Medtronic) and with different names (Baha, Bone-
bridge, Ponto, Sophono) are available. For the purpose
of this study, only the Baha from Cochlear Company
was used. The Baha as a percutaneous or transcutaneous
system is more efficient than conventional hearing aids,
since it delivers energy directly into the cochlea from an
oscillator firmly connected to the bone by a process of
osseointegration. Osseointegration represents a direct
structural and functional connection developing between
the titanium implant (Baha) on one side and the viable
bone on the other side. The Baha implant provides a sta-
ble base for the attachment of a speech processor, which
is snapped onto an abutment connected with a Baha
implant. The Baha system as a surgical solution can be
used for patients from approximately 6 years of age, for
young children as a softband (elastic headband) [17-19].
The Baha softband can also serve as a testing instrument,
precisely predicting the future effect of the Baha system
after the implantation [20].

Meticulous indications and delicate surgery allowed us
to use Baha implants also for the group of patients after
surgery on the skull base [21]. The goal of this study
is to provide a summary of the surgical results of Baha
implants used in a homogenous population of the patients
after retrosigmoid approach for vestibular schwannoma,
which has not yet been the focus of the existing literature.

@ Springer

Materials and methods

The study was performed from September 2010 to August
2014 and includes 38 patients with single-sided deafness
after retrosigmoid removal of a vestibular schwannoma.
The study was approved by the Ethical Committee of the
University Hospital Motol (No. NT 11543-12-2009). The
male to female ratio was 2:3 and the median age was 44.8
years, ranging from 25 to 69 years (Table 1). The prin-
ciple behind the Baha device and the necessary surgical
approach was described to patients. All were willing to
participate in the study, subsequently filled in a question-
naire and underwent audiological testing (air and bone
conduction, speech recognition in a noisy environment,
and a test of lateral horizontal localization) and testing
with the Baha softband for 1 week.

All the patients underwent an introductory audiomet-
ric examination and tested the Baha processor with the
Softband (the elastic headband) for 1 week. According to
a subjective evaluation, each patient decided to accept or
reject Baha surgery. Experience with the Baha softband
was evaluated by patients using the BBSS questionnaire
immediately after the testing [16].

Sixteen patients satisfied with the Baha softband who
agreed to participate in the study were subsequently indi-
cated for surgery. The surgery was performed during
a 2-3 days hospital stay either under a general anesthe-
sia or neuroleptanalgesia, according to patient’s prefer-
ence or after an agreement with a surgeon. The surgical
approach was more complicated due to the previous sur-
gery for the VS, since the craniotomy never heals with a
full quality bone. Therefore, it is important to identify the
edge of the previous craniotomy and a convenient spot
for the implant placement into a bone of suitable quality.
This spot is usually in a more dorsal and rostral position,
compared with the generally recommended position for
the Baha implant placement. HRCT navigation proved
advantageous but not a necessary for finding a correct
implant position. Considering the cost and the radiation
dose of a CT scan, we did not use HRCT on a routine
basis (Fig. 1). In the study, two surgical approaches have

Fig. 1 CT reconstruction of the skull base 4 years after the retrosig-
moid approach for the VS surgery. The defect after the osteoplastic
craniotomy is still present
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been used—the Nijmegen linear incision technique with
subdermal thinning [22] and the implant BI300 (Group
I) and Fast surgery technique without subdermal thinning
and implant BIA400 (Group II).

All the patients were dismissed during the first postop-
erative day and were followed-up in the outpatient office.
Stitches and a compressive coverage were removed during
the 7-10 postop day, and further check-ups took place in
at 2, 4, 8, 16, 24, and 50 weeks. During these follow-up
visits, the stability of the Baha implant was measured by
the Ostell system (Osstell, Goteborg, Sweden). Implant
stability quotient (ISQ) values were recorded using reso-
nance frequency analysis [23]. During this procedure, the
SmartPeg is temporarily attached to the abutment and is
stimulated by a magnetic pulse from the probe attached to
the instrument. The implant stability is calculated in 1-2 s
and results are displayed as ISQ values with a range from
1 to 100. The higher the number is, the more stable is
the implant. The patient can sense fine vibration or quiet
sound. Usually, repeated measurements were performed on
each implant in at least two directions parallel to the skull,
and the highest and lowest number was recorded.

Sound processor setting was performed 5-12 weeks
after the surgery, according to a healing and study period.
During the first study period, the minimal interval for a
sound processor setting was 12 weeks; during the second
study period, this interval was shortened to 5-8 weeks in
accordance with foreign experience and with the literature
[24, 25].

Results were analyzed using Wilcox signed-rank test and
Student’s ¢ test as appropriate. Analyses were performed
using Statistica 10 software.

Results
Surgery

To date, there are 16 patients with the implantation of
Baha for SSD following the retrosigmoid approach for
vestibular schwannoma. Five out of 16 cases were per-
formed under general anesthesia, 11 under the local anes-
thesia. In the first 11 consecutive cases, linear insertion
with subcutaneous tissue reduction was used (Group
I), in the last 5 cases, “Fast surgery” technique without
soft tissue reduction was used (Group II). There was a
difference in duration of surgery, “Fast surgery” proce-
dures averaged significantly faster (linear 37.4 min, SD
4.3, range 32-48 min vs. fast 23.6 min, SD 2.4, range
21-28 min, p>0.001) (Fig. 2). Usually, the generally rec-
ommended position for implant insertion corresponded
to the place where osteoplastic craniotomy was per-
formed. Due to the fact that craniotomy was closed with
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Fig. 2 Comparison of the duration of the surgery for linear incision
technique—Group I (BI300) and fast surgery technique—Group II
(BIA400). The surgery in Group II was significantly faster (p>0.001)

the island of resected bone and filled with the bone plate,
even after several years, the density of this bone was very
low and therefore deemed inappropriate for the insertion
of the implant. As a result, the border of craniotomy had
to be found and implantation was performed on the intact
bone. Compared to the ideal position, the Baha implant
had to be placed more cranially and dorsally. There was
no major complication during any of the surgical pro-
cedures, in five patients the implant passed through the
whole thickness of the bone was touching the dura, but
there was no CSF leak in any case. Bleeding from small
emissary veins in three cases was stopped by insertion of
implant.

In the first 11 consecutive cases (Group I), the stand-
ard 4 mm implant with 6 mm abutment was used, with the
reduction of the subcutaneous tissue. For the next five con-
secutive cases (Group II), the 4 mm implant was used with
8 mm abutment in two cases and 10 mm in three cases,
based on the thickness of the skin (Table 2).

Skin or soft tissue reactions in long range follow-up
were evaluated by using a modified Holger’s soft tissue
reaction grading scale [26]. In Group I (linear incision,
BI300), 8 patients were considered grade II or lower (grade
0, I, I, 72%), 3 patients grade III (28%). In one patient, a
spontaneous implant extrusion 14 months after the surgery
was registered, but there was no extensive granulation or
inflammatory soft tissue reaction. In Group II (Fast surgery,
BIA400), 4 patients were evaluated grade II or lower (grade
0, I, II, 80%), 1 patient was in grade III (20%), and no grade
IV or V was registered (0%). In Group I, the overgrowth
of the skin was the reason for longer abutment replacement
in 1 case (19 months after the surgery) and for revision
surgery and subcutaneous tissue reduction in another case
(6 months after the surgery). In Group II, the overgrowth
of the skin was the reason for longer abutment replacement
in 2 cases (8 and 22 months after the surgery). The replace-
ment of the abutment was performed in 2 male (67%) and 1
female (23%) (Table 2).
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Table 2 Details of the implanted groups

Subject Age at Sex Duration Cause Deaf side Implant Abutment Surgical technique Revision/implant or abutment
surgery of deafness replacement
(years) (months)
Group I
1 28 f 56 VSn.VII SIN BI300 6 mm Linear incision No
2 36 f 10 VSn.VIII DX BI300 6 mm Linear incision No
3 39 f 14 VSn.VII SIN BI300 6 mm Linear incision No
4 41 f 4 VS n.VIII SIN BI 300 6 mm Linear incision Extrusion, reimplantation
5 45 f 16 VS n.VIII SIN BI300 6mm Linear incision No
6 57 f 39 VS n.VIII SIN BI300 6mm Linear incision No
7 25 m 27 VS n.VIII SIN BI300 6mm Linear incision Subcutaneous tissue reduction
8 40 m 3 VSn.VIII DX BI300 6mm Linear incision 10 mm HA abutment
9 42 m 18 VS n.VIII SIN BI300 6mm Linear incision No
10 57 m 4 VS n.VIII SIN BI300 6mm Linear incision No
11 69 m 10 VS n.VIII SIN BI300 6mm Linear incision No
Group II
12 28 f 25 VSn. VIl DX BIA 400 HA 10 mm Fast surgery 12 mm HA abutment
13 41 f 5 VS n.VIII DX BIA 400 HA 10 mm Fast surgery No
14 56 f 15 VSn. VIl SIN BIA 400 HA 8 mm  Fast surgery No
15 59 f 36 VSn.VIII DX BIA 400 HA 8 mm  Fast surgery No
16 29 m 3 VSn.VII SIN BIA 400 HA 10 mm Fast surgery 12 mm HA abutment

Postoperative measurements: stability—Osstell

The implant stability was regularly measured at intervals of
0,1, 2, 4, 8, 16, 24, and 50 weeks. In the group I (BI300),
the average value of the highest stability on the day of sur-
gery was 67 ISQ (SD 2.1), the lowest was 65 ISQ (SD 3),
after a week the values remained the same—the highest 67
ISQ (SD 2), the lowest 65 ISQ (SD 2), after 2 weeks, there
was an increase to 69 ISQ (SD 2), resp. 66 ISQ (SD 2),
week 4: 68 ISQ (SD 2), resp. 65 ISQ (SD 2), week 8: 69

Fig. 3 The trends of implants

ISQ (SD 1), resp. 66 ISQ (SD 1.6), week 16: 69 1SQ (SD
2), resp. 67 ISQ (SD 3), week 24: 70 ISQ (SD 2.0), resp. 67
ISQ (SD 3), week 50: 71 ISQ (SD 1), resp. 68 ISQ (SD 3)
(Fig. 3).

