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Souhrn:

Cil: Zamerem nasi prdace bylo zhodnoceni vestibularnich a stabilometrickych
nalezii u skupiny pacientii, kteri byli indikovani k chirurgické lécbé vestibularniho
schwannomu.  Soustredili jsme se predevsim na zhodnoceni prinosu
posturografického vySetieni u pacientii s touto diagnozou.

Soubor a metodika: Soubor obsahuje 44 pacientii (19 Zen a 25 muzu), kteii
podstoupili v letech 2007-2010 chirurgické odstranéni vestibularniho schwannomu
na Klinice otorinolaryngologie a chirurgie hlavy a krku 1. LF UK a FN v Motole.
Vzhledem k tomu, zZe se jednalo o pacienty indikované k chirurgické lécbe, soubor
obsahuje velky pocet pacientii se ctvrtym stadiem onemocnéni (27). U pacientii bylo
predoperacné  provedeno  zdkladni  klinické  vestibularni  vySetreni,
elektronystagmografie a posturografie. Pro zhodnoceni jednotlivych parametrii
souboru byl pouzit t-test pro dva nezavislé vybeéry a kontingencni tabulka. Velké
mnozstvi proménnych bylo redukovano pomoci faktorové analyzy.

Vysledky: Z vysledkii vyplyva, ze parametrem, ktery je pro vestibularni postizeni
nejtypictejsi, je cas otocky, ktery byl vysetrovan v ramci posturografie. Ddle jsme
prokazali, Ze u mladsich pacientu se vyskytuje vyssi stadium tumoru.

Zaver: Nase prace potvrdila vyznam posturografického vySetieni pro sprdvné
hodnoceni vestibularni patologie u pacientii s vestibularnim Sschwannomem.
Posturografie by méla doplnovat  elektronystagmografii  jako  soucast

diagnostického algoritmu

Klicova slova: vestibularni schwannom, elektronystagmografie, posturografie,

posturdlni stabilita.



Abstract:

Aim: The aim of our study was to evaluate vestibular and posturographic findings
in patients with vestibular schwannomma before surgical removal. We aimed
especially on evaluation of posturography.

Materials and methods: The group consisted of 44 patients (19 women, 25 men),
who underwent surgical removal of vestibular schwannoma at the Department of
Otorhinolaryngology and Head and Neck Surgery, Faculty Hospital Motol, 1st
Faculty of Medicine, Charles University, Prague between 2007-2010. Due to the
fact, that all patients were indicated for surgical treatment modality, there was a
greater number of patients (27) with a large-sized tumor. Before surgery each
patient underwent clinical vestibular examination, electronystagmographic
recordings and posturography. For evaluation was used independent samples T-
test and crosstabulation. A great number of variables was reduced by factor
analysis.

Results: Statistical analysis revealed, that the most typical parameter for vestibular
pathology, is the time of the step quick turn test, which is a part of posturography.
Furthermore we proved the presence of larger tumours in younger patients.
Conslusion: Our study proved importance of posturography for propper
diagnostics of vestibular pathology in patients with vestibular schwannoma.
Posturography should be added to electronystagmography as a standard dignostic
tool.

Key words: vestibular schwanoma, electronystagmography, posturography,
postural stability.



Uvod

Vestibularni schwannom (VS) je intrakranialni extraxialni benigni nddor, ktery
vyrista v zadni jamé lebni ze schwannovych bunék VIII. hlavového nervu. Nador
postihuje nerv v misté vnitrniho zvukovodu a mostomozeckového koutu. Mistem
vzniku nddoru byva oznacovana Obersteinova — Riedlichova zona, kde dochazi
Kk prechodu centrdlniho a periferniho myelinu. Nador postihuje vestibuldrni vétve
nervu [1,2]. Tento typ tumoru tvoii 8-10% intrakranidlnich ndadorii. Nejcastéji se
onemocneéni, dle literatury, manifestuje V prithéhu ctvrté az paté dekady. Incidence
je udavana 0,7 - 1,0/100000 obyvatel/ rok [l]. Rozsah postizeni je mozné
kvantifikovat pomoci magnetické rezonance volumometricky nebo merenim rozsahu
tumoru ve tirech rovindch. V klinické praxi je casto uzivana klasifikace VS

vychazejici z Koosova déleni. Dle velikosti a Sireni VS je mozné tento typ tumoru

klasifikovat na ctyri stadia (tab.1.) [2].

Stuperi vestibuldarniho Popis
schwannomu
l. intrameatalni, intrakanalikularni Siveni

1. Sireni do mostomozeckového koutu

1. vyplituje mostomozeckovy kout

IVa. chova se expanzivne, tlaci na kmen,
mozecek, tentorium i na postranni smiseny
systém

IVb. chova se expanzivné a piisobi syndrom
nitrolebni hypertenze s méstnanim na
ocnim pozadi

Tab. 1.: Klasifikace velikosti vestibuldrniho schwannomu dle Koose

Dale je mozné delit VS dle rychlosti ristu do tii skupin. Prvni skupina zahrnuje
nadory, které nerostou nebo rostou velmi pomalu. Do druhé skupiny jsou razeny
tumory, které rostou pomalu (0,2 cm/rok) a do treti skupiny jsou razeny tumory,
které rostou rychle (vice nez 1 cm/ rok). V praxi je velice obtizné predikovat
chovani tumoru. Dle literatury ma priblizné 10% VS tendenci k rychlému rustu [3].

