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RESUMO

Introdugédo: Hiperintensidade focal no dorso do tronco encefélico (HDT) foi
descrita em casos de tumores do &angulo pontocerebelar com grandes di-
mensdes, supostamente relacionado a degeneragao dos nucleos vestibulares,
porém a sua significancia funcional ainda n&o foi completamente investigada.
Nosso objetivo foi analisar sua relagcédo com as caracteristicas de imagem dos
tumores e das estruturas do ouvido interno, assim como com testes funcionais
vestibulococleares. Schwannomas do nervo intermédio (Sl) sdo raros, e foram
descritos mimetizando schwannomas faciais mas ndo schwannomas vestibu-
lares (SV). Como objetivo secundario foi realizada uma revisédo dos casos de
schwannomas do nervo intermédio e facial em nossa amostra e comparado
com a literatura. Métodos: Foram revisados retrospectivamente 54 casos com
diagndstico histopatolégico de schwannoma vestibular. Caracteristicas na res-
sonancia magnética (dimensdes, morfologia cistica e distédncia da abertura co-
clear); razdo da intensidade de sinal das cocleas e vestibulos nas sequéncias
FLAIR e FIESTA/CUBE; e testes de fungao vestibulococlear (audiometria, po-
tencial evocado auditivo de tronco encefalico e teste do impulso cefalico com
video-oculografia) foram realizados. Analises estatisticas foram realizadas para
avaliar a relacao dos testes empregados com a presenca da HDT. Foi realizado
também uma revisdao de escopo dos schwannomas do nervo intermedio se-
guindo as normatizagdes internacionais. Resultados: HDT foi encontrada em
22% dos casos de SV. Houve uma associagao estatisticamente significativa
entre tumores grandes (p<0.001), com morfologia cistica (p=0.004), assim co-
mo com tumores localizados mais distantes da abertura coclear (p=0.039). A
razao da intensidade de sinal da coéclea na sequéncia FLAIR foi maior em
casos que apresentavam a HDT (p<0.014). Entretanto, essa diferenga nao foi
encontrada nas sequéncias FIESTA/CUBE (p=0.981). Audiometria, potencial
evocado auditivo do tronco encefalico e teste do impulso cefalico com video-
oculografia ndo apresentaram diferengas em relagdo a presenga da HDT, mas
o potencial evocado auditivo de tronco encefalico apresentou resultados piores
em casos com maior sinal da céclea em FLAIR (p=0.026). Identificamos 2
casos de schwanomas do nervo intermedio em nossa amostra. Na literatura,
identificamos 13 casos de Sl, 11 casos de schwannomas da corda timpano e
18 casos de schwannomas do nervo petroso superficial maior. Baseados na
predilecdo dos schwannomas por acometimento de fibras sensitivas e na
preservacao da fungdo motora facial durante a cirurgia nesses casos, a possi-
bilidade de que alguns SV se originem do nervo intermédio deve ser consid-
erada. Conclusao: HDT em pacientes com SV foi associada a uma maior
razao da intensidade de sinal da céclea na sequéncia FLAIR. Entretanto, nao
houve correlagao entre os testes de fungao vestibulococleares e a presencga de
HDT. SV que na verdade se originam do nervo intermédio podem ser mais co-
muns que o proposto na literatura, baseado nos achados de rearranjo arac-
noidal diferente dos SV mediais, compartilhamento da piamater pelos nervos
intermédio e vestibulares, assim como pela localizagdo mais medial da zona de
Obesrteiner-Redlich do nevo intermédio.

Palavras-chave: Neuroma, Acustico; Angulo pontocerebelar, Tronco encefalico,
Ressonancia magnética, Nervo vestibulococlear



ABSTRACT

Introduction: Focal hyperintensity in the dorsal brainstem (HDB) has been de-
scribed in large cerebellopontine angle tumors and is thought to represent ves-
tibular nuclei degeneration, but its functional significance has not been thor-
oughly investigated. Our aim was to analyze its relationship to imaging charac-
teristics of the tumor and inner ear structures and to vestibulocochlear function-
al tests. Intermediate nerve schwannomas (IS) are rare lesions, and have been
described mimicking facial nerve schwannomas, but not vestibular schwanno-
mas (VS). We also aimed to review the cases of IS in our sample and in the
literature. Methods: We retrospectively reviewed 54 patients with a histological
diagnosis of vestibular schwannoma. MRI tumor characteristics (size, cystic
composition, and distance from the cochlear aperture); signal intensity ratio of
the cochlea and vestibule in FLAIR and FIESTA/CUBE; and vestibulocochlear
function tests (audiometry, auditory brainstem response (ABR), and video head
impulse testing (vHIT)) were obtained. Statistical analyses were performed to
evaluate their relation to HDB. We also performed a scoping review of IS follow-
ing the Preferred Reporting Items for Systematic reviews and Meta-Analyses
extensions for Scoping Reviews (PRISMA-ScR) statement. Results: HDB was
found in 22% of VS. It was significantly associated with large (p <0.001) and
cystic (p = 0.004) tumors and also with tumors located more distant from the
cochlear aperture (p = 0.039). The signal intensity ratio of the cochlea on FLAIR
was higher in patients with HDB (p < 0.014), but this difference was not ob-
served in FIESTA/CUBE (p = 0.981). Audiometry, ABR, and vHIT results did not
significantly differ in patients with HDB, but ABR results were worse in patients
with higher cochlear signal intensity on FLAIR sequences (p = 0.026). In our
population, we identified 2 cases of IS. In literature, we found 13 cases of IS, 11
cases of chorda tympani schwannoma and 18 cases of great superficial nerve
schwannoma. Based on the schwannomas predilection for sensory nerves and
the ability to preserve the motor facial nerve during tumor resection, we support
the hypothesis of intermediate nerve as the nerve of origin of some VS. Con-
clusions: HDB was associated with increased signal intensity ratio of the coch-
lea on FLAIR in patients with VS but not with results of vestibulocochlear func-
tion tests. VS originating from the intermediate nerve may be more common
than described, based in different arachnoidal arrangement of medial VS, shar-
ing of piamater vestibular and intermediate nerves and the medial location of
the Obersteiner-Redlich zone of the intermediate nerve.