In the Group II (BIA400), there was a similar trend of
the gradual increase of implant stability, and absolute val-
ues of ISQ were lower due to the fact that the length of the
abutment was different (Fig. 3).

In one female patient, we observed a decrease of sta-
bility values and the implant was extruded in 14 months.

Resonance Frequency Analysis
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During the first postop months, the implant stability was
optimal, and during the follow-up visit at 4 months, there
was a first decrease of ISQ, which continued in following
10 months until an implant extrusion (Fig. 4). The patient
was, nevertheless, so satisfied with the effect that she
wished to undergo the surgery again and was re-implanted.

Discussion
Surgery

The surgical approach in SSD patients after a retrosig-
moid surgery for vestibular schwannoma differs from
other SSD etiologies. A wide approach and an osseo-
plastic or osseoclastic bone resection causes a change
in the bone quality in places usual for an optimum Baha
placement. The majority of published data focused on
SSD patients after the removal of VS presented results in
patients with the translabyrinthine approach [14, 27], in
which the amount of resected bone is variable (depended
on the size of the tumor) and the implant usually can be
placed closer to the pinna and the external meatus. We
have chosen an upper portion of the scar after a previous
surgery and sometimes also extended the incision slightly
rostrally. Thus the rostral edge of a previous craniotomy
was identified and we were able to indicate a suitable
spot in an intact bone for the implant placement. In one
patient, the implant was placed in an osseoplastic bony
island, but in this patient the implant was extruded fol-
lowing 14 months, probably due to a lower degree of
perfusion of the bony tissue and inadequate implant osse-
ointegration. For an identification of the proper position
of the implant, we have used a preoperative CT naviga-
tion for a precise locating the craniotomy edge in several
cases, but in a praxis it proved better to extend the inci-
sion line and find the craniotomy edge by palpation. Even

Resonance Frequency Analysis
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Implant stability quotient (1SQ)
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Fig. 4 The trend of ISQ (extrusion) in the patient with an optimal
postoperative course during the first 4 months and with a subsequent
extrusion of the implant 14 months after the surgery

after years, the craniotomy edge is identifiable from the
surrounding intact bone. For patients with changes in soft
tissues, it is better to use the Fast surgery, because it is
possible to conserve the scarred tissue intact and choose
an abutment length according to the skin and subcuta-
neous tissue thickness. In both groups, there was com-
parable percentage of patients with a non-complicated
or minimally complicated postoperative healing. In the
Group 1, the Holger’s soft tissue reaction grade O, I, II
was 72% and in the Group 2 it was 80%. The difference
was not statistically significant.

Theoretically, there should be difference between both
groups because new technology was used (BIA400) with
HA (hydroxyapatite) coated on the surface of the abut-
ment and without the necessity to resect subcutaneous
tissue. Statistically significant difference was not reached
because of the low number of subjects in the Group 2.
The stated number of postoperative complications is
comparable with published data, especially if taken into
account that all the patients were previously surgically
treated at the site of the implantation, which without
doubt influenced the quality of the surrounding tissue
[26, 28, 29]. The Holger’s score above 2 was recorded in
16.4% of adult’s population in Danish retrospective study
[30]. Also the Nijmegen’s group published the retrospec-
tive analyses of the results of the Baha implantations
and the Holger’s score above 2 was recorded in 21.6% of
patients operated by the “linear incision” technique [31].
In both groups, it was necessary to exchange an abut-
ment for a longer one due to an overgrowth of skin, in
Group 1 in 1 case, in Group 2 in two cases. In two out
of three cases, this happened in males. When consider-
ing the selection of the abutment length, it is necessary
to take into account a gender of a patient and to select
a longer abutment in males, where a tendency towards
scarring and fibrotization is greater. In agreement with
the existing literature, there is an overgrowth of the skin
with the subsequent need to exchange the abutment in
younger males [30]. In our group, we have not observed
any early or late major surgical complication; in five
cases, the implant was touching the dura without a CSF
leakage, and in three cases there was slight bleeding from
emissary veins which stopped after the implant was fixed.
Surgery in experienced hands under local anesthesia with
the presence of an anesthesiologist seems most optimal.
As is evident from Fig. 2, the learning curve is relatively
steep and the surgery time was reduced to 37 and 23 min,
respectively, which is the time typical for a Baha surgery
under local anesthesia. Five patients underwent the sur-
gery under general anesthesia; the reason for this option
was mainly patient anxiety and the consequent risk of
limited cooperation.
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Resonance frequency analysis: implant stability

Resonance frequency analysis (RFA) was introduced by
Meredith et al. to clinically test implant stability in a non-
destructive manner [32]. ISQ is measured in two perpen-
dicular directions, which generally yield two different
ISQ values, typically varying a few units. This difference
is explained by the different bone characteristics in both
directions [33].

Curves representing the highest and lowest ISQ values
(Fig. 3) show a gradual increase of stability in both groups,
when absolute values correspond with a standard abutment
length of 6 mm. In the Group II (abutments with lengths of
8 and 10 mm), the observed lower absolute ISQ value does
not mean a lower degree of stability. The abutment length
correlates negatively with ISQ values with same implant
stability. Longer abutments yield lower ISQ values because
of the increased distance between the SmartPeg and the
bone level [33]. Implant stability was measured during
a l-year period, after that time patients were no longer
invited for check-ups. Absolute values and trends are com-
parable with those of other authors [34].

It was interesting to follow ISQ values in the patient
with an optimal postoperative course during the first
4 months and with a subsequent extrusion of the implant
14 months after the surgery. The ISQ values reached 66—70
during the surgery. After 16 weeks, there was a drop to
60-61, after 6 months to 53-59, after 12 months to 46-51
and 14 months after the surgery the implant extruded when
a processor was connected. In spite of decreasing ISQ val-
ues, there were no pathological changes in the abutment
surroundings and Baha was functional. The patient was
so satisfied with the Baha, that 5 months after the extru-
sion (the skin over the original surgery site was healed)
she was re-implanted. The localization of the device was
shifted 1.5 cm rostrally and dorsally, into a healthy bone
where there is lower risk of extrusion. In spite of a number
of published papers and experience with an interpretation
of ISQ changes, there are limited guidelines [35] on how to
proceed when ISQ decreases.

Current clinical recommendations stress the necessity
of ISQ recording in the postop period (the first measure-
ment being during the surgery) for a possible evaluation
of the implant stability in case of problematic healing,
trauma, and change of sound perception. However, these
recommendations are not scientifically supported, but are
rather arbitrarily determined. Changes in individual ISQ
trends could be indicative of implant stability failure [33,
35]. Another factor influencing ISQ values and thus a
possibility of interpretation is the type of SmartPeg used.
It must match producer’s recommendations and must be
the same during all measurements, in patients and group
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of patients. Further meta-analysis of published compara-
ble data from ISQ measurements should answer the ques-
tion of how to proceed when ISQ values start to change.

It is necessary to take into account the length of the
abutment also in cases when absolute ISQ values are
evaluated after an abutment change, when ISQ measure-
ment must be made with a longer abutment and taken as
a baseline for a further stability monitoring. When the
abutment is changed for a longer one, there is always an
ISQ decrease without changing the implant stability.

Conclusion

In agreement with other papers, we have proved Baha
to be a suitable possibility for the rehabilitation of SSD
patients after the removal of VS, regardless the approach.
For patients after the retrosigmoid approach to the VS,
the individual surgical steps must be modified to reach
intact healthy bone and to avoid implantation into scar
tissue in retroauricular region. With the respect to these
rules, the stability of the implants is comparable with the
existing published literature. It is still questionable how
often and how long stability should be measured. When
a decreasing trend in implant stability is observed, there
still remains the question of how the situation should be
managed and if there is any chance to prevent the extru-
sion of the implant. Because of the necessity of regular
MRI scanning during the follow-up, the Baha Connect
system is suitable for patients after VS therapy. Our audi-
ological [16] and surgical results proved that the rehabili-
tation of single-sided deafness should be a standard part
of a complex approach after VS surgery and osseointe-
grated implants should be one of the tested possibilities.
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A case report of a cochlear implant infection —
A reason to explant the device?

Jiri Skrivan?, Pavel Drevinek?

'Department of Otorhinolaryngology, 2nd Faculty of Medicine, Charles University and Motol University
Hospital, V Uvalu 84, 150 06 Praha 5, Czech Republic, *Department of Medical Microbiology, 2nd Faculty of
Medicine, Charles University and Motol University Hospital, V Uvalu 84, 150 06 Praha 5, Czech Republic

Clinical presentation: Case history of a paediatric patient with a cochlear implant and a surgical site infection
that developed as a result of acute otitis media is presented.

Intervention: After conservative management including wound debridement it was decided to explant a
functioning device.

Objective and importance: In a number of cases, it is necessary to remove the infected albeit functioning
device, especially in the event of formation of the biofilm has occurred. It is necessary to review and
evaluate the methods with which these major complications are routinely managed with the aim to

increase the survival ratio for the implanted device.