Dalsim, velice dillezitym aspektem této problematiky je symptomatologie,
ktera pacienta casto privede k prvnimu vySetieni. Priznaky vznikaji utlakem
sousedicich mozkovych nervii, struktur mozecku a mozkového kmene, ovlivnénim

cévniho zdasobeni nebo porusenim cirkulace mozkomisniho moku. Nejcastéji se u



pacientii vyskytuje jednostranna nedoslychavost. U 50-70% pacientit s VS byva
pritomna porucha sluchu doprovdzend tinnitem. U 10% byva pritomen pouze
tinnitus bez poruchy sluchu. Priblizne 50% pacientii udava obtize ve smyslu
vertiga. Vertigo se zpravidla objevuje na pocatku onemocnéni, poté ma tendenci
K ustupu a je nahrazeno spise pocity nestability. Obtize byvaji ve vétsiné pripadii
mirného charakteru. V priubéhu onemocnéni dochazi ke kompenzaci vestibularni
léze a minimalizaci subjektivnich obtizi. V pokrociléem stadiu onemocnéni se mohou
objevit zavaznéjsi vestibularni obtize, které pacienty znacné omezuji a maji
tendenci k setrvalému charakteru [4]. 50-60% pacientii udava cefaleu. Mezi dalsi
symptomy patri porucha inervace v oblasti V. hlavového nervu. Toto postizeni se
vyskytuje az u 25 % pacientii. Prvnim projevem této patologie byva vymizeni
kornedlniho reflexu. U 10 % pacientit je popisovano postizeni VII. hlavového
nervu. Objemné tumory mohou pusobit kompresivne na mozecek, coz miize mit za
nasledek ataxii, nestabilitu a neschopnost koordinace pohybu. Velmi vzacné
dochazi k postizeni IX. - X. hlavového nervu a ke kmenové lézi. V posledni radé je
treba zminit skupinu pacientii, u kterych je VS asymptomaticky a byva nahodnym
nalezem pri vySetieni magnetickou rezonanci [5, 6].

Zakladem stanoveni spravné diagnozy je provedeni magnetické rezonance
se zameérenim na mostomozeckovy kout a vnitini zvukovod. DuleZitou soucasti je
neurologické vysSetreni zamérené na funkci vestibularniho aparatu, na posouzeni
pritomnosti mozeckovych priznakii a priznaku postizeni hlavovych nervi. Dale je
provadeno klinické ORL vySetieni, véetne subjektivni audiometrie a vySetreni
kmenovych evokovanych potencialii (BERA -Brainstem Evoked Responses
Audiometry), které slouzi k verifikaci suprakochledrni léze.V ramci vysetreni
vestibularni patologie u pacientut s VS jsou provadeny specialni elektrofyziologické
testy. Mezi  bezné  pouzZivané  testy  patii  elektronystagmografie
Elektronystagmografie je metoda pouzivana k hodnoceni vestibulo-okularniho
reflexu a okulomotoriky. K registraci pohybu oka vyuziva zdznam pohybu
elektrického dipolu ocniho bulbu, s elektropozitivni korneou a elektronegativni
retinou mezi elektrodami [7]. Novéji se pouzivd registrace pohybu oka pomoci
videonystagmografie. Dalsi metodou z této skupiny testu, ktera nebyva standardné
soucdsti diagnostického algoritmu u pacientii s VS, je posturografie. Posturografie
hodnoti vestibulospinalni reflexni okruh a v klinické praxi je vyuZivana pro

objektivizaci poruchy stability. Prestoze se jednd o metodu senzitivni k porucham
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stability stoje, vykazuje pomeérné malou diagnostickou specifitu a neumoznuje
odlisit jednotlivé typy vestibularniho postizeni [8]. V priibéhu vysetieni pacient
stoji na tenzometrické plosiné, ktera meri jednotlivé slozky tlakovych sil a jejich
momenty. Z namérenych hodnot je posturograf schopen detekovat piisobiste
[9]. Tato metoda miize byt vyuZita i v rehabilitaci pacientit po odstranéni VS [10].
Mezi dalsi elektrofyziologické testy vestibuldarniho apardtu patri vysetieni
vestibularnich evokovanych myogennich potencialii, které testuji — prevazné
otolitovy systéem. U nas se tato metoda teprve zavadi a neni soucasti standardniho
vySetrovaciho schématu. Dalsi vySetreni provadeénd v ramci diagnostiky rozsahu
postizeni vestibularniho aparatu jsou napriklad vySetreni subjektivni zrakové
vertikaly, které vypovida o funkci otolitového systému, fotografie ocniho pozadi a
vySetreni dynamické zrakové ostrosti. [7, 11, 12].

Lécba VS vychazi z klinického ndlezu, velikosti tumoru a jeho tendenci k
riustu. Vramci lécebného postupu existuji tri moznosti. U pacientii s malym
tumorem, u kterych neni deteriorovan sluch nebo u pacientu, kde byvaji ostatni
reseni kontraindikovana celkovym stavem pacienta, je metodou volby observace.
[13]. Dalsim pristupem je stereotaktickd radiochirurgie — napriklad Lekselliv
gamma niiz nebo X- niiz. Tato lécebnd modalita je vyuzivana predevsim u malych
tumori. Velkou vyhodou je kratka doba léecby [14]. Negativem tohoto postupu je
napriklad pouhé zastaveni riistu tumoru, riziko zhorSeni sluchu a postizeni
hlavovych nervi. Treti lecebnou moznosti je chirurgicka léecba. Cilem chirurgické
lécby je radikalni odstranéni tumoru s Zddnym nebo minimadlnim postizenim
okolnich struktur. Mezi specificka rizika této lécebné modality patri napriklad
ztrata sluchu, porucha funkce VII. hlavového nervu, likvorea, porucha rovnovahy a
poruchy dalsich hlavovych nervii [15]. Paklize se podari odstranit tumor radikalne,
riziko recidivy je minimalni (1 - 0,1 %) [1]. Vzhledem k lokalizaci vestibuldrniho
schwannomu a odlisnému terapeutickému pristupu u jednotlivych stadii tohoto
onemocnéni, vyzaduje Feseni této problematiky interdisciplinarni pristup.