Keywords: Neuroma, Acoustic, Cerebellopontine Angle, Brain Stem, Magnetic
resonance imaging, Vestibulocochlear Nerve.
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1 INTRODUGAO

Os tumores intracranianos sdo doengas relativamente raras quando
comparadas com os demais tumores do corpo humano, porém continuam
sendo considerados grandes desafios diagndsticos e terapéuticos na medicina
atual. Apds o advento dos métodos de imagem seccionais, em especial da
tomografia computadorizada e da ressonancia magnética, houve um aumento
na detec¢cao e melhor caracterizacdo dessas lesdes, levando ao diagndstico
precoce e melhor planejamento cirurgico. Os tumores localizados na fossa
posterior sdo considerados mais desafiadores do ponto de vista diagnéstico e
cirurgico, devido a complexidade da anatomia locorregional e diversidades dos
acessos operatérios. Entre eles, os schwannomas vestibulares (SV) séao
considerados os tumores benignos mais comuns dessa regido, sendo
usualmente indicado tratamento cirurgico para os tumores com grandes
dimensdes, principalmente devido a compressdo de estruturas nobres

adjacentes.

1.1 SCHWANNOMAS VESTIBULARES

1.1.1 Avaliagdo das caracteristicas clinicas e de imagem

Schwannoma vestibular (SV), também conhecido como neuroma ou
neurinoma do acustico, € um tumor benigno originario das células de Schwann
encontradas nas ramificagdes dos nervos vestibulares, representando 6-8% de
todos os tumores intracranianos e 80% dos tumores do angulo pontocerebelar
(MAHALEY et al.,1990). Os schwannomas do angulo pontocerebelar podem se
originar do tronco comum do nervo vestibular ou das divisbes superior e inferior
do oitano nervo craniano, ou menos frequentemente, dos nervos coclear e
facial, lateralmente ou ao nivel da zona de Obersteiner-Redlich (ZOR), esta
ultima considerada a interface entre a mielina de origem central e a mielina de
origem periférica, tipicamente localizada proxima ao meato acustico interno
(ROOSLI et al., 2012; BRIDGER; FARKASHIDY, 1980) (FIGURAS 1 e 2).
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FIGURA 1 — REVISAO DA ANATOMIA DO NERVO VESTIBULOCLEAR

FONTE: O autor (2019).

LEGENDA: A) Imagem de ressonancia magnética no plano axial em sequéncia volumétrica
ponderada em T2, demonstrando a anatomia normal do nervo vestibulococlear a direita, com
visualizagéo do ganglio vestibular ao nivel do nervo vestibular superior. B e C) Imagens sagitais
obliquas perpendiculares ao eixo longo dos meatos acusticos internos (nervo facial: seta ver-
melha; nervo coclear: seta laranja; nervo vestibular superior: seta azul; nervo vestibular inferior:
seta verde). Nota-se pequena lesdo expansiva arredondada localizada na profundidade do
meato acustico interno esquerdo, que na cirurgia foi confirmada como schwannoma originario
do nervo vestibular superior.

A relevancia da identificagdo do nervo de origem dos schwannomas
vestibulares se encontra na diferenga progndstica relacionada a preservagao
da audicdo apos a cirurgia (BRACKMANN et al., 2000; COHEN; LEWIS;
RANSOHOFF, 1993), sendo que tumores originarios do nervo vestibular
superior apresentam 67-75% de preservacido da audicdo em comparacao a 16-
28% para o nervo vestibular inferior (HE et al., 2016; JACOB et al., 2007). Até o
momento a maior parte dos estudos que tentaram identificar o nervo de origem
através de ressonancia magnética e testes funcionais dos nervos nao
apresentaram taxas adequadas de sucesso (INOUE et al., 2002; SUZUKI et al.,
2008; USHIO et al., 2009; TSUTSUMI et al., 2000), ou foram limitados a uma
populacao especifica de pacientes, como por exemplo em casos de tumores
pequenos. Dessa forma, a identificacdo intraoperatéria representa o padrao-
ouro, apesar de que em tumores muito grandes esta pode ser uma tarefa ardua

Oou mesmo impossivel.