Keywords: Infection, Wound, Implants, Cochlear, Biofilm

Introduction

Surgical site infections related to the cochlear
implantation can lead to serious consequences,
since the infected device can represent a source and
pathway from which the infection can spread
further to the meninges and the brain. In such
cases it is necessary to remove a functioning device.
It is noteworthy that the cost of the salvaged
implant itself is substantial.

Surgical infection after cochlear implantation neces-
sitating removal of a device is considered a major com-
plication (Cunningham et al., 2004). Despite
prolonged application of systemic antibiotics and
local care, an infected device within a broken skin
barrier must eventually be removed. One reason for
the limited effectiveness of a conservative antibiotic
treatment is likely the presence of a biofilm on the
device. Bacteria are known to exploit this mode of
growth and succeed in colonizing prosthetic and
other surgically introduced material. The biofilm
layer, comprising bacterial communities embedded in
a self-produced exopolysaccharide matrix, allow bac-
teria to grow and survive in harsh environments by
enabling a highly significant increase of their defence
against the effects of the immune systems and anti-
biotics. The increase in antibiotic resistance of bacteria
growing in the biofilm layer is caused by very limited
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penetration of antibiotics through the layer, a
decreased metabolism of the bacteria and the
expression of biofilm-specific antibiotic resistant
genes (Lewis, 2001).

The artificial implant surface plays an important
role in a bacterial biofilm formation. Biofilms can be
mostly found in depressions along the electrodes and
the magnet (Loeffler er al., 2007; Pawlowski et al.,
2005).

This paper depicts a case study of an implanted
child with an infected device and a fistula formation,
the conservative management undertaken and the con-
sequences resulting in device explant.

Material and methods
Case study
The aetiology of praelingual deafness of the male child
was ototoxicity due to antibiotics applied during a
neonatal sepsis. Born prematurely by a Caesarean
section (week 31), he also went through a period of
neonatal hyperbilirubinemia. Shortly after birth, he
had been screened for a hearing loss by DPOAE test
(distortion product otoacoustic emissions), the result
was negative. Comorbidities were present including
motoric retardation and genital malformation. He
was previously operated successfully for an inguinal
hernia and a urologic malformation.

The child was implanted in the right ear at the age of
three years with Nucleus Freedom (Cochlear Ltd®,
Australia). The surgery was complicated by a
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prolonged wound haematoma, which resorbed
spontaneously.

Four years after the surgery he suffered a purulent
otitis media on the right side for which he was
treated with antibiotics (amoxicillin) and paracentesis.
Analysis of the swab specimen from the ear discharge
was negative for any bacterial presence. The infection
was resolved, however three months later, a palpable
fluctuation over the receiver—stimulator developed.
An abscess formation was evident, which was incised
and drained. Bacteriological examination revealed
the presence of Haemophilus influenzae with good in
vitro susceptibility to first line antibiotics considered
and administered. The wound healed following the
treatment with cefuroxime axetil, but an abscess
relapsed after two months.

On this occasion the inflamed skin was excised, the
wound debrided, and the receiver-stimulator was
lifted from the bony bed. Polypropylene stitches used
previously for implant fixation were cut away. There
was a gelatinous mass observed in the wound and on
the receiver—stimulator, highly suspected of a biofilm
presence. The wound itself and the implant were
thoroughly washed in a 1.5% solution of hydrogen
peroxide and aqueous solution of betadine for 30
minutes. A new bony bed was drilled in new location;
the implant body was lifted, placed in the newly drilled
bed and fixed with Vicryl® stitches. A permanent per-
fusion drainage was introduced and the implant was
enveloped in sheets of Garamycine Schwamm®
(EUSA Pharma Ltd., UK). The wound was closed
in three layers and a pressure dressing was applied.

Under a systemic intravenous antibiotic adminis-
tration with amoxicillin and clindamycin, the wound
was treated by constant local perfusion with gentamicin.
The drain was removed after a week together with a skin
suture, and a combination of systemic antibiotics admi-
nistered by mouth was continued for one more month
after the surgery. The wound healed completely, the
boy was discharged home using the functioning device.

Two months after the intervention, an abscess for-
mation developed again over the receiver—stimulator
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body. This time the abscess was drained and the recei-
ver—stimulator was explanted. An active electrode
array was cut at an adequate distance from the infected
site and left in the cochlea, preserving an open canal
and as a guidance for a possible reimplantation in
this side in the future.

Bacteriological analysis of the wound secretion from
the surgery was negative for any bacterial growth.

The wound healed completely and the boy was
reimplanted successfully in the opposite ear after five
months.

A summary of the course of the disease, the clinical
findings with findings and treatment applied are sum-
marized in the Table 1.

Discussion
Cochlear implant surgery is a standard method of
rehabilitation for permanent sensorineural hearing
loss of severe to profound degree in children and
adults. The surgery itself is a well-established and
straightforward procedure, with a relatively low rate
of infection-related complications. Nevertheless,
when an infection occurs, it can have grave conse-
quences on the patient’s overall wellbeing and be life
threatening. In the case of unilaterally implanted
cases affected by infection, removal of the infected
device subsequently creates an interim period of
potential auditory deprivation which is also cause of
concern in managing the deaf patient (Cunningham
et al., 2004, Howard & Antonelli, 2004; Tambyraja
et al., 2005). In some countries, under more restrictive
or limited reimbursement conditions, further manage-
ment of the deaf patient’s hearing loss may present
financial difficulties to obtain a new implant device,
leaving the patient with an explanted device without
auditory stimulation for prolonged periods of time.
The first aim of clinical patient management should
always be to optimally preserve the patient’s health
and at the same time retain clinical benefits of the
functioning implant. Additionally, in instances when
the functioning device can be salvaged, the resulting
financial burden to the responsible health system will

Table 1 Timeline of the course of infection and complications with findings and interventions

Time line
(months) 0 48 51 53 55 60
Finding Deafness Purulent acute Surgical site  Surgical site infection Surgical site Healed, no site
otitis media infection infection infection

Intervention Cochlear Paracentesis Incision and ~ Wound debridement, Wound debridement, Replantation in

implantation drainage implant repositioned implant removed the opposite ear
Antibiotics Amoxicillin Amoxicillin Cefuroxime Amoxicillin and Cefuroxime axetil Amoxicillin

axetil clindamycin
Bacteriology N/A Negative Haemophilus Negative Negative N/A
influenzae
Cochlear implantation is set as time 0.
Cochlear Implants International 2016 voL. 17 NO. 5
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be much lower than in the event the device must be
replaced. Moreover, not only are the costs of further
surgeries spared, the patient is not placed under the
additional burden of undergoing more procedures.

No standardized treatment for a surgical wound
infection exists. Each case must be assessed individu-
ally, for cases with severe infections, explanting the
device very likely the only option (Cohen &
Hoffman, 1991; Cunningham et al., 2004).

Factors contributing to implant infection are epi-
sodes of an acute middle ear infection, stitches used
for the implant fixation and irradiated terrain (Low
et al., 2014) or rare skin diseases (Kabelka et al.,
2010). The main culprit for a persistent infection on
the implant body is definitely the inherent character-
istics of a bacteria involved that enables its survival
and growth in the biofilm, and as a consequence
makes the chances of keeping an infected foreign
body to a minimum. Regarding the current case
report, the bacteria-producing biofilm were identified
as a combination of Staphyloccocus aureus, coagulase
negative staphylococci, Haemophilus influenzae,
Pseudomonas aeruginosa and anaerobic species
(Lewis, 2001; Macassey & Dawes, 2008; Post et al.,
2007).

The existence of a biofilm in an extruding device is
probably a main reason for reimplantation. There
are records of rare cases in which it was possible to
save the device by excluding a stitching material as a
possible source of the problem (Low et al., 2014). In-
vitro studies have proven the effectiveness of tea tree
oil, the essential oil of Melaleuca alternifolia in an era-
dication of methicillin-resistant Staphylococcus aureus
from an implant surface (Brady et al., 2006; Brady
et al., 2010; Farnan et al., 2005). Nevertheless, in
our case we could not use the tea tree oil as described,
since this is not a pharmacopoeia item and not per-
mitted for clinical use.

It may be considered that a prolonged haematoma,
which occurred after the first surgery, probably has set
up the first focus of biofilm. The haematoma has not
been solved surgically, it took some time before it
resorbed spontaneously. From this point of view the
haematoma acted as a good living environment for
bacteria.

The fact that a routine bacteriological examination
was negative in three cases of a surgical site infection
can be explained either by a generally lower chance
of recovery of bacteria due to concurrent antibiotic
treatment or by a contribution of anaerobes to the
infection. The swabs taken from the wound were
grown under aerobic conditions only. From this
point of view it seems reasonable to take wound speci-
mens for cultivation, as secretions, under anaerobic
conditions (sealed syringes etc.).
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In a situation where the biofilm can jeopardize the
positive treatment effects of cochlear implantation,
any effective medical and surgical measures that can
prevent the biofilm formation on the device should
be intensively sought and considered. One possible
method may be represented by an antimicrobial
coating of the device (Goldfinger et al., 2014). It
seems, as a rule of thumb, when there is an infection
around any implanted foreign body in live tissue, the
only way to solve such a complication, is to explant
the device (Vaid et al., 2013). On the other hand,
there have been cases when a biofilm formation has
been detected on a receiver—stimulator and/or an elec-
trode array surface, but without any clinical correlate
of an infection around the implant body. This has
been proven on explanted devices which were
removed for a reason other than an infection
(Ruellan et al., 2010). It seems that a tissue can tolerate
a biofilm formation up to a certain extent without the
formation of an abscess. Once a fragile balance
between the microorganism colonization and the
host protective factors is lost, it is likely that the infec-
tion will flare up and behave aggressively.