Zamérem nasi prace bylo retrospektivni hodnoceni
elektronystagmografickych a posturografickych ndlezii u skupiny pacientu, kteri
byli indikovani k chirurgické lécbe VS. Zajimala nas predevsim vyuZitelnost

posturografie pro zakladni diagnosticky algoritmus u pacientit s VS.



Soubor a metodika

Retrospektivné jsme hodnotili soubor pacientii, kteii podstoupili v letech 2007-2010
chirurgické odstranéni VS na Klinice otorinolaryngologie a chirurgie hlavy a krku
1. LF UK a FN v Motole v Praze. Ve zminéném obdobi podstoupilo
mikrochirurgickou lécbu 116 pacientii. Studovany soubor obsahuje 44 pacientii, z
toho 19 Zen a 25 muzii. Prumérny vek pacientii byl 45,4 let. Nejmladsimu

pacientovi bylo v dobé vysetieni 19 let a nejstarsimu 74 let (graf 1.).
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Graf. 1. Vékové rozloZeni souboru

V hodnoceném souboru se pouze v jednom pripadeé vyskytoval VS velikosti
odpovidajici prvnimu stadiu. Pacienti s tumorem odpovidajicimu druhému stadiu
bylo 10 a tretimu stadiu Sest. Nejvice bylo pacientii s rozsiahlym tumorem
odpovidajicim ctvrtému stadiu, a to 27. Nejmensi tumor méril v priiméru 11 mm a
nejvetsi 54 mm. U 26 pacientii byl tumor lokalizovan vlevo a u 18 pacientii vpravo.
41 pacientii mélo prokazanou poruchu sluchu na strané léze a 37 pacientii udavalo
tinnitus. 33 pacienti udavalo anamnesticky vestibularni obtize. U ctyr pacientil
byla patrna léze V.hlavového nervu a u jednoho léze VII. hlavového nervu.
Rozlozeni souboru a malé procento drobnych tumorii je dano vybérem pacientii na
zdejsim pracovisti, kteri byli vzhledem ke klinickému ndlezu, velikosti tumoru,
pripadné progresi jeho riistu, indikovani k chirurgickému reseni.

U vsech pacientii v souboru bylo predoperacné provedeno zadkladni klinické

vestibularni vysetieni (hodnoceni pritomnosti spontdanniho nystagmu s pouZzitim
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Frenzelovych bryli, vysetreni tonickych vestibuldrnich uchylek, vysSetFeni stoje a
chuize, head shaking test a vysetreni subjektivni vertikaly). Dale byla provedena
elektronystagmografie a posturografie. Z celkového souboru pacientii jsme nemohli
Z divodu klinického stavu (vyrazny vegetativni doprovod, neschopnost stoje bez
dopomoci, intolerance vySetrovacich metod) kompletné provést posturografické a
elektronystagmografické vysetreni u dvou pacientii. V ramci elektronystagmografie
byli t7i pacienti zarazeni do kategorie nehodnotitelné z duvodu vyskytu artefaktu,
které znemoznily pocitacové zpracovani signalu. Jednotliva vysetieni byla
provadena standardizovanym postupem — vSechna elektronystagmograficka a
posturografickd vysetreni byla provadéna a hodnocena jednou vysetiujici osobou.

Elektronystagmografie byla provedena na ctyrkandalovém
elektronystagmografu (Toennies Nystagliner, SRN). Standardizovana metoda
elektronystagmografického  vySetreni  zahrnovala  vySetieni  spontanniho
pohledového nystagmu (°), plynulych sledovacich pohybu ocnich (kvalitativni
nepravidelnost - stadium I-1V), optokinetického nystagmu (gain, symetrie,
pravidelnost) a provokovanych vestibuldrnich nystagmiu (rotacni testy, kalorizace),
u kterych jsme za hyporeflexii povazovali stranovou odchylku >20 %. Pro
posouzeni stupné postizeni u pacientii s VS jsme zvolili dveé kritéria charakterizujici
periferni a centrdlni vestibularni syndrom. Kritériem pritomnosti periferniho
vestibularniho postizeni byla kalorickd nebo rotacni hyporeflexie. Kritériem
centralniho postizeni byla pritomnost abnormity plynulych sledovacich pohybii
ocnich a poruchy visuo-vestibuldarni interakce. Plynulé sledovaci pohyby ocni byly
pro ucely nasi studie kvantifikovany dle tize patologie do ctyr skupin (1. skupina —
nalez v normeé, 2. skupina drobné nepravidelnosti sledovacich ocnich pohybii, 3.
skupina- hrubé nepravidelnosti, misty az rozpad, 4. skupina — rozpad sledovacich
ocnich pohybii). Na zaklade zjistenych vysledkii jsme elektronystagmografické
nalezy rozdélili do syndromologickych kategorii: periferni, centrdlni a smiSené
vestibularni postizeni. Vzhledem k tomu, zZe konkrétni stadium VS predpoklada
urcity typ vestibularniho postizeni, vyuzili jsme toto rozdéleni pro korelaci se
stadiem tumorul.