14

FIGURA 2 - EXEMPLOS DE SCHWANNOMAS VESTIBULARES COM PEQUENAS
DIMENSOES

FONTE: O autor (2019).
LEGENDA: A e C) Imagens de ressonancia magnética no plano axial em sequéncia volumétri-
ca ponderada em T2. B e D) Imagens de ressonancia magnética no plano axial em sequéncias
ponderadas em T1 com uso de contraste. As imagens demonstram diminutas lesdes nodulares
com realce pelo contraste na profundidade dos meatos acusticos internos, localizadas na topo-
grafia do nervo vestibular superior (A e B) e inferior (C e D).

A apresentacgao clinica costuma ser préxima aos 50 anos de idade, sem
diferenga entre os géneros, sendo os sintomas geralmente relacionados a
compressao de nervos cranianos, principalmente perda auditiva neurosensorial
crbnica assimétrica, e menos comumente tinnitus e tontura. Sintomas agudos
sao incomuns, devido ao crescimento tumoral usualmente lento. Apesar de
mais da metade dos tumores apresentarem taxa de crescimento entre 2-4
mm/ano (FIGURA 3), sabe-se que tumores maiores de 2 cm tendem a crescer
mais quando comparados com os de menores dimensdes, e que cerca de 10%
podem regredir espontaneamente (FIGURA 4) (SMOUHA et al.,, 2005;
STANGERUP et al., 2006).
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FIGURA 3 — CRESCIMENTO DOS SCHWANNOMAS VESTIBULARES

FONTE: O autor (2019).
LEGENDA: A) Exame inicial. B) Controle apds 16 meses. C) Controle apds 22 meses. D) Con-
trole apds 25 meses. Imagens de ressonancia magnética no plano axial em sequéncias pon-
deradas em T1 com uso de contraste, exemplificando o crescimento lento dos schwannomas
vestibulares (3,6 mm/ano neste caso). Observe a progressiva extensao a cisterna do angulo
pontocerebelar da lesdo, mantendo contato com estrutura vascular adjacente.

FIGURA 4 — EXEMPLOS DE SCHWANNOMAS VESTIBULARES COM REGRESSAO
ESPONTANEA DAS SUAS DIMENSOES

FONTE: O autor (2019).
LEGENDA: A e B) Imagens de ressonancia magnética no plano axial em sequéncia volumétri-
ca ponderada em T2, demonstrando redugédo espontanea das dimensdes da leséo localizada
no meato acustico interno com extensao a cisterna do angulo pontocerebelar a direita (A, ex-
ame inicial; B, exame de controle). As imagens C e D mostram lesédo expansiva com sinais de
remodelamento e alargamento do meato acustico interno a direita, assim como realce frusto
pelo contraste pela leséo (D), sugerindo schwannoma em involugao.
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Apesar da tomografia detectar lesdes grandes e avaliar sinais de
remodelamento do meato acustico interno (MAI), a ressonancia magnética € o
método de escolha para o diagndstico dos SV, principalmente devido a sua
maior sensibilidade e resolu¢cdo de contraste para avaliar as estruturas da fossa
posterior. Na RM, os SV sao lesbes hipointensas nas sequéncias ponderadas
em T1, apresentando intenso realce pelo contraste. Tumores com didmetro
superior a 4 cm sao classificados como gigantes, e apresentam maior
probabilidade de componentes cisticos e hemorragias intralesionais (FIGURA
5). Lesbes cisticas sdo consideradas um subtipo tumoral, sendo responsaveis
por cerca de 10% dos casos, e apresentam maior associagdo com
degeneracdo mixoide, padrao de crescimento lobular e atipia celular
(MEHROTA et al., 2008). Além disso, tumores cisticos sdo considerados mais
agressivos e hipervasculares, podendo envolver e aderir a estruturas
neurovasculares adjacentes (LIN; CRANE, 2017).

Nosso grupo ja demonstrou, em estudos prévios, que a classificagao
morfolégica dos schwannomas vestibulares em homogéneos/sdlidos,
heterogéneos ou cisticos, apresenta valor progndstico em relagdo a fungao
vestibular, sendo que os tumores cisticos apresentam piores resultados,
possivelmente secundario ao processo de formacgao das areas cisticas através
de hemorragia, levando a maior processo inflamatério local (FIGURA 6)
(CONSTANZO et al., 2019). Essa mesma fisiopatologia com inflamagao local
pode levar a formacdo de adesbdes peritumorais e pseudoduplicacdes
leptomeningeas, supostamente contribuindo para o mecanismo de formacgao de
cistos extratumorais/cistos aracnoides adquiridos, descritos em cerca de 5%
dos casos de SV (TALI et al., 1993) (FIGURA 7).
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FIGURA 5 — ASPECTOS DE IMAGEM DOS SCHWANNOMAS VESTIBULARES GIGANTES

) @ ' ) Zen. )

FONTE: O autor (2019).