The biofilm presence most likely also explains a
lowered efficiency of topical antibiotics applied to
the wound itself. In other studies, a partial positive
influence of a gentamicin-impregnated collagen
sponge was reported (Buijs ez al., 2015). In our case,
we have used a similar method of a garamycine-
impregnated sponge, but without success. In our
reported case, we have used Garamycine Schwamm®
(EUSA Pharma Ltd.,, UK) although it was not
tested in a paediatric population. We have not
observed any adverse effects, though.

The cumulative incidence of a surgical site infection
in cochlear implants is 1.08% for adults and 0.72% for
children. This incidence is relatively high and greater
than the one obtained for a hip replacement. It is a
serious complication, being a life-threatening one.
Reimplantation is reported in a fare proportion of
those with a wound infection — 32% for adults and
17% in children. Infection is considered as a surgical
failure (Clark, 2003). It is a well-known risk which is
weighed up against the potential treatment benefits.

To summarize — following factors can positively
influence the reduced incidence of a surgical-site infec-
tion and/or the formation of a biofilm:

— Surgical technique: Smaller incision, atraumatic

surgery, haematoma or seroma free field, proper posi-

tioning of the receiver—stimulator into a bony bed not
protruding above the skull level, tight pericranial flap
to compress a receiver—stimulator.

— Device fixation: Ideally exclusion of any additional

foreign materials — stitches, dacron ties. It is preferred

to fix a receiver—stimulator in a properly created
bony bed with sufficient depth to seat the implant or



a in tight pericranial pocket. This can eliminate the
necessity of fixing it with stitches.
— Device characteristics: Suppression of biofilm adher-
ence by changing the physical structure of implant
device surface, possibly by polishing, alteration of the
surface topography, chemical and biological functio-
nalization of surface rendering them an antimicrobial
activity (Stover & Lenarz, 2009). Antimicorbial
coating of a device titanium case has been proven as
an effective measure against a biofilm formation in
an animal model (Chen ez al., 2016).
— Each episode of an acute otitis media in implantees
must be treated properly; any infection in an organism
with implanted foreign body must be paid a higher
attention than in standard situations.
Further studies are needed to evaluate treatment
methods that best manage surgical wound infections
in the event they occur for cochlear implant patients
that maintain patient health and prevent sacrificing
the functioning device.
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Abstract: A case of an accidental finding of neurofibromatosis 2 in a practically
asymptomatic patient is described. Various therapeutic modalities, including restoration of
hearing after vestibular schwannoma surgery with an auditory brainstem implant (ABI), are

considered.

Introduction

Neurofibromatosis 2 (NF2) is an autosomal dominant syndrome characterized by bilateral
vestibular schwannomas, multiple meningiomas and ependymomas. Although it bears the
same name as neurofibromatosis 1 (von Recklinghausen disease), these two pathological
conditions are completely different entities, both from clinical and genetical point of view.
Neurofibromatosis 2 has been described for the first time in 1822 by the Scottish surgeon
Wishart [1].

Diagnostic criteria for NF2 are defined by bilateral vestibular schwannomas or unilateral
vestibular schwannoma with at least two other brain tumours (meningiomas, gliomas,
neurofibromas) [2, 3].

Most of the patients with NF2 are initially examined for a unilateral sensorineural hearing loss
accompanied or preceded by tinnitus. Also dizziness can be the very first symptom.

Complex approach towards patients with NF2 includes restoration of hearing with an auditory
brainstem implant (ABI). During a vestibular schwannomas removal, the hearing nerve is
usually severed. Auditory brainstem implant can elicit hearing sensations by a direct electrical
stimulation of the hearing nuclei in the brainstem. The neuroprosthesis does not restore
hearing completely in its full spectrum, but helps handicapped patients in speech

communication and basic orientation in a world of sounds [4].

Material and Methods

A young twenty-six years old woman has been referred to the Department of
Otorhinolaryngology, Head and Neck Surgery, Charles University in Prague, First Faculty of
Medicine. The aim of the referral was to establish a therapeutic plan and suggestion of further
treatment. In her history, during last two years she has observed multiple occurrences of small
subcutaneous tumours, first in lower extremities, then around lips, on hands and around joints
and tendons. According to a biopsy from one of these tumours in the neck (neurofibroma) and
to a typical history of multiple progressive subcutaneous tumours, a diagnosis of
neurofibromatosis 1 had been suspected. For a complete diagnostic picture, four café-au-lait

spots have been found on a skin of thigh and neck. Nevertheless, additional symptoms for a



diagnosis of NF1 (hamartomas of the iris) were missing. Family history of neurofibromatosis
was negative; therefore the disease was probably caused by a new gene mutation.

The patient did not complain of any hearing problem. She had no tinnitus, pure-tone
audiogram and word audiometry was normal (Figure 1). According to the results of auditory
brainstem responses (ABR), a well expressed supracochlear lesion with a dominant neural
component was present.

From a vestibular point of view, central vestibular lesion with a vertical nystagmus, decreased
irritability of both labyrinths without signs of decompensation has been present.
Neurologically, there was a light paresis of n. VI in the left platysma muscle, light vestibular
harmonic syndrome, decaying in the right side, subclinical central paresis in the left lower
extremity.

In a magnetic resonance imaging, multiple extraaxial meningiomas and brain schwannomas,
intramedullar ependymomas of the cervical and thoracic spine segments have been described.
Frontally, there was a small parasagital meningioma with a largest diameter of 13 mm, in the
posterior fossa, there was 19 mm meningioma under the skull bone, in the left side, posterior
to the temporal bone, there was another 17 mm meningioma (Figure 2). In the left
pontocerebellar angle, there was a vestibular schwannoma with an intracanalicular growth
(size of 26 mm in an anterioposterior plane and 20 mm in a laterolateral plane). In the right
pontocerebellar angle, there was a smaller vestibular schwannoma (size of 10 mm in an
anterioposterior plane and 6 mm in a laterolateral plane) (Figure 3). In a cervical spine
segment, there were multiple tumours present — large 15 mm schwannoma in the C3 level
with a marked dilatation of the right neuroforamen, in the C4-5 level semicircular tumorous
mass originating from the dorsal capsule measuring 30 mm - probably a meningioma
compressing the spinal cord against vertebral bodies; in a laterolateral plane this expansion
was 22 mm big and it was filling up the whole width of the spinal canal (Figure 4). Another
tumour was situated in the dorsal aspect of the spinal cord in the C7-Thllevel, measuring

6 mm in a craniocaudal plane. Another tumour could be seen in the Th4 level and was
situated dorsally from the spinal cord. Its diameter was 10 mm. Last lesion was represented by
an intramedullar expansion located in the Th6 level, with a dimension of 13 mmin a
craniocaudal plane and 5 mm in an anterioposterior plane and subsequent fusiform spinal cord
thickening.

Questioning further approach, patient’s data had been presented during the 6™ European
Congress of Oto-Rhino-Laryngology, Head and Neck Surgery, taking place June 30" — July
4™ 2007 in Vienna. In the panel discussion participated by Offeciers E., Colletti V., Laszig R.,



Lenarz T., Betka J., and Ramos Macias A., the following recommendation regarding
therapeutic possibilities had been made.

The tumour in the spinal canal in the C4-5 level compressing the spinal cord should be
considered as a life and health threatening emergency and should be removed surgically as
soon as possible. Due to a completely normal hearing, no vestibular schwannoma surgery is
indicated so far, under the condition the tumour status is monitored by a serial MR imaging.
In case of the vestibular schwannoma growth and/or progressive hearing loss, the tumour
would be indicated for resection with an auditory brainstem implantation. Since the
contralateral hearing would be expected to be normal, the ABI can remain inactive, as a
sleeper, and would be programmed later in case of a contralateral surgery with a hearing loss
in this side. Or, as a variety of this approach, ABI can be implanted during the second

vestibular schwannoma surgery, in the right side, where the tumour is smaller.

Discussion

The primary indication for an auditory brainstem implant is neurofibromatosis 2 with bilateral
vestibular schwannomas. More rare indications for ABI include bilateral cochlear ossification,
skull base fracture with hearing nerves transsection and congenital aplasia of hearing nerves
[5]. Negative prognostic factors for the ABI outcome in patients with NF2 are (1) long time of
deafness (over 10 years), (2) difficult positioning of stimulating electrodes, (3) postoperative
complications and (4) number of active electrodes lower than 10 [6]. Recently, there have
been published studies showing an excellent benefit of ABI in non-tumour patients (children
with bilateral congenital aplasia of hearing nerves) compared with tumour patients (classical
NF2 patients). Results in a speech comprehension in the non-tumour group are significantly
higher tahn in the tumour group. One of possible reasons for this fact is a damaged and
deconfigurated hearing pathway due to a tumour growth and maybe a defect in the hearing
nuclei cells, which are responsible for a perception of speech modulation [7, 8].

Auditory brainstem implantation is usually performed as one-stage surgery after vestibular
schwannoma removal. In classical NF2 indications, the ABI does not represent an ideal
regarding the possibility of speech understanding without lip-reading. Compared with a
lip-reading only, the improvement in communicative functions in patients using ABI is just
about 30% [9]. In spite of the proven fact that the ABI benefit is much higher in the
non-tumour patients, due to a complex character of symptoms in the neurofibromatosis 2,

even a small contribution to communication skills represents a success. The benefit of



neuroprosthesis is the highest in NF2 patients with small vestibular schwannomas and a short
duration of deafness.