Posturografické vysetreni bylo provedeno na plosine BalanceMaster
(NeuroCom International, USA) se vzorkovaci frekvenci 100Hz. U pacientii byla
provedena baterie testu, kterda zahrnovala tri zakladni vysetieni: 1. stoj na pevné

podloZce s otevienyma a zavienyma ocima, stoj na penoveé podlozce s otevienyma a

10



zavienyma oc¢ima, 2. otocku v prostoru, 3. tandemovou chiizi (chiize pata spicka).
rychlost otocky (s), vychylky téziste pri otocce doprava a doleva (°/s), stranova
diference (%), rychlost kroku (cm/s) a jeho sirka (cm), vychylky pri zastaveni (°/s)
Zjistena data byla statisticky zpracovana pomoci programu SPSS Advanced
Statistics (IBM, USA). Pro zhodnoceni jednotlivych parametrii souboru byly vyuzity
nasledujici statistické metody. Pro zjisteni souvislosti véku s velikosti tumoru byl
pouczit t-test pro dva nezavislé vybery Pomoci kontingencni tabulky jsme zjistovali,
zda a pripadné jak miize velikost tumoru souviset s typem vestibuldarni patologie.
Vzhledem k mnozstvi proménnych, které popisuji hodnoty jednotlivych vySetreni,
Jjsme se rozhodli pro jejich redukci pomoci faktorové analyzy. Cilem explorativni
faktorové analyzy je seskupit merené promeénné (na zakladeé jejich korelaci) tak, aby
byly urceny skupiny promennych, za kterymi stoji spolecny faktor (latentni

proménnda). Jako metodu extrakce faktoru jsme pouzili metodu Varimax.
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Vysledky

Souvislost velikosti nadoru s vékem

Pacienti byli rozdéleni do dvou skupin podle velikosti nadoru (mensi nadory
zahrnujici prvni a druhé stadium, vétsi nadory zahrnujici treti a ctvrté stadium).
Porovnali jsme primérny vék t-testem pro dva nezavislé vybéry. Primérny vek
pacientii s mensimi nadory (54,8 let) se statisticky vyznamne lisi od priumeérného
veku pacientii s vétsimi nadory (42,3 let). P-hodnota je 0.007. Souvislost stadia

S vekem tedy v nasem souboru existuje (graf 2.)
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Graf 2.: Souvislost velikosti nadoru s vékem.

Elektronystagmografické nalezy

Na zaklade elektronystagmografického vysetieni byla u kazdého pacienta
stanovena syndromologicka diagnoza (periferni, centrdlni, kombinovana
vestibularni léze). U pacienta s prvnim stadiem tumoru nebyla pritomna mozeckova
symptomatika, ale ndlez nebylo mozné vzhledem k cetnym artefaktim kompletné
interpretovat. Vzhledem k tomu, Ze tato skupina citd pouze jednoho pacienta s timto
nalezem, byly v ramci této problematiky statisticky analyzovany a porovnany pouze
skupiny pacientii s druhym az ctvrtym stadiem onemocnéni. Ve druhém stadiu byl

jeden pacient bez vestibularni patologie a u osmi pacientii jsme popsali periferni
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vestibularni lézi. Ve tretim stadiu byli ctyri pacienti bez vestibularni patologie a
jeden nalez byl zarazen pro Cetné artefakty do kategorie nehodnotitelné. Ve skupiné
pacientii se ctvrtym stadiem tumoru byly tri nalezy v normé, u 12 ti pacientii bylo
popsano periferni vestibularni postizeni, u ctyr pacientu jsme popsali centralni
vestibularni lézi a u osmi kombinované vestibularni postizeni. Pomoci kontingencni
tabulky jsme zjistovali, zda, pripadné jak mize stadium tumoru souviset s typem
vestibularni patologie, ktera byla zachycena pri elektronystagmografickém
vySetieni. Porovnavame-li obsazeni kategorii stadia tumoru a typu patologie,
zjistujeme, Ze tyto dvé promeénné nejsou asociovany tak, jak bychom ocekavali
(vys$si stadium by odpovidalo rozsahlejsimu vestibularnimu postizeni). Prekvapivym
nalezem bylo, Ze Ctyri pacienti se tretim stadiem tumoru maji nalez v normé
(nahodé by odpovidal jediny pacient a pozitivni souvislosti tedy nejvySe jediny
pacient). Oproti ocekavani se nepotvrdilo, Ze vysSi stadium tumoru odpovida

rozsahlejsimu vestibuldrnimu postiZeni.

Posturografické ndlezy

Vzhledem k mnozZstvi ziskanych parametrii jsme se rozhodli pro redukci
promennych metodou faktorové analyzy. Vysledky faktorové analyzy dat jsou
shrnuty v tabulce ¢. 2. Nejzajimavéjsim zjisténim jsou vysledky posturografického
vySetreni. Analyza dat prokadzala, ze prvni faktor — nejvyraznéjsi latentni proménna
ve zkoumané diagnoze - je cas otocky vpravo a cas otocky vlevo s faktorovymi
zatezemi 0,976, resp. 0,873 (limitni hodnota faktorové zatéze je 1). V prvnim
faktoru ma vysokou zatez i vychylka tezisté pri otoceni doprava. Vzhledem k tomu,