LEGENDA: A e D) Imagens de tomografia computadorizada no plano axial, antes e apos a
inje¢cdo endovenosa de contraste iodado. Note que os limites tumorais sdo de dificil definicao
na imagem sem contraste e multiplas estruturas vasculares peritumorais sdo visualizados na
aquisicaéo pos-contraste. B, C, E e F) Imagens de ressonancia magnética no plano axial de-
monstrando a origem da lesdo no meato acustico interno, a qual apresenta hipossinal em T1
(B), hiperssinal em T2 (C), realce heterogéneo pelo contraste (E), assim como multiplos focos
de hipossinal na sequéncia ponderada em susceptibilidade magnética, compativeis com micro-
hemorragias (F). Estruturas vasculares proeminentes sao identificadas entre o tumor e o
parenquima encefalico, sugerindo hipervascularizagéo tumoral.
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FIGURA 6 — CLASSIFICACAO MORFOLOGIA DOS SCHWANNOMAS VESTIBULARES

FONTE: Adaptado de CONSTANZO (2019).

LEGENDA: Classificagdo morfolégica por ressonancia magnética dos schwannomas
vestibulares: Schwannoma vestibular sélido caracterizado por realce homogéneo pelo
contraste na sequéncia ponderada em T1 (A), assim como hipossinal homogénio na sequéncia
ponderada em T2 (B). Schwannoma vestibular heterogéneo apresentando realce irregular pelo
contraste na sequéncia ponderada em T1 (C), mantendo hipossinal homogénio na sequéncia
ponderada em T2 (D). Schwannoma vestibular cistico demonstrando realce irregular nas
sequéncias ponderadas em T1 (E) e hiperssinal nas sequéncias ponderadas em T2 (F). As
areas sem realce pelo contraste correlacionam-se com as areas de hiperssinal em T2.
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FIGURA 7 — CISTOS EXTRATUMORAIS: CORRELACAO DA IMAGEM COM ACHADOS
INTRA-OPERATORIOS

FONTE: O autor (2019).

LEGENDA: A e C) Imagens de ressonancia magnética demonstrando volumoso schwannoma
vestibular sélido-cistico a direita, apresentando formagdes cisticas extratumorais, mais evidente
posteriormente ao tumor e no interior do meato acustico interno. B e D) Achados intraoperato-
rios obtidos apds craniotomia suboccipital retrosigmoidéia, com rebatimento da dura mate e
exposicao de parte do hemisfério cerebelar abaixo das pingas cirurgicas, antes (B) e apds (D) a
seccao do cisto extratumoral, sendo possivel identificar a sua superficie esbranquicada e
conteudo amarelado.

Existe mais um subtipo tumoral que apresenta relevancia clinica, os
denominados schwannomas vestibulares mediais. Em 1992, essa classificacéo
foi descrita pela primeira vez, correspondendo a tumores com caracteristicas
atipicas, sendo predominantemente extrameatais, ou seja, com maior
componente cisternal e sem extensao significativa para o interior do meato
acustico interno, assim como apresentando dimensdes maiores, acometendo
pacientes mais jovens e com acuidade auditiva melhor do que a esperada
pelas dimensdes tumorais (TOS; DRODZIEWICZ; THOMSE N, 1992; DUNN et
al., 2014) (FIGURA 8).
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FIGURA 8 — ASPECTOS DE IMAGEM DOS SCHWANNOMAS VESTIBULARES MEDIAIS

* & L)

FONTE: O autor (2019).

LEGENDA: Imagem de ressonancia magnética no plano axial adquirida com fusdo de sequéncia
ponderada em T1 com uso endovenoso de contraste paramagético e sequéncia ponderada em T2,
demonstrando grande les&o expansiva na cisterna do angulo pontocerebelar a esquerda, sem evidéncia
de extensao intrameatal significativa, compativel com schwannoma vestibular medial. A lesdo apresenta
realce heterogéneo pelo contraste, assim como areas cisticas sem realce pelo contraste no seu interior.
Nota-se diminuta hiperintensidade focal no dorso do tronco encefalico do mesmo lado que o tumor (seta
amarela), assim como discreta reducdo do sinal do meato acustico interno e da céclea a esquerda,
achados que serdo melhor abordados na proxima segao.

Em relacao ao tratamento dos SV, trés opgdes sdo possiveis: cirurgia,
radioterapia e conduta expectante. Tumores grandes sao usualmente
manejados com tratamento cirurgico devido a compressao das estruturas
vizinhas ao tumor e risco de complicagbes graves. O objetivo do tratamento
cirurgico vem mudando ao longo dos anos, passando de uma abordagem mais
agressiva com ressecdo macroscopica total para ressegdes subtotais com
preservagdao da fungdo dos nervos cranianos acometidos (CARLSON et al.,
2015). O tratamento radioterapico estereotaxico €& considerado aceitavel

quando indicado com o intuito de controlar as dimensdes e o crescimento
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tumoral, apresentando niveis de controle semelhantes ao tratamento cirurgico e
risco reduzido de paralisia facial permanente. Por fim, a conduta expectante é
uma escolha para tumores pequenos, pacientes idosos ou portadores de
comorbidades limitantes. Apesar de tudo, a melhor opgédo terapéutica, em
especial para tumores pequenos e médios, permanece controversa e
extremamente variavel entre os centros especializados e a literatura médica

disponivel.