In the afore discussed patient, it was crucial to preserve her health and life — so the surgery
removing the tumour compressing the spinal cord was indicated first. After that,
neuroprosthesis implantation can be considered; nevertheless, due to a normal hearing in both
sides, wait-and-rescan policy seems reasonable. If surgery in the large tumour is performed
first, then the ABI as a sleeper can be realized. Or — due to the fact that in smaller tumours
there is a better ABI outcome — ABI can be introduced in the left right side, where the tumour
is smaller. Even a cochlear implantation is an option, if the hearing nerve is anatomically and
functionally preserved during a vestibular schwannoma removal (which is logically much
easier in smaller tumours) [10 — 14].

Generally said, decision making in such a complex diagnosis as NF2 is always difficult and
not straightforward. Therefore, we considered decision made by a team of specialized experts

in the field of auditory neuroprostheses as the best solution.

Conclusion

Neurofibromatosis 2 in its clinically well expressed form brings a plenty of problems to its
bearer. Considering the timing of surgery and ABI indications it is necessary to take into
account various factors, which can influence — in a positive or negative way — resulting
quality of life. It is necessary to solve first life or health threatening conditions of the patient.
Benefit of an auditory brainstem implant in patients with NF2 is not so high as in patients
with cochlear implants or non-tumour patients with ABI, nevertheless it improves
communication and aids in lip-reading. This is especially important for people, whose quality

of life is lowered by the basic diagnosis.
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Abstract. From 1997 to 2002, 55 patients with vestibular schwannomas (VS) were managed by
radical removal in a one-stage procedure by a retromastoideal posterior fossa approach. Ninety
percent of VS were of the 4th grade compressing the brainstem. The described group proves that a
high standard of microsurgical technique and intraoperative neurophysiologic monitoring of cranial
nerve function is essential. Small VS can be removed without any injury to the facial nerve and with
subsequent serviceable hearing. Large VS can be removed with fairly good facial nerve function or
with a temporary functional lesion. Less than 10% of operated VS necessitated a facial nerve
reconstruction in a cerebellopontine angle (CPA). Cross anastomosis between nerves was never used.
No serviceable hearing was maintained after surgery of large VS. Majority of VS in our group (90%)
were not suitable for stereoradiosurgery (SRS) because of the size. Five patients operated on for a
rapid growth after previous SRS proves that radiotherapy should not be a method of the first choice
in VS. Our study supports an opinion that growing VS should be treated in the earliest possible stage.
Total removal can be achieved with minimal morbidity and mortality. Auditory brainstem implant
(ABI) brings a new chance of maintaining hearing in five patients with neurofibromatosis 2 (NF 2)
and bilateral VS. © 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Large vestibular schwannomas (VS) cannot be treated by a “wait-and-rescan” method,
since the growth is significant. The patient is in danger of brainstem dysfunction and
intracranial hypertension [1—4]. Because of their size, the tumors cannot be treated by
irradiation—either stereoradiosurgery (SRS), plain radiosurgery, Leksell gamma knife
surgery (LGS) or linear acceleration radiosurgery [5,6]. They cannot be treated by partial
resection, either, since partial surgery puts the patient in danger of relapse and clinical
decompensation with subsequent reoperation. The aim of our protocol is a permanent
curation and return of patient into normal life and social activities after a radical one-time
VS removal with minimal morbidity and mortality. The intraoperative lesion of the
brainstem, cerebellopontine angle (CPA) nerves (especially the facial and acoustic nerves)
should be minimal or none. All possible methods were used to ensure this [1—4,7]. In NF
2 with bilateral transection of acoustic nerves, the hearing was partially restored by using
auditory brainstem implant (ABI) [8].

2. Material and methods

The study represents a retrospective analysis of the group of 55 patients operated in the
years 1997-2002 in the Department of ORL, Head and Neck Surgery of the First Medical
Faculty in Prague. It comes out of a close cooperation between otolaryngologist and
neurosurgeon, who took part in all the surgeries. The neurosurgical experience consists of
over 600 VS operated since the year 1983 [4].

In all cases, the diagnosis had been made by an objective otolaryngologic and
neurologic examination, audiology (tone and speech audiometry, tympanometry, stapedial
reflexes, brainstem auditory evoked potentials, brainstem evoked response audiometry,
BERA) [9], vestibular examination and imaging (MR and CT). Grading of the hearing loss
was made according to Gardner—Robertson classification [10]. Function of the facial
nerve assessed according to House—Brackmann scale and by electromyography [3,4,7,10].

Based on imaging techniques, four grades of a tumor sizes were described, in a
simplified and modified way according the Hannover Medical School classification [2,3]:

— the Ist grade: purely intrameatal tumour

— the 2nd grade: tumour spreading into the cerebellopontine angle (CPA)—
intraextrameatal

— the 3rd grade: filling completely CPA

— the 4th grade: compressing and dislocating the brainstem and the fourth ventricle.

A postoperative imaging check with a surgical radicality assessment was made 1 week
after surgery, 1 month, 6 months after surgery and then regularly every 1-2 year. Patients
were operated on using a retromastoid posterior fossa approach in a semi-sitting or supine
position [1—4]. Patients, who were operated on using translabyrinthine approach, were
excluded from the study. Three-point fixation of the skull and automatic retractors was
used. The tumor was removed by a microsurgical technique under high magnification.
Ultrasound aspirator was used as well. Large VS was intracapsularly debulked first,
internal meatus was then widely opened from a posterior and superior or inferior aspect
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with a high-speed diamond burr. Vestibular portion of the 8th cranial nerve was cut. The
tumor was removed radically without leaving any visible tumor remnants on the facial
nerve. When the VS was put away, the internal meatus was sealed by a piece of muscle
with a tissue glue. Dura was closed in a watertight suture, so was craniotomy by putting
back a piece of bone plate and bone dust created during craniotomy. Intraoperative
neurophysiologic monitoring of cranial nerves function was used in all surgeries [2,3,7].
By EMQG, spontaneous and evoked responses from the facial nerve were recorded, using a
bipolar stimulation of the nerve in CPA on the surface of VS all along from the brainstem
to the internal meatus. In NF2 patients receiving ABI, the position of the electrode plate
was checked by an electrically evoked brainstem responses audiometry—EBERA [8].
Corticosteroid and cephalosporines preoperative and postoperative coverage was used in
all cases. It was not necessary to perform a lumbar puncture or drainage in any patient
either during surgery or postoperatively. Surgery of these large VS lasted 4—10 h.

3. Results

From 1997 to 2002, 55 patients with VS were operated on. Follow-up period ranged
from 7 months to 6 years. Age range of patients was 19-72 years (mean 47 years).
Females represented 65%, males 35% of the group. Out of the group, there was 1 VS of
the 1st grade, 4 of the 2nd grade, 11 of the 3rd grade and 39 of the 4th grade. Prevailing
majority of tumors—50 VS (91%)—were large tumors of the 3rd and 4th grade
compressing and dislocating the brainstem. This represents an impact of a certain tumor
selection, since a fair number of minor tumors in the Czech Republic were from the year
1992 and were treated by SRS-LGS only [5]. In five cases, patients suffered from NF2.
Three patients were scheduled for surgery after a previous partial resection with remnant
growth and five patients after a previous unsuccessful therapy by SRS-LGS (Table 1).

In all the patients, tumors were radically removed in one-stage procedure. During a
follow-up period, no recurrence was found. There was no mortality in the group. One
patient died 4 months after surgery due to a hypertonic haemorrhage into the thalamus and
the third ventricle.

Facial nerve function according to House—Brackmann classification [10] shows: in
small VS of the 1st—2nd grade, the function was preserved in all five cases (100%)
reaching nearly a normal function grade 1-2. In large VS of the 3rd—4th grade, the
anatomical continuity and a spontaneous recovery of function was preserved in 47 patients

Table 1

Vestibular schwannomas 1997-2002

1st grade (intrameatal) 1
2nd grade (spreading into CPA) 4
3rd grade (CPA) 11
4th grade (compressing brainstem) 39
3rd +4th grade 91%
Total cases 55
Neurofibromatosis 2 5
Prior partial resection 3

Prior therapy by stereoradiosurgery 5
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(94%). Shortly after surgery, the facial nerve grading was 1-2 in about 30% patients,
while in the rest grading 1-3 was reached 6—12 months after the surgery. In three cases,
the facial nerve had to be sutured in the CPA, either directly or with the nerve graft. The
suture was performed immediately after the removal of VS. Reinervation and quite a good
function (grades 1-3) was reached, except for signs of intraneural aberrant regeneration
(slight synkinesis, generalized blinking and autoparalytic syndrome due to reinervation of
antagonists) [3,4,7]. Cross anastomosis with other nerves (i.e. with no. XII) was not
performed in any patients.

Cochlear function according to the Gardner—Robertson classification [10] shows: in
small VS of the 1st—2nd grade, it was possible to maintain a good cochlear function and
achieve serviceable hearing grades I-II in two of five patients (40%). In large VS of the
3rd—4th grade (not taking into account the hearing function before surgery), there was no
serviceable hearing.