Ze zatez vychylky pri otoceni doleva je v prvnim faktoru mdlo vyrazna, dalsim

Vvoev
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Faktor

VySetifovany parametr 1 2 3 4 5 6
Cas otoCky vpravo -1,330| -0,069 | -0,081| 0,021 | -0,070
Vychylky pii otoc¢eni
doprava 0,898 0,364| -0,023| -0,022| 0,087| 0,075
Cas otocky vlevo 0,873 -0,351| -0,138| -0,260| 0,094| -0,120
Vek 0,661 0,052| 0,043| -0,614| -0,172| -0,149
Vychylky pti zastaveni 0,595 0,440| 0,494| 0,075]| -0,427 | -0,107
Stoj — pramér -0,065| 0,97/6| 0,107| 0,103| 0,076| -0,088
Stoj na pénové podlozce
(zaviené oCi) -0,067| 0,964| -0,075| 0,052| 0,073 -0,198
Maximalni rozmér tumoru | -0,537| 0,568| 0,057| -0,063| -0,146 | 0,558
Stoj na pénové podlozce
(oteviené oCi) 0,191| 0,286| 0,919| -0,126| -0,082| 0,121
Rotacni testy vpravo -0,330| -0,117| 0,708| 0,282| 0,338| 0,329
Gain horizontalni -0,417 | -0,524| 0,702| -0,186| -0,035| -0,128
Gain vertikalni -0,275| -0,411| 0,647| 0,510| -0,270 | -0,005
Rotacni testy vlevo -0,054| 0,331 -0,103| 0,891 | -0,267 | -0,036
Stoj na pevné podloZce
(oteviené oci) -0,390 | 0,188| 0,335| 0,734| -0,073| 0,107
Sitka kroku -0,594 | 0,329| 0,086| -0,690| -0,118 | -0,012
Vychylky pfii otoceni
doleva 0,419| 0,076| -0,074| -0,028| 0,894| -0,061
Rychlost kroku -0,440| 0,187 -0,003| -0,286 | 0,806| 0,076
Rozdil vychylek pfti
otoceni -0,170| -0,361| 0,020, 0,018| -0,114 [ 0,906
Rozdil ¢ast otocky 0,120| -0,061| 0,233| 0,074| 0,613| 0,739
Stoj na pevné podloZce
(zaviené oCi) 0,092| 0,510 0,560 0,182| 0,247| 0,568

Tab. 2.: Matice faktorovych zdtéZi ziskand rotaci varimax
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Diskuze

Primeérny vék pacientii v nasem souboru je 45,4 let, coz je v souladu s daty
udavanymi v literature [16, 17, 18]. Pro vyssi statistickou vyznamnost jsme
rozdelili soubor na pacienty s mensim a vétsim tumorem. Prokdzali jsme statisticky
vyznamny rozdil mezi prumérnym vekem skupiny s mensim tumorem (54,8 let) a
vetsim tumorem (42,3 let). Tento fakt je v souladu s prameny, které uddavaji vyssi
incidenci velkych tumoru, které jsou spojeny s pomérné casnou manifestaci
klinickych priznakii a rychlym ristem tumoru u mladsi populace [19]. Vyssi vyskyt
drobnych a intrameatalné rostoucich tumorii je popisovan spise u starsi populace
[20]. Jako dalsi mozné vysveétleni prichdzi v uvahu kompenzacni mechanismy, které
jsou vekem alterovany. Domnivame se, Ze z tohoto ditvodu miize dojit u starsich
pacientii k casnéjsi manifestaci symptomu, které je privedou k lékari.

U pacientit s VS je standardné pred planovanym chirurgickym vykonem
provadéna baterie vySetreni a testii, kterd zahrnuje zobrazovaci metody,
neurologické vysetreni, vysetieni funkce licniho nervu, otorinolaryngologickée
vySetieni, audiometrické vySetieni vcetné nadprahovych testu a klinické
vestibularni vySetreni doplnéné o elektronystagmografii. V literature byva uvadena
souvislost elektronystagmografickych nalezii se stadiem tumoru [16, 17 ]. V nasem
souboru se jasna korelace neprokazala. Tuto skutecnost si vysvetlujeme tim, ze
nami hodnoceny soubor obsahoval pouze vybrané pacienty, kteri byli indikovani
K chirurgickému reseni. V tomto pripadé mohou byt vysledky modifikovany cilovou
skupinou pacientii, kterd nereprezentuje priumeérny soubor tumori se standardnim
rozlozenim charakteristik.

U pacientu s touto diagnozou nebyva posturografické vysetieni standardné
zarazovano do diagnostického schématu. Zajimalo nas, jaké parametry vySetreni
jsou nejtypicteji s postizenim asociovany. Zajimavym nalezem, je zjisténi, Ze se
jedna o cas otocky doleva a doprava (faktorové zateze 0,976, resp. 0,873). V
doposud publikované literature jsou prdace zabyvajici se u pacienti sVS
dynamickou posturografii [21, 22]. Nenasli jsme ale Zadné odkazy na prdce, které
by resily primo problematiku vysetreni parametru casu otocky. Otocka predstavuje
komplexni pohybovy déj, ktery zahrnuje zmeénu polohy hlavy v prostoru, pri které
dochazi ke stimulaci prevazné lateralnich polokruhovych kandlkii. Tim se tento test
lisi od dynamicke posturografie, kde je pohyb pouze translacni nebo nedochazi

K stimulaci vestibuldrnich senzorii vitbec. Pri horizontdlnim pohybu hlavou dochdzi
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U pacienti s vestibularni abnormitou k posturalni nestabilite. Vzhledem
K vysledkiim nasi prace, se nabizi toto vySetieni jako mozny jednoduchy klinicky
test, ktery by mohl zvysit citlivost diagnostiky poruchy vestibulo-spinalniho reflexu
u pacientu s vestibularni lézi, zejména vyvolanou pomalu se rozvijejici patologii
(tumorem). Cas otocky doprava a doleva miize byt vySetien i bez kompletniho
stabilometrického vysetreni. Peclive provedené klinické vysetreni chiize rozsirené o
vySetieni otocek a méreni jejich casu by mohlo vyznamnym zpusobem zpresnit
diagnostiku vestibularnich lézi. V ramci prospektivni studie planujeme ovérit

Vyuziti zjistenych zaveri pri klinickém vysetreni vestibulospinalniho reflexu.