Quando o tratamento cirurgico esta indicado, uma descrigdo detalhada
da posicao e trajetoria dos trajetos cisternais e intrameatias do nervo facial
ipsilateral ao tumor pode interferir na escolha do acesso cirurgico pelo
neurocirurgido. Recordemos o posicionamento habitual dos nervos no interior
do MAI: o nervo facial é antero-superior, 0 nervo coclear é antero-inferior, o
nervo vestibular superior € pdstero-superior e o nervo vestibular inferior é
postero-inferior (FIGURA 1). Baseado no conhecimento anatémico normal
podemos deduzir que SV originarios do nervo vestibular superior deslocarao o
nervo facial anteriormente, e SV originarios do nervo vestibular inferior
deslocardo o nervo facial superiormente. Entretanto, devido as mesmas
dificuldades relacionadas a identificacdo do nervo de origem do tumor, a
correta individualizagao do trajeto do nervo facial torna-se ardua em casos de
tumores grandes, em especial quando somente sao utilizadas técnicas
convencionais de ressonancia magnética. Estudos recentes, utilizando técnicas
de tractografia deterministica e probabilistica, apresentaram resultados
conflitantes, porém promissores, com taxas de visualizagao variando entre 30 e
100% do nervo facial deslocado pelo tumor (JACQUESSON et al., 2019).
Nosso grupo esta atualmente conduzindo estudos visando otimizar a avaliagao
dos SV através de sequéncias avangadas de ressonancia magnética, com
enfoque especial em tractografia para identificacdo do trajeto do nervo facial
(FIGURA 9) e perfusdao como biomarcador para crescimento tumoral e

ferramenta auxilar no diagndstico diferencial das lesdes do MAI (FIGURA 10).
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FIGURA 9— IDENTIFICACAO DO TRAJETO DO NERVO FACIAL POR TRACTOGRAFIA

FONTE: O autor (2019).

LEGENDA: A, B e C) Imagens de ressonancia magnética no plano axial adquiridas com fusdo de
sequéncias convencionais anatdmicas com reconstrugéo do trajeto do nervo facial em trés casos
diferentes. Em A o nervo esta deslocado pdstero-superiormente, em B esta deslocado superiormente e
em C antero-superiormente. D, E e F) Imagens intraoperatérias do caso B, obtidas apds craniotomia
suboccipital retrosigmoidéia com rebatimento da dura mater e exposicédo da cisterna do angulo
pontocerebelar, com afastamento do hemisfério cerebelar por espatula cirdrgica, mostrando a
visualizagéo do nervo facial sobre o tumor (D), com subsequente confirmagéo do nervo apds estimulo
elétrico pelo eletrodo (E) e status apds a ressecgdo completa da lesdo demonstrando preservagao da
integridade de todo o trajeto do nervo (F). Na ultima imagem € possivel visualizar que o interior do meato
acustico interno foi exposto através de ressecgéo de sua parede posterior, visando permitir a ressec¢éo
completa da lesao, sendo que o nervo facial esta localizado superiormente na imagem.
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FIGURA 10 — EMPREGO DA PERFUSAO NO DIAGNOSTICO DIFERENCIAL DE LESOES DO
MEATO ACUSTICO INTERNO
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FONTE: O autor (2019).

LEGENDA: A e D) Imagens de ressonancia magnética no plano axial em sequéncias ponderadas em T1
com uso endovenoso de contraste paramagético em dois pacientes diferentes, demonstrando lesdes
com caracteristicas muito similares ao estudo convencional, apresentando realce pelo contraste e
centradas no meato acustico interno. B e E) Mapas de cores gerados a partir de técnica avangada de
perfusdo visando analisar a permeabilidade capilar através do parédmetro do Ktrans. C e F) Curvas de
permeabilidade com caracteristicas morfolégicas e dindmicas diferentes. Em C, observando-se as
curvas azuais, nota-se realce progressivo sem wash-out significativo, aspecto tipico de schwannoma;
enquanto que em F, existe wash-in evidente seguido de wash-out e com sinais de extravasamento,
sugerindo meningioma.

Por fim, apesar da maior parte das lesdes do angulo pontocerebelar
serem diagnosticadas como sendo SV, € importante lembrar dos diagnésticos
diferenciais incomuns e raros, principalmente os que podem ser realizados
através de exames de imagem. Sugerimos a classificacdo dessas lesbes em
trés categorias para facilitar o raciocinio diagnostico: lesbes expansivas
unilaterais com realce pelo contraste (FIGURA 11), lesdes expansivas
unilaterais sem realce pelo contraste (FIGURA12) e lesbes expansivas

bilaterais com realce pelo contraste (FIGURA 13).

No primeiro grupo, os principais diagndsticos diferenciais sao:
schwannomas originarios de outros nervos (facial e coclear), nesses casos a
suspeita diagndstica se da pela extensdo da lesédo junto ao trajeto esperado

destes nervos (segmentos labirintico, geniculado, temporal e mastoide para o
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nervo facial; e espiras basais da cécleas para o nervo coclear); hemangiomas
do ganglio geniculado, que tipicamente apresentam trabeculado 6sseo fino na
tomografia computadorizada, diferenciando-os dos schwannomas;
meningiomas, 0s quais podem ser indistinguiveis dos SV, porém a presencga da
cauda dural e sinais de hiperostose Ossea adjacente podem indicar o
diagndstico; e metastases, sendo que neste ultimo caso a correlagdo com
dados clinicos e outros exames de estadiamento oncolégico se faz
fundamental (KRAINIK et al, 2001; WATANABE et al., 2016).