Complications: in small VS of the 1st—2nd grade, there were no major complications.
In larger VS of the 3rd—4th grade, wound revision was necessary in two patients due to
cerebellar malatia. To avoid such complications, in next nine patients a small cerebellar
cortical malatia created under the retractors was resected at the end of surgery. Neo-
cerebellar ataxia and vestibulocerebellar dysfunction was only temporary and improved
after some time, except for one patient with NF2, in whom the cerebellum had to be
resected partly in both sides. Surgical revision for a CSF leakage and transotic rhinorrea
was necessary in two patients. Epidural collection of CSF was found in seven patients; it
was solved by a transcutaneous puncture-evacuation and instillation of a fibrin-glue with a
consequent wound compression. There was no lumbar drainage in these cases. In one case,
a medial cervical disc protrusion C 5/6 had to be removed emergently; afterwards, cervical
myelopathy improved to some extent. There was a dysfunction of the cranial nerves V, IX,
X, XI in four cases, which improved after some period. Psychosyndroma was present
postoperatively in four cases and except for one patient it was temporary. There was
neither meningitis nor serious wound infection in the group. So far, vast majority of
operated patients (91%) returned to their previous social activity.

Auditory brainstem implant: the first ABI surgery was performed January 11, 1999. It
was the first ABI surgery in Central Europe. As mentioned earlier, there were five patients
with NF2 included in the group. After a radical removal of the tumor, an ABI electrode
was placed close to the hearing nuclei in the 4th ventricle [8]. All implantees are daily
users, one of them is a star patient reaching level similar to patients with cochlear implants,
while the other four use the device in a standard manner as an aid in lip-reading.

4. Discussion

In the literature, there is discussion as to what the best approach is to the VS—
translabyrinthine, transtemporal (middle fossa) or retromastoideal approach. It is not
possible to save hearing by the translabyrinthine approach [1-3]. Our experience proves
that all sizes of VS are possible to remove radically by a retromastoideal approach with
minimal mortality and morbidity. A high standard of microsurgery and intraoperative
neurophysiologic monitoring of nerve function is essential. By this approach, it is possible
to remove small VS without injury of the facial nerve and with serviceable hearing. It is
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possible to remove large VS with good facial nerve function or with a lesion which
spontaneously recovered. It has been discussed whether we should operate on small VS or
wait and rescan. We know that some VS are growing quickly. After removal of large VS,
we did not achieve serviceable hearing. Our study supports an opinion that growing VS
should be treated in the earliest possible stage. There is an opinion that VS will be treated
mostly by SRS in future [5,6]. The majority of our VS were not suitable for SRS method
because of the size. Further five patients operated on for a rapid growth after previous SRS
is proof that SRS is not the best method of treatment in small VS either. As concern of
ABI, it will need more serious discussion. We can consider that results are less successful
than cochlear implant. Our initial results are encouraging. ABI brings a new chance of
maintaining hearing in patients with bilateral VS [8].
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First auditory brainstem implant in the Czech Republic
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Abstract

In the Czech Republic, the first implantation of a stimulation electrode into the brainstem was performed
on 11 January 1999 in the Department of ORL, Head and Neck Surgery, The First Medical Faculty.
Charles University in Prague, University Hospital Motol.

The selected patient was a 40-year-old woman with neurofibromatosis type 2 (NF2) who had previously
undergone bilateral vestibular schwannoma surgery. Both tumours had been radically removed, the left-sided
tumour in 1987, the right-sided one in 1988. She had been completely deaf since the last operation, i.e., for 11
vears. The surgery was realized by the international cooperation of three teams. Placement of the electrode

pad of the Nucleus CI21+1M system on the ventral and dorsal cochlear nuclej was performed. Electrically
evoked auditory brainstem responses (EABRs) proved the correct position of the electrode array.

The post-operative course was uneventful. Six weeks after the surgery the patient received her
speech processor. Since that time, the patient already absolved several sessions of a speech processor
tune-up. She uses the device as an aid in lip-reading. No adverse or pathological side effects have
been observed. The patient was the 45th person in Europe to receive an ABI and the first in the

Czech Republic.

Key words: Brain Stem; Prosthesis Implantation; Neurofibromatosis 2; Neuroma, Acoustic; Hearing

Loss, Sensorineural; Czech Republic

Introduction

In the year 1979, House and Hitselberger partially
restored hearing for the first time in a female patient
with neurofibromatosis type 2 (NF2) after bilateral
vestibular schwannoma removal and hearing nerves
transsection. This was achieved by electrical stimula-
tion of the hearing nucleus in the brainstem with a
special neuroprosthetic device.! The first similar
surgery in Europe was performed by Sollmann and
Laszig in 1992.% Further development resulted in a
multichannel device based on a cochlear implant,
Nucleus of the Cochlear Corporation.’> The pilot
study using the 20-channel device realized in Europe
by Laszig proved that the device enabled hearing
sensation and environmental sound detection.*’
Current results of the multicentric research, during
which there have been 52 auditory brainstem
implants in Europe by 1999,% established indications
for surgery: adult patients with a total lesion of both
hearing nerves occurring most often in NF2 or
vestibular schwannoma with contralateral hearing
nerve dysfunction of different origin, eg. traumatic.
Congenital agenesis or dysfunction of the hearing
nerves represents a contra-indication for surgery.

Methods and case history

The implantation centre in the Department of
Otorhinolaryngology, Head and Neck Surgery in
the First Medical Faculty of Charles University in
Prague was founded in the year 1988. So far, nearly
50 deaf patients, both children and adults, have been
operated upon for cochlear implants.

The first implantation of a stimulation electrode
into the brainstem of a patient in the Czech Republic
was performed here on 11 January, 1999.

A 40-year-old woman with neurofibromatosis 2
after bilateral vestibular schwannomas surgery was
chosen as a candidate for the first ABIL Both
tumours had been radically removed - the right-
sided tumour in 1987 in the Neurosurgical Depart-
ment in the city of Plzedl (by Z. Mragek), the left-
sided one in 1988 in the Neurosurgical Department.
The First Medical Faculty, Charles University in
Prague (by E. Zvéfina). The function of both facial
nerves remained intact, as well as - at least
anatomically - the statoacoustic nerve on the left
side. In spite of that, she had been completely deaf
since the last surgery, i.e., for 11 years. According to
magnetic resonance imaging (MRI) there was a
marked gliosis in the region of the right-sided
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cerebellar hemisphere and the lateral recess of the
4th ventricle, i.e., indicating ABI surgery on the left
side.

It was realized by the international cooperation of
three teams. The surgery was performed by neuro-
surgeons Professor W.-P. Sollmann (Braunschweig)
and Professor E. Zvéfina (Prague). Intra-operative
monitoring of the cranial nerves was performed by
D. Urgosik (Prague), electrically evoked ABR by
B. Nevison (London) and T. Tichy (Prague) with co-
workers.

After 11 years of vestibular schwannoma removal,
there were only slight arachnoideal adhesions in the
left pontocerebellar angle. Cranial nerves VII, IX, X
and XI remained anatomically intact with good
function as proven by electrostimulation. The VIIIth
nerve was partially preserved.

Identification of the entrance into the lateral
recess of the fourth ventricle (foramen Luschkae)
was relatively easy, since no schwannoma had to be
removed. This was also due to a cerebrospinal fluid
leakage. Placement of the electrode pad of the
Nucleus CI21+1M system on the ventral and dorsal
cochlear nuclei was quite simple. Electrically evoked
auditory brainstem responses showed that the
electrode array was in the correct position. The
whole surgery including fixation of the receiver-
stimulator into the temporal bone lasted five hours.

Results

The post-operative course was uneventful, a small
cerebrospinal fluid pseudocyst, which occurred in the
wound, was solved by one-time instillation of a fibrin
glue. Native radiograms and computed tomography
(CT) scans showed proper placement of the elec-
trode pad.

Six weeks after surgery the patient was tuned up
by a team consisting of P. Morris (London) and T.
Tichy with co-workers (Prague). Since that time, the
patient already absolved three sessions of speech
processor adjustments. In spite of good contact of
the majority of electrodes with the cochlear nuclei,
she is using only three electrodes with two channels
per electrode. The device is used all day long as an
aid to lip-reading; the suprasegmental discrimination
is unfortunately very low. No adverse or pathological
effects have been observed.

Discussion

Electrical stimulation of the cochlear nucleus in the
brainstem as a substitution for missing peripheral
input and a method of hearing restoration represents
one of the most up-to-date treatments of sensory
deprivation. This is a new branch standing in the
very beginning of its clinical research and applica-
tion. In the beginning of the year 1999, in Europe
there were 52 implanted patients. All the results,
including our patient, are mostly worse than those of
cochlear implants. Nevertheless, cochlear implants
cannot be used in subjects with bilateral lesions of
the VIIIth nerves. So far, it has been proven that an
auditory brainstem implant is safe and without any
risk for patients. An experienced multidisciplinary
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team consisting of neurosurgeon, otosurgeon, elec-
trophysiologist, anaesthetist, speech therapist and
psychologist is a must for a successful realization of
the ABI programme. Previous experience with
cochlear implants is also important. The condition
of an adequate surgeon’s qualification is at least 100
performed vestibular schwannoma surgeries, experi-
ence with cochlear implants, brainstem surgeries and
per operative cranial nerves 1'1'1.011it01'irLgA8

Conclusion

The first auditory brainstem implant surgery in the
Czech Republic and the 45th in Europe was
performed on 11th January, 1999 in the Department
of Otorhinolaryngology, Head and Neck Surgery.
The First Medical Faculty, Charles University in
Prague, Institute for Postgraduate Medical Educa-
tion, Faculty Hospital Motol, which is a statutory
centre for cochlear implants. The surgery took place
11 years after the previous removal of a vestibular
schwannoma. No serious complication occurred
during surgery nor in the post-operative period.
The first results of the auditory brainstem implant
surgery are encouraging, nevertheless only time will
show a more permanent benefit of the device.
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Sluchova kmenova neuroprotéza
z pohledu otolaryngologa -
(Prvni vlastni zkuSenosti a vysledky)
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S ouh rn:V prici autofi prezentuji vlastni zkuSenosti se sluchovou kmenovou neuroprotézou. Dne
11. ledna 1899 byla jako prvni v Ceské republice a 45. v Evropé operovédna nemocn4 s neurofibro-
matézou druhého typu. Oboustranné vestibuldrni schwannomy byly u nf odstranény pied 11 a 12
lety. Autofi popisujf vlastn{ implantace a vysledky. Zmituji krdtkou historii vyvoje sluchové kme-
nové neuroprotézy, jeji souéasny stav a oéekivany prinos.