Zaveér

Diagnoza VS je v soucasnosti zalozena predevsim na vysledcich zobrazovacich
metod (MRI). Elektronystagmografické a posturografické vysetieni hodnoti funkcni
stav vestibularniho aparatu a upresnuji klinicky rozsah postizeni. Spolu s
vySetienim sluchu, elekromyografii licniho nervu a neurologickym vySetienim
umoznuji zhodnotit funkcni stav anatomickych struktur, které mohou byt postizeny
VS. Znalost téchto ndlezii je duleZita nejen pro stanoveni diagnozy, ale i pro
individualizaci strategie pooperacni péce, zejména rehabilitace. Analyzou vysledkii
souboru pacientii s VS jsme prokdzali, Ze nejtypictéji je s postizenim asociovan cas
otocky, ktery je hodnocen pri posturografii. Tento dynamicky parametr poruchy
vestibulo-spindlniho reflexu by mél byt standardni soucasti vestibuldrniho
vySetreni. Dale jsme prokazali, ze v nasem souboru se u mladsich pacienti
vyskytuje vyssi stadium tumori. Jako mozné vysvetleni se nabizi rozdilna uroven

kompenzacnich mechanismu, které mohou byt u starsich pacientii zhorseny.
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Abstract We analyzed the effect of 2-week individual-
ized visual feedback-based balance training on the postural
control of patients undergoing retrosigmoid microsurgical
removal of vestibular schwannoma. We performed pro-
spective evaluation of 17 patients allocated into two
groups: feedback group (9 patients, mean age 37 years) and
standard physiotherapy group (8 patients, mean age
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44 years). Patients in both the groups were treated once per
day by intensive rehabilitation from 5th to 14th postoper-
ative day. Rehabilitation of patients in the feedback group
was performed using the visual feedback and force plat-
form. Results were evaluated on the beginning and at the
end of rehabilitation program (e.g. 5th and 14th postoper-
ative day). Outcome measures included posturography
during quiet stance under four different conditions by the
modified Clinical Test for Sensory Interaction of Balance.
Body sway was evaluated from center of foot pressure.
Compensation of Center of pressure (CoP) parameters in
stance on firm surface was similar in the control and
feedback groups. However, in stance on foam surface with
eyes closed the patients from the feedback group were
better compensated and CoP parameters differed signifi-
cantly (p < 0.05). This prospective clinical study suggests
that specific exercises with visual feedback improve ves-
tibulospinal compensation in patients after vestibular
schwannoma surgery and thus can improve their quality of
life.

Keywords Vestibular schwannoma -
Vestibular rehabilitation « Visual feedback -
Center of pressure - Posturography - Quality of life

Introduction

Vestibular schwannomas are benign, slowly growing
tumors that arise from the Schwann cells of the superior or
inferior vestibular nerves. Tumor growth may result in
sensorineural hearing loss, tinnitus, instability and cranial
nerves lesion. Continuous expansion may eventually lead
to brain stem compression, hydrocephalus with intracranial
hypertension and finally to death. Management options
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include observation, stereotactic
microsurgery.

Microsurgery is mainly indicated in large and growing
tumors, tumors with annoying symptomatology (vertigo,
tinnitus) and according to the patient’s preference. With
improvement of microsurgical technique incidence of
permanent complications decreased. Facial nerve dys-
function is rare and hearing preservation is possible in the
significant proportion of cases [1, 2]. There is still risk of
developing balance problems after the surgery, but most
patients recover well. Vestibular compensation follows
tumor removal and deafferentation. Different factors can
influence speed and level of compensation as well. This
process takes typically from weeks to months. In some
patients it is never completed and resulting balance prob-
lems represent significant difficulties in daily activities
affecting seriously their quality of life [3-5].

Human experiments have shown that central vestibular
compensation of unilateral peripheral vestibular lesions can
be improved by vestibular exercise [6]. Thus, evidence is
available to support the use of vestibular rehabilitation after
vestibular schwannoma surgery [7, 8]. Visual feedback
represents a promising method of vestibular rehabilitation.
However, there is a lack of data whether visual feedback-
based balance training can improve the postural stability
after vestibular schwannoma surgery. The aim of this study
was to evaluate the effect of a 2-week individualized visual
feedback rehabilitation exercise on the postural control in
patients having undergone vestibular schwannoma surgical
removal.

radiosurgery  and

Patients and methods

In the period from January 2007 to July 2009 the 69
patients underwent vestibular schwannoma surgery at the
Department of Otorhinolaryngology and Head and Neck
Surgery, Faculty Hospital Motol, 1st Faculty of Medicine,
Charles University, Prague. All the patients were operated
by the same team of surgeons, using the retrosigmoid-
transmeatal approach in the supine position. Microsurgical-
endoscopy assisted techniques with intraoperative neuro-
monitoring were used. Radical removal of tumors was
achieved in all cases. Section of both vestibular parts of 8th
cranial nerve was performed even in the cases where
continuity could be preserved.