No segundo grupo se enquadram as lesdes ndo neoplasicas, sendo que
a principal caracteristica a ser observada € a intensidade de sinal das lesbes
nas demais sequéncias do exame de ressonancia magnética. Cistos
aracnoides sao isointensos ao liquor em todas as sequéncias. Cistos
epidermdides podem ser semelhantes aos cistos aracnoides, porém
demonstram “aspecto sujo” na sequéncia FLAIR e restricdo a difusdo das
moléculas de agua. Cistos neuroentéricos sao lesdes congénitas raras, com
limites melhor definidos que as lesbes anteriores mencionadas e apresentando
hiperssinal na sequéncia T1 devido ao alto teor proteico do seu conteudo.
Outras duas lesées podem apresentar hiperssinal em T1: os granulomas de
colesterol e os lipomas, sendo que a principal diferenga entre elas é a queda do
sinal da gordura nas sequéncias com saturagdo de gordura, achado este
caracteristico dos lipomas e ausente nos granulomas de colesterol. Aneurismas
saculares da fossa posterior também podem se apresentar como lesdes
expansivas, entretanto a presencga de hipossinnal em T2 (flow voids) indica a
origem arterial da lesdao (BONNEVILLE et al,; 2001)

No terceiro grupo as possibilidades diagndsticas sdo mais restritas
quando comparadas aos grupos anteriores, sendo que a hipotese de lesao de
origem neoplasica secundaria é o principal diagndstico. Pacientes com
multiplas lesbes expansivas intracranianas, apresentando aspectos de imagem
sugestivos de schwannomas e meningiomas devem ser investigados para
facomatoses e sindromes oncoldgicas, em especial neurofibromatose tipo II.
Quando bilaterais, os meningiomas dos angulos pontocerebelares podem ser
de dificil diagndstico somente pelos aspectos morfolégicos e pela extenséo,

mas usualmente apresentam realce mais homogéneo pelo contraste quando
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comparados as demais lesdes, assim como isosinal ao parénquima cerebral
nas sequéncias ponderadas em T1 e sinal varivavel nas sequéncias

ponderadas em T2.

FIGURA 11 — DIAGNOSTICO DIFERENCIAL DE LESOES DO MEATO ACUSTICO INTERNO
E ANGULO PONTOCEREBELAR APRESENTANDO REALCE PELO CONTRASTE

FONTE: O autor (2019).

LEGENDA: A, B, C, D e E) Imagens de ressonancia magnética no plano axial ponderada em T1 com
uso endovenoso de contraste paramagético de pacientes diferentes, demonstrando exemplos de lesbes
expansivas unilaterais com realce pelo contraste. A) Metastase de tumor primario de pulm&o. B)
Schwannoma do nervo facial. C) Schwannoma do nervo coclear com extensédo transmodiolar e
acometimento das espiras basais da cdclea (imagem ponderada em T2 mostrando obliteragéo das
espiras da coclea (hipossinal) no detalhe). D) Meningioma com cauda dural posterior. E) Hemangioma
do ganglio geniculado, apresentando aspecto tipico com trabeculado 6sseo fino na tomografia
computadorizada (F).
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FIGURA 12 - I;)IAGNOSTICO DIFERENCIAL DE LESOES DO MEATO ACUSTICO INTERNO
E ANGULO PONTOCEREBELAR SEM REALCE PELO CONTRASTE

FONTE: O autor (2019).

LEGENDA: A, B e C) Imagens de ressonancia magnética no plano axial em sequéncias ponderadas em
T2. D, E e F) Imagens no plano axial em sequéncias ponderadas em T1 sem uso de contraste e sem
técnica de saturagcao de gordura. A) Cisto aracnoide na cisterna do angulo pontocerebelar a direita. B)
Cisto epidermdide na cisterna do angulo pontocerebelar a esquerda (havia restricdo a difusdo, ndo
mostrado). C) Cisto neuroentérico na cisterna do angulo pontocerebelar a esquerda (havia hiperssinal
em T1, ndo mostrado). D) Granuloma de colesterol no apice petroso a direita. E) Lipoma intracraniano
na cisterna do angulo pontocereberlar a direita. F) Aneurisma sacular gigante da jungéo vértebro-basilar
a direita.
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FIGURA 13 — DIAGNOSTICQ DIFERENCIAL DE LESOES BILATERAIS DOS MEATOS
ACUSTICOS INTERNOS E ANGULOS PONTOCEREBELARES COM REALCE PELO
CONTRASTE

FONTE: O autor (2019).

LEGENDA: A, B e C) Imagens de ressonancia magnética no plano axial ponderada em T1 com uso
endovenoso de contraste paramagético de pacientes diferentes, demonstrando lesdes expansivas nas
cisternas dos angulos pontocerebelares bilateralmente (Note que na imagem B nado foi empregada
técnica de saturacdo de gordura). A) Lesbes expansivas extra-axiais heterogénas sugerindo
schwannomas, associadas a meningioma occipital a esquerda e schwannomas nas porgdes
visualizadas dos cavuns de Meckel, em paciente portador de neurofibromatose tipo Il. B) Metastases de
tumor primario de mama. C) Meningiomas bilaterais nas cisternas dos angulos pontocerebelares.