Kliéova slova:sluchovda kmenova neuroprotéza, indikace, technika implantace, vysledky.
Otorinolaryngel. { Prague/, 48, 1999, & 4, 5. 203 - 206.

Skiivan J., Zvéfina E., Betka E., Svétlik M., Sollmann W. P, Tichy T., Sedlik S., Topol M., Urgosik
D., Mazanec R., Nevison B., Morris P.: Auditory Brainstem Implant from the Aspect of the Otolaryn-
gologist - Initial Experience and Results

S um m ar y: The authors’ first own experience with an auditory brainstem implant is presented.
The 1% ABI operation in the Czech Republic and 45" in Europe was made in a female patient with
neurofibromatosis 2, on January 11, 1999, Bilateral vestibular schwannomas were removed 11 and
12 years ago, respectively. The implantation itself and results are described. A history of the auditory
brainstem implant is briefly described, including the current state-of-the-art and expected benefits.
Key words: auditory brainstem implant, indications, implantation technique, results.
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VLASTNI POZOROVANI

Sluchova kmenov4 neuroprotéza zprostiedkuje
sluchové vjemy prostfednictvim elektrického draz-
déni sluchovych jader v lateralnim recesu 4. moz-
kové komory. Sluchovd kmenova neuroprotéza je
indikovana u dospélych pacientt s dplnou obou-
strannou poruchou funkee VIII. hlavového nervu.
Indikaéni skupina zahrnuje (1) nemocné s obou-
strannym tumorem sluchového nervu, nejéastéji
vestibuldrnim schwannomem (nap#. u neurofibro-
matdzy 2. typu) a (2) nemocné s jednostrannym
tumorem sluchového nervu a kontralaterdlni dys-
funkei tohoto nervu, nap¥, v disledku kongenitdlni
patologie nebo trazu, Pokud se viak prokaze ales-
poil zédasti zachovana funkce sluchového nervu, je
metodou volby kochledrni neuroprotéza. Sluchovy
kmenovy implant4t je kontraindikovén p#i konge-
nitdlni absenci nebo dysfunkci sluchovych nervi
anebo po radiaéni 1é¢bé gama terapii.

Ctyticetiletd Zena postizen4 neurofibromatézou
druhého typu po oboustranné operaci vestibularni-
ho schwannomu byla vybrdna jako kandidatka slu-
chové kmenové neuroprotézy. Nador na pravé stra-
né byl odstranén v roce 1987 na Neurochirurgické
klinice v Plzni (doc. MUDr. Mraéek), nador vlevo
pak v roce 1988 na Neurochirurgické klinice 1. LF
UK v Praze (doc. MUDr. Zvétina). Kontinuita
a ¢dsteéné i funkce obou licnich nervi zistala za-
chovina, anatomicky neporufeny ziustal i osmy
hlavovy nerv na levé stranég, ale byl prakticky
afunkéni. Nemoend byla od posledni operace, tedy
po dobu 11 let, iplné hlucha.

Pacientka byla v rdmci pfedoperaéni pripravy
komplexné vy3etiena, Byly provedeny zdkladni au-
diologické testy (ténovy a slovni audiogram bez
sluchadla i se sluchadlem, tympanometrie, reflexy
tfminkového svalu, objektivni audiometrie, otoa-
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kustické emise), vie s negativnimi vysledky - ne-
mocnd vnimala pouze vibrace. Otoskopicky byl ne-
gativni ndlez. Re& nemocné byla plynuld, celkové
dob¥e srozumiteln4, se zachovalou melodii a lehce
setfelou artikulaci, intenzita hlasu byla jen mirné
snizend. Pacientka komunikovala vyhradné odezi-
rénim, test odezirani splnila na 53 %. Byl proveden
promontorni test, vpravo nebyl vyvoldn zvukovy
vjem, vlevo byl sice uréity zvukovy vjem vyvolan,
avdak s nulovym dynamickym rozsahem a byl do-
provézen bolesti. To mohlo svédéit o velmi malém
poétu prezivajicich funkénich vldken sluchového
nervu, co? vyluéovalo pouziti kochledrni neuropro-
tézy. Pacientka byla té% vySetfena neurologem
a oftalmologem, byla uskuteénéna oboustranna
elektromyografie liecniho nervu. U nemocné byly
prokédzany jedté dva daldi staciondrni neurofibro-
my, jeden v nadklicové krajiné, druhy, drobny, na
lebee pod kiizi. Na zikladé vySetfeni magnetickou
rezonanci byla popsdna vyrazna gliéza v oblasti
pravé mozeckové hemisféry a laterdlniho recesu 4.
komory. Z tohoto divodu byla pro operaci zvolena
leva strana.

Operace se uskute¢nila 11. ledna 1999 mezina-
rodnim multidisciplindrnim tymem. Operovali
prof. MUDr. Sollmann a doe. MUDr. Zvérina. Pe-
roperaéni monitoring hlavovych nervi zajistil as,
MUDr. Urgosik se spolupracovniky, elektricky evo-
kované kmenové potencidly dr. Nevison a ing. Ti-
chy se éleny tymu Laboratore elektronickych smys-
lovych nahrad. :

V levém pontocerebeldrnim thlu byly po pred-
chozi operaci pied 11 lety nalezeny jen nevelké
arachnoidealni srasty. Hlavové nervy VII, IX, X
a XI byly anatomicky zachoviny s dobrou funkei
podle elektrostimulace. Osmy hlavovy nerv zustal
zéasti anatomicky neporuseny. Identifikace vcho-
du do lateralniho recesu 4. komory (foramen Lus-
chkae) usnadnila okolnost, Ze nebylo nutné odstra-
fiovat zadny tumor. Navic byl dobfe patrny unik
likvoru, coz napomohlo k dobré orientaci. Do bliz-
kosti ventrdlniho a dorzilniho sluchového jidra
byla umisténa desti¢ka s elektrodami, jeji spravna
poloha byla ovéfena prostfednictvim elektricky
evokovanych kmenovych potencidli (EABR). Télo
neuroprotézy bylo pak vlozeno do loZe ve spankové
kosti a fixovano stehy. Celd operace trvala pét ho-
din.
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Obr. 1. Destitka s elektrodami neuroprotézy
CI21+LM. (PouZito s laskavym svolenfm
firmy Cochlear.)

Pooperaéni pribéh byl komplikovén pouze vy-
tvorenim malé likvorové pseudocysty v rané. Kom-
plikace byla vyieSena jednordzovou instilac fibri-
nového lepidla a kratkodobou kompresi. Spravna
poloha desti¢ky s elektrodami byla potvrzena jak
nativnimi radiogramy, tak vypogetni tomografii.
Pacientka byla propusténa do domdciho oSetfovéni
zhojena a v dobrém celkovém stavu 18. pooperat-
niho dne.

VYSLEDKY

Sesty tyden po operaci byla nemocné pozvana
k dal3i hospitalizaci na Kliniku otolaryngologie
a chirurgie hlavy a krku 1. LF UK IPVZ k provede-
ni prvni stimulace. Vytvofeni prvni mapy v fedo-
vém procesoru se uskuteénilo na jednotce intenziv-
ni péée za kontinudlniho monitorovani srdeéni
a dechové éinnosti; provedli ji dr. Morrisova s ing.
Tichym a spolupracovniky. Bylo vyzkouSeno néko-
lik stimulaé¢nich moda pouzitelnych elektrod a pa-
cientka byla po nékolika dnech propusténa. Od té
doby se zulastnila jekté daldiho sezeni a nového
nastaveni fecového procesoru. V souéasné dobé
jsou zapojeny tii elektrody (z moznych 21), se dvé-
ma kanaly na jednu elektrodu. Pacientka je schop-
na s neuroprotézou poznat rozdil zvuk - ticho. Ne-
dovede suprasegmentalné rozlidovat, vysledky tes-
t detekce fonémi a diskriminace slov podle poétu
slabik (Svobodova a kol.: Testy percepce ¥eéi slu-
chem) se pohybuji v rozmezi ndhodnosti. PouiZivé
tedy neuroprotézu jako pomucku pfi odezirani.

DISKUSE

Elektrick4 stimulace mozku jako moZnost sen-
zorické ndhrady ztélesiiuje jednu z nejmodernéj-
%ich légebnych modalit smyslové deprivace. Jde
o novy obor, ktery stoji na samém zaddtku klinic-
kych aplikaci. Tato éra byla zahdjena prikopnic-
kym ¢inem House a Hitselbergera, kteff v roce
1979 z&asti obnovili sluch u nemocného s neurofib-
romatézou 2. typu po oboustranné operaci tumori
sluchového nervu (1). Prvni operaci tohoto typu
v Evropé provedl Sollmann a Laszig v roce 1992
(2). Bylo tak prokazdno, Ze pro pacienta p¥inosné
sluchové viemy lze dlouhodobé a bezpeéné vyvold-
vat vhodné zkonstruovanou elektrodou umisténou
do blizkosti sluchovych jader v mozkovém kmeni.