As much as 17 (24.6%) out of 69 patients entered the
study. Of these there were 13 men and 4 women, their age
varied from 19 to 62 (mean age 40.5 years). There were
three tumors in grade 2, five tumors in grade 3 and nine
tumors in grade 4a. The indication for microsurgical
removal of all small tumors (grade 2) was proven growth
according to the repeated magnetic resonance imaging.
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All the patients underwent examination of vestibular
system before the surgery. Vestibular examination con-
sisted of (1) clinical examination, (2) electronystagmog-
raphy (spontancous nystagmus, gaze directional test,
saccades, smooth pursuit, caloric test and head shaking
test), (3) subjective visual vertical and (4) posturography.
The body sway during posturography was quantified by
displacement of the Center of foot pressure (CoP) in the
anterior—posterior (AP) and medio-lateral (ML) directions.
Tested subjects stood on a commercial force platform
(Balancemaster, Neurocom International, Inc., Clackamas,
Oregon, USA). All the subjects were tested by the modified
Clinical Test for Sensory Interaction of Balance consisting
of four different conditions of quiet stance: stance on firm
surface with eyes open (EQO), stance on firm surface with
eyes closed (EC), stance on foam surface with eyes open
(FEO) and stance on firm surface with eyes closed (FEC)
[9, 10]. The subject’s feet were positioned 15-cm apart. If
the feet moved at any time during the test, they were
repositioned and the test was repeated.

Prior to the surgery the patients were randomly assigned
to one of the two rehabilitation groups (9 in the feedback
group and & in the standard physiotherapy) (Table 1). All
the patients with a proven preoperative vestibular loss, with
central nervous system or other musculoskeletal system
deficits were excluded from the study. The study was
performed in accordance with the Helsinki Declaration.
The study protocol was approved by the local ethical
committee, and all patients gave their informed consent.

Rehabilitation program took place at the Department of
Rehabilitation and Exercise Medicine, 2nd Faculty of
Medicine, Faculty Hospital Motol, Charles University,
Prague. Patients in both the groups were treated once per
day by intensive rehabilitation, which started on 5th post-
operative day. Standardized rehabilitation protocol was
performed by the same experienced physiotherapist in all
the patients. Participants in feedback group were treated by

Table 1 Patient and tumor characteristics of the two different groups
of patients undergoing visual feedback (feedback group) and standard
physiotherapy (control group) of vestibular rehabilitation after ves-
tibular schwannoma surgery (feedback group and control group)
shown as mean =% standard deviation (range)

Feedback group Control group

Age (years) 37 £ 10 (19-56) 44 £ 12 (26-62)
Tumor size (mm) 24 + 5 (18-35) 27 + 6 (18-37)
Tumor grade

2 1 2

3 2 3

4a 4 5

Male 8 5

Female 1 3
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rehabilitation using visual feedback (Balancemaster, Neu-
rocom Internacional, Inc., Clackamas, Oregon, USA).
During the training participants stood on a force platform
and were instructed to shift their CoP represented by a
cursor on a monitor screen in indicated directions. Various
exercises were used to target different aspects of balance
function, namely steadiness, symmetry and dynamic sta-
bility (e.g. a patient stood with feet shoulder-width apart
with eyes open, looking at a monitor screen and shifting the
body weight to place the cursor into targets marked on the
monitor—Fig. 1). Patients in the control group received
rehabilitation without feedback. The design of exercises
was identical to the feedback group. Moreover, the patients
in both groups received vestibular adaptation exercises
designed to increase vestibulo-ocular gain. During these
exercises patients performed horizontal and vertical head
movements while maintaining visual fixation on a target
placed either within arm’s length or across the room. The
duration of each treatment was increased gradually—from
5 min to 40 min on the day of discharge, which was either
the 14th or 15th postoperative day. During the hospital stay
the patients were monitored each day for better compliance.

All patients after the surgery have undergone regular
follow-up with clinical examination 1, 3, 6 and 12 months
after the surgery. The control MRI scans were scheduled 3

Fig. 1 Rehabilitation using visual feedback
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and 12 months after the surgery and then annually.
According to the MRI all patients remain in remission.
Significant postoperative changes in the region of cere-
bellum among all the patients were not observed in both
groups. As much as 16 out of 17 patients returned to their
work activities including the professions that necessitate
good balance function (e.g. policeman, woodcutter or
actor) the remaining 1 patient was retired. All patients
returned to their previous daily activities including the
sports that necessitate good balance function (e.g. motor-
biking, biking, skiing or climbing).

The patients were examined before the surgery then on
the beginning of the rehabilitation program (5th postoper-
ative day) and on the day of discharge (14th postoperative
day). The following CoP parameters were calculated during
each trial: velocity of CoP in antero-posterior (V,p) and
medio-lateral (Vi) directions as described by Prieto et al.
[11]. Amplitudes of CoP in antero-posterior (Asp) and
medio-lateral (Apy) directions, root mean square (RMS),
line integral (LI) and total area (TA) were quantified from
the CoP path as described by Hlavacka et al. [12]. Cus-
tomized software MATLAB (The MathWorks, Inc., Natick,
Massachusetts, USA) was used to quantify body sway. The
CoP parameters were evaluated in eyes closed to eliminate
the visual contribution and while standing on a foam surface
to reduce the contribution of foot-ankle proprioception.

Statistical analysis

Since the sway data did not have a normal distribution, the
Wilcoxon signed rank test (a nonparametric test analogous
to the paired ¢ test) was used to analyze this data. The level
of confidence was p < 0.05.

Results

We evaluated six standard [11, 12] CoP parameters in the
course of postoperative rehabilitation after vestibular
schwannoma removal. We compared data of standard
rehabilitation with visual feedback-based training. The two
groups of patients did not differ in the mean age (feedback
group: 37 &+ 10 years; control group: 44 + 12 years
[mean £ SD]) or tumor size (feedback group: 24 + 5 mm;
control group: 27 & 6 mm [mean £ SD]). However, their
sex varied.