A incidéncia dos SV esta aumentando, entre as causas podemos citar o
maior acesso a exames de imagem, como a ressonancia magnética, assim
como ao constante e progressivo aumento da expectativa média de vida.
Apesar de serem agrupados, esses tumores apresentam caracteristicas
clinicas e de crescimento variaveis, inferindo heterogeneidade da entidade
nosologica e possiveis subtipos tumorais ainda n&do adequadamente
caracterizados. Novas técnicas de imagem e marcadores histopatoldgicos
podem ser fundamentais para este fim, sendo que mais estudos sao
necessarios para podermos diferenciar tumores agressivos com pior
prognostico funcional que possivelmente sejam candidatos a cirurgia precoce,
de tumores de baixa agressividade e pouca repercussdo clinica nos quais o
tratamento expectante, ou mesmo radioterapico possam ser melhor indicados

de forma precoce.
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1.1.2 Avaliagao de outros achados de imagem associados

A ressonancia magneética € uma modalidade de exame de imagem
meédico que utiliza a detecgcdo do sinal de prétons de hidrogénio no corpo
humano para constru¢cado de imagens para fins de diagndstico médico. Apesar
de ser usualmente mais utilizada na caracterizagcdo morfolégica de lesdes
focais anormais em diversas partes do corpo humano, muitas vezes € possivel
analisar alteragbes na composigao habitual de estruturas anatémicas, como por
exemplo: tractos de substancia branca, nucleos de nervos cranianos, canais

semicirculares, coclea, etc.

Além da avaliagcao especifica das caracteristicas de imagem da lesao
tumoral nos casos de SV, ja descritas anteriormente neste trabalho, o
reconhecimento de alteragbes relacionadas as estruturas circunjacentes ou
proximas ao tumor ganhou importancia nos ultimos anos. Estudos qualitativos e
quantitativos de imagem comparando a intensidade de sinal das estruturas que
compdem o labirinto membranoso dos ouvidos internos (coclea, vestibulo e
canais semicirculares) mostram que em pacientes portadores de
schwannomas vestibulares existe uma reducéo significativa da intensidade de
sinal em relagédo as estruturas contralaterais homélogas nas sequéncias com
alta resolugédo e volumétricas ponderadas fortemente em T2 (eg: FIESTA,
CUBE, SPACE, DRIVE) (FIGURAS 8 e 14), sendo que estes achados nao
foram encontrados em outros tumores do angulo pontocerebelar, como por
exemplo meningiomas, metastases ou cistos epidermédides (SOMERS et al.,
2001; ISHIKAWA; HANEDA; OKAMOTO, 2013). Portanto, podendo assim,
auxiliar no diagnostico diferencial por imagem através da correta andlise destes
achados de imagem associados. Ainda, esta alteracdo do sinal do labirinto
membranoso ipsilateral ao tumor, quando encontrada no exame de imagem
incial, esta associada a menores taxas de preservacdo da audicdo apds o
tratamento cirurgico, tendo também implicagdo prognédstica (SOMERS et al.,
2001).
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FIGURA 14 — ASSIMETRIA DA INTENSIDADE DE SINAL DOS LABIRINTOS MEMBRANOSOS

FONTE: O autor (2019).
LEGENDA: A, B e C) Imagens de ressonancia magnética nos planos coronal (A) e coronais obliquos (B
e C), ponderadas em T2 com aquisicdo volumétrica e alta resolucdo espacial (técnica CUBE),
demonstrando assimetria entre a intensidade de sinal das cdcleas, vestibulos e canais semicirculares,
sendo menos intensos a esquerda, ou seja, do mesmo lado que a lesdo expansiva visualizada no
angulo pontocerebelar esquerdo, sugerindo schwannoma vestibular com componente
predominantemente cistico.

Apesar de atualmente, a ressonancia magnética ser o método de
escolha para o diagnéstico dos schwannomas vestibulares (SKOLNIK et al.,
2016; YIN et al., 2015), antes do advento dos métodos de diagndstico por
imagens seccionais, a analise bioquimica da perilinfa era realizada através de
labirintotomia em casos com suspeita de schwannomas vestibulares, sendo
encontrados niveis de proteinas de 5 a 15 vezes maiores quando comparado
aos sujeitos normais (SILVERTEIN, 1973; SILVERTEIN; SCHUKNECHT, 1966).

Através da RM também é possivel identificar sinais sugestivos de
hemorragia e presenga de altas concentragdes de proteinas no corpo humano,
sendo que diversas sequéncias podem ser utilizadas para este fim. As imagens
de RM baseadas na sequéncia FLAIR podem ser usadas em aquisi¢coes 2D e
3D, sendo a ultima mais adequada devido a menor espessura € maior
resolucao espacial multiplanar. Estudos prévios ja demonstraram que os sinais

das estruturas dos ouvidos internos estdo aumentados em diversas
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enfermidades, entre elas: SV (FIGURA 19), meningiomas, doenca de Meniére,
sindrome de Ramsay Hunt, otoesclerose e perda auditiva neurosensorial
idiopatica aguda, sugerindo possivel hidropsia do ouvido interno (SUGIURA et
al., 2006; LEE; KIM; CHUNG, 2010; KIM et al., 2014). No caso especifico dos
SV, o alto sinal coclear em FLAIR é atribuido ao alto teor protéico encontrado
na perilinfa, provavelmente secundario a compressao tumoral do nervo coclear
interferindo no transporte neuro-axonal de proteinas (BHADELIA et al., 2008).
Além disso, Kim et al. demonstraram que o aumento de sinal da coclea na
sequéncia 3D-FLAIR apresentou correlacdo com o grau de perda auditiva em
tumores intrameatais, denotando repercussao funcional deste achado nessa
pospulacao especifica (KIM et al., 2014). Entretanto, foram realizadas somente
analises dos achados audiométricos, sendo que até o momento nao dispomos
de estudos avaliando alteracbes em exames de potencial evocado auditivo do

tronco encefalico.

Outro achado de imagem descrito associado aos schwannomas
vestibulares € uma diminuta hiperintensidade focal localizada no dorso do
tronco encefalico ipsilatetral ao tumor, ou seja, uma alteracdo de sinal
localizada no parénquima encefalico adjacente ao tumor. A andlise do
parénquima encefalico visando a identificacdo e individualizagdo de estruturas
anatbmicas usualmente nao visiveis em exames de ressonancia magnética,
como as que compdem o tronco encefalico, é de dificil realizagdo através de
imagens convencionais. Entretanto, € possivel utilizarmos técnicas de difuséo
tensorial com tractografia para identificar os principais feixes de substancia
branca do encéfalo, assim como imagens ponderadas em susceptibilidade
magnética para melhor visualizagdo dos nucleos da base. Qquando
acometidos por processos patologicos, essas estruturas anatdmicas costumam
cursar com alteracbes de sinais em sequéncias convencionais, usualmente
hiperssinal na ponderacao T2, facilitando a sua identificacdo e visualizagao,
assim como consequente localizagao anatémica, fato exemplificado em casos
de degeneracdo walleriana do tracto cortico-espinhal e degeneragéo talamica
secundaria nos infartos cerebrais, assim como na degeneragéo transneuronal
do sistema limbico em pacientes com epilepsia do lobo temporal (YAMADA et
al.,1998; KODAMA et al., 2003).
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Esta diminuta area de hiperssinal em T2 descrita em exames de
ressonancia magnética na topografia do dorso do tronco encefalico em alguns
casos de schwannomas vestibulares, em especial os apresentando dimensdes
acima de 2 cm, pressupde-se estar relacionada a sinal de degeneragdo do
complexo dos nucleos vestibulares, sendo descrita inicialmente como
especifica dos schwannomas vestibulares, baseado na sua localizagdo e
lateralidade homénima ao tumor (FIGURA 8) (OKAMOTO et al.,, 2005).
Recentemente, essa alteragcdo foi avaliada por outro grupo utilizando-se
somente equipamentos de ressonancia magnética de 3 Tesla, sendo
encontrado um numero significativamente maior de casos e descrito com
maiores detalhes sua morfologia alongada e obliqua no plano sagital, assim
como sua ocorréncia em outros tumores do angulo pontocerebelar, em casos
de meningiomas e schwannomas do nervo facial (YAMAMOTO et al., 2018).
Apesar de termos encontrado na literatura somente esses dois artigos citando
sinais radiograficos sugestivos de degeneracao retrograda de vias neuronais
em schwannomas vestibulares, existe vasta literatura apontando sinais de
degeneragao do sistema vestibular periférico através de analise histopatologica
realizada em cadaveres, descrevendo reducdo do numero de fibras e de
células nessas estruturas (MAHMUD; KHAN, 2003; MOLLER; HANSEN;
CAYE-THOMASEN, 2015; HIZLI et al., 2016).

Até o momento, ndo dispomos na literatura de estudos histopatologicos,
correlacdo com outros testes funcionais ou mesmo descricdo de mais
caracteristicas de imagem ou cirurgicas relacionadas a presenga dessa
alteracdo de sinal descrita no dorso do tronco encefalico em pacientes com
schwannomas vestibulares. Portanto, consideramos o assunto inédito e um
nicho de pesquisa ainda pouco explorado na literatura, assim como
apresentando um grande potencial para desenvolvmento de biomarcadores
baseados em achados de imagem, que possam ter impacto funcional e
prognostico no tratamento desses tumores. A analise da relagdo deste achado
com as caracteristicas de imagem dos schwannomas vestibulares, as
alteracdes de sinal das estruturas dos ouvidos internos e com os resultados de
teste funcionais do nervo vestibuloclear sdo os principais objetivos de estudo

desta tese. Secundariamente, foi realizado uma revisao de escopo da literatura
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sobre os schwannomas originarios do nervo intermédio, ramo sensitivo do

nervo facial, partindo de dois casos encontrados na amostra estudada.

1.2  TESTES FUNCIONAIS DO NERVO VESTIBULOCOCLEAR

1.2.1 Teste funcional das divisoes vestibulares

O teste do impulso cefalico com video-oculografia (TICV) foi descrito
pela primeira vez em 2005 como um aprimoramento do teste clinico de impulso
cefalico usando o videonistagmoscépio (ULMER; CHAYS, 2005). E um teste
nao invasivo, que permite uma avaliacdo quantitativa da funcao vestibular atra-
vés da mensuragdao do ganho do