Chirurgickym cilem sluchového kmenovéhoim-
plantétu (neuroprotézy) je zavedeni souboru elek-
trod ke komplexu sluchovych jader, ktery se naché-
zi pod spodinou 4. komory v blizkosti vestibuldr-
niho jadra a flokulu mozeéku, Pavodni konstrukce
kmenové neuroprotézy pouzitd Hitselbergerem
byla zaloZena na jednokandlové stimulaci, obdobné
jako tehdejsi kochledrni neuroprotézy. Poéatkem
devadesdtych let bylo jiZ ziejmé, Ze vicekandlové
kochledarni systémy jsou mnohem uginné&jsi nez
jednokanalové, proto Laszig a Hitselberger navrhli
nezavisle na sobé vicekanalovy sluchovy kmenovy
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implantat, vychdzejice z konstrukce ptivodni koch-
learni neuroprotézy Nucleus® australské firmy
Cochlear (3). Cilem bylo vyuzit piirozeného princi-
pu tonotopicity, ktery je pfitomen ve viech etdZich
sluchové drdhy, od kochley a# po sluchovou kiiru;
analogicky jako u kochledrniho implantdtu se
predpoklddalo, Ze by to zvysilo pFinos neuroproté-

zy. Nebylo v3ak zfejmé, jak dopadne prakticka
* realizace tohoto predpokladu v oblasti sluchovych
jader, nebot vyjad¥eni tonotopicity v lateralnim re-
cesu4. komory nenitak intuitivni a pfirozené jako
v ganglion spirale v hlemyZdi.

Koncepce vicekandlové kmenové neuroprotézy
spocivd v aplikaci elektrického drazdéni na povr-
chu sluchového jadra pomoci implantované destié-
ky s elektrodami. Diky tomuto uspofad4ni se pied-

‘poklddalo, Ze budou drazdény rozliéné sluchové
oblasti, a tak budou vyvoldny tény o rizné vysce.
Plochy jednotlivych elektrod byly dostateng velké
a byly vybrdny takové stimulaéni proudy a sitky
pulzu, aby byly potladeny nezddouci \i¢inky nédboje
a ndbojové hustoty na nervovou tkan (4, 5). Kon-
strukce a spoje v elektrodovém souboru byly oproti
kochledrni neuroprotéze modifikoviny, aby bylo
mozné provddét bipoldrni i monopoldrni stimulaci
a stimulaci jedné vybrané elektrody vaéi viem os-
tatnim (common ground). Viechny ostatni aspekty
implantabilni ¢dsti i fefového procesoru pavodni-
ho modelu kochledrni neuroprotézy CI122M ziistaly
zachoviny.

V Evropé byla Laszigem zahéjena pilotni stu-
die s pouZitim dvacetikandlového kmenového im-
plantatu vlastni konstrukce a v roce 1992 byla
implantovdna prvni pacientka, dvaapadesdtileta
nemocnd s neurofibromatézou druhého typu
(NF2). Podle publikovanych vysledkit bylo de-
monstrovidno, Ze kmenovai neuroprotéza dokdze
vyvolat sluchové vjemy, které umozni implanto-
vanému detekovat zvuky prostiedi a poméhaji
mu pii odezirani (6).

V priibéhu pilotni studie bylo implantovéno cel-
kem 10 pacienti a byla publikovana ada dat (7, 8,
9). Pilotni studie poskytla ptilezitost k “doladéni”
konstrukce sluchové kmenové neuroprotézy tak,
aby lépe vyhovovala chirurgickému postupu a ana-
tomickému uspofadéni laterdlniho recesu. Nejprve
bylo zmé&néno uspofaddni a pocet elektrod - z pa-
vodniho dvacetikanilového systému s elektrodami
o priméru 0,5 mm a 2 monopoldarnimi referenéni-
mi elektrodami byl vyvinut jednadvacetikandlovy
s elektrodami o priméru 0,7 mm a jednou monopo-
larni referenéni elektrodou (obr. 1). Zvétseni pri-
méru elektrod zvySuje bezpe¢nostni limit pro
proudovou hustotu. Optimélnich zmén doznal
i dakronovy polstafek na rubové strand elektrodo-
vého souboru, ktery slouzi ke stabilizaci v priibéhu
hojeni. Pilotni multicentrick4 studie byla zah4jena
v roce 1996. I pies tidast vice evropskych center
byl narist implantovanych maly vzhledem k rela-
tivné nizkému vyskytu neurofibromatézy druhého
typu. Firma Cochlear obdrZela 18. srpna 1998
CE certifikdt pro sluchovy kmenovy implantat
CI21+1M na zékladé vysledka zminéného multi-

centrického klinického vyzkumu. Cochlear je tak
doposud jedinou formou, kterd mé4 schvileni pro
pouzivani sluchového kmenového implantdtu.
V dubnu roku 1999 bylo v Evropé implantovano
timto typem za¥izeni jiZ 52 nemocnych. Distribuci
operovanych podle jednotlivych center ukazuje graf
1(10).
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Graf 1. Distribuce implantovanych pacientd podle jed-
notlivych klinickych center v Evropé. (Nucleus
CIZ21+1M, N = 52, duben 1996.)

Ve svém zdvéru pilotni studie prokdzala, Ze
kmenova neuroprotéza je schopna zé¢dsti obnovit
sluch u subjekt s oboustrannou lezi sluchovych
nervl, kdy nelze pouzit klasicky kochledrni im-
plantat. Z celkového poétu 27 implantovanych byl
v 96,2 % vyvoldn zvukovy vjem. V&tsina implanto-
vanych nebyla schopna diferencovat slova a véty
z otevieného souboru bez odezirani. Nebylo zazna-
mendno zhorSeni pfinosu v pribé&hu delsi rehabili-
tace, spiSe naopak. Implantovani kmenovou neuro-
protézou nedosahuji takovych vysledkd jako ne-
mocni s neuroprotézou kochlearni - p¥inos p¥ipomi-
na prvni modely jednokanalovych kochledrnich
neuroprotéz. Bylo jednoznaéné prokdzédno, e kme-
novy implantat je bezpeény a rizika pro pacienta
jsou piijatelnd. K uskutetnéni ispéiného progra-
mu sluchovych kmenovych implantaci je nezbytny
zkuSeny multidisciplindrni tym sestévajici se
z neurochirurga, otochirurga, elektrofyziologa,
anestezicloga, logopeda a psychologa. DileZité
jsou zkusenosti s pfedchozim programem kochle-
4rnich implantaci. Podminkou naleZité kvalifikace
operatéra je alespori 100 provedenych uspéinych
operaci tumori sluchového nervu, zkusenosti
8 kochledrnimi implantacemi, operacemi v mozko-
vém kmeni a peroperaénim monitoringem hlavo-
vych nerva (11, 12).

ZAVER

Na Klinice otolaryngologie a chirurgie hlavy
a krku 1. LF UK IPVZ, které je statutdarnim cen-
trem kochledrnich implantaci, byla provedena prv-
ni_implantace sluchové kmenové neuroprotézy
v Ceské republice v Evrop8. Operace se uskuteéni-
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la 11 let po pFedchozim operaénim odstranéni ves-
tibuldarniho schwannomu, V priibéhu operace ani
v pooperaénim obdobi nedoslo k Zddnym zavaZnéj-

&m komplikacim. Prvni vysledky kmenové im-
plantace jsou povzbudivé, av8ak teprve ¢as ukdze
trvaly piinos sluchové kmenové neuroprotézy.
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Otoakustické emise V.

EOAE u neurinomu akustiku
a retrokochlearnich 1ézi

L LLJ
Valvoda J., Betka J., Popela¥ J. , Holcat M.
Klinika ORL a chirurgie hlavy a krku 1. LF UK a FN Motol, Praha, katedra otorinolaryngologie IPVZ, Praha,
piednosta a vedoucf katedry prof. MUDr. J. Betka, DrSe.
Ustav experimentdln{ mediciny AV'éR, Praha,
vedoucf prof. MUDr. J. Syka, DrSc.
ORL odd#lenf VFN, Praha,
vedoucf doc. MUDr. M. Hroboii, CSc.

S o u h r n: Auto¥i vyhodnotili nélezy evokovanych otoakustickych emis{ (EOAE) u 27 pacienti

s organickou i neorganickou retrokochledrn{ poruchou sluchu. Retrokochledrni léze byla dia-
gnostikovéna elektrofyziologicky (BERA) a/nebo pomoei CT/NMR vySetiend, které bylo provedeno
u vEech pacienti souboru. Pozitivn{ EOAE byly zjiEtény u 16 pacientii (69 %), nezévisle na velikosti

sluchové ztraty. U sedmi pacienti z této skupiny (
vodu &i zadn{ jAma lebn{ (6krét neurinom akustiku,
nitdlni malformaci mozedku). U jedné pacientky

44 %) &lo o organicky proces ve vnitinim zvuko-

1krét kongenitdlnf cholesteatom a 1krit konge-
lo pravdépodobné o ataku demyelinizujfciho
onemocnéni typu roztroudené sklerézy. V ostatnfch osmi piipadech bylo CI/NMR negativni. Ve
skupiné 11 osob s nevybavnymi EOAE £lo u dvou pacientti o neurinom akustiku (18 %), v ostatnich
piipadech bylo CT/NMR negativnf. U t{ pacienti s retrokochledrn{ patologif (1krit CT/NMR nega-
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