The analysis of the studied parameters in both groups
before the rehabilitation training did not show any signif-
icant differences as tested on firm and foam surfaces with
eyes closed, measured by all CoP parameters.

After the 2-week rehabilitation exercise compensation
of CoP parameters in stance on firm surface with eyes
closed was similar in control and feedback groups.
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Table 2 Comparison of center of foot pressure (CoP) parameters
during posturography in patients undergoing visual feedback reha-
bilitation (feedback group) and standard rehabilitation (control
group), shown as mean =+ standard deviation

CoP parameters Feedback group Control group p values
App (cm) 62+ 43 8.0 + 0.6 0.277
Amr (cm) 6.2 = 4.5 119 £ 4.7 0.021
Vap (cm s7") 133 £42 192 £ 4.1 0.008
Vyr (em 571 57+28 83+ 14 0.059
LI (cm) 1543 + 56.8 2249 £+ 449 0.015
TA (cm?) 133.3 £ 94.7 2734 £73.2 0.011
RMS (cm) 2.6+ 1.1 4.1 +£0.75 0.027

Measured CoP parameters: velocity of CoP in antero-posterior (Vap)
and medio-lateral (V) directions, amplitudes of CoP in antero-
posterior (A,p) and medio-lateral (A ) directions, root mean square
(RMS), line integral (LI) and total area (TA) quantified from the CoP
path

Significant differences of the studied parameters
between the feedback and control groups were observed
after 2-week rehabilitation exercises. Patients in the group
of visual feedback-based rehabilitation program demon-
strated significant difference in amplitude of CoP in medio-
lateral direction (p = 0.021), velocity of CoP in anterio-
posterior direction (p = 0.008), line integral (p = 0.015),
total area (p = 0.011) and root mean square (p = 0.027)
tested on foam surface with eyes closed (Table 2).

The assessment of stance on foam surface with eyes
closed had proven better compensation in patients in the
feedback group too (Figs. 2 and 3) and CoP parameters
differed significantly.

Reviewing the results, we found statistically significant
improvement in 5 out of 7 CoP parameters (Ayg, Vap, LI
TA, RMS) during stance on foam surface with eyes closed
after 10 day training period.

Discussion

In this prospective study, we compared results of two dif-
ferent strategies for early vestibular rehabilitation after
vestibular schwannoma surgery (visual feedback rehabili-
tation and standard physiotherapy rehabilitation). This
study showed that after 2 weeks of exercises subjects
receiving visual-based rehabilitation treatment had better
postural control than those receiving only rehabilitation
without feedback.

Vestibular schwannoma resection induces several com-
mon complaints, such as hearing loss, tinnitus, facial nerve
dysfunction, headache and balance problems [4, 13—15]. In
the literature, the frequency and impact of these symptoms
vary considerably, but the growing awareness of quality of
life issues has drawn more attention to these postoperative
problems [3]. Balance problems are most apparent in the
acute stage after vestibular schwannoma surgery and usu-
ally improve gradually over time. Despite the trend for
improvement of vestibular lesion, balance problems are
reported by the majority of patients after wvestibular
schwannoma surgery and are associated with decreased
quality of life. Some factors have been identified that may
contribute to a poor recovery e.g. age and sex, central
vestibular dysfunction, size of tumor, progressive and
intermittent vestibular pathology, physical and psycholog-
ical factors including orthopedic, neurological cardiovas-
cular disorders, impairment of vision, anxiety and
depression [3]. There is evidence available to support the
use of vestibular rehabilitation after surgery for vestibular
schwannoma [7, 8]. Vestibular rehabilitation is recom-
mended for these patients during the acute postoperative
period to speed up vestibular compensation. Rehabilitation
using visual biofeedback for postural control can reduce
sway during stance and improve postural control. There is a
lack of knowledge of how visual feedback can speed up
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(TA) and line integral (LI) in 500 T 400 S=0015
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feedback rehabilitation 400 e o500
(feedback) and standard o
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= 8 8 9 9 N= 8 8 9 9
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improvement of the balance abilities of people after ves-
tibular schwannoma surgery.

Originally, we assumed that subjects given visual
feedback exercises would recover faster, as indicated by
differences on the posturogmphy measurements. Careful
analyses of these data using appropriate statistical tech-
mgues provided suppont for that hypothesis.

As differences between the groups with respect o the
de gree of peripheral vestibular hypofunction resulting from
the tumar, and central compensation prior o surgery woubd
have complicated the interpretation of the results consid-
erably only patients without proven préopemtive vestbular
loss enrolled the stdy. Other factors (e.g. centml nervous
systemn or other muscul oskeletal system deficits) that could
interfere with prmocess of rehabilitation were used as an
exclusion criterion, too. Thus the main limitation of our
study is the relatively limited number of patients. Our two
groups did not differ in the twmor size and preoperative
vestibular function test. Furthermore, patients perceived
the same amount of postural sway before sumgery and no
significant di fferences between preoperative posturography
test results could be observed.

From the clinical point of view our findings strongly
support empirical prescription of eady vestibular rehabili-
tation after vestibular schwannoma surgery. The observed
mesults of this siudy support emplovment of visnal feedback
exercises into the rehabilitation program n patients with a
unilateml peripheral vestibular lesion. Based on the pre-
sented data, we recommend visual feedback for patients in
acute stage after vestibular schwannoma sumgery.

Conclusion

This prospective randomized clincal study suggests that
specific exercises with visual biofeedback improve wves-
tibulospinal compensation in patients after vestibular
schwannoma microsurgical removal. As balance problems
after surgical treatment reprasent significant factor affect-
ing quality of life further studies to improve strategies for
vestibular compensation in these patients are nesded.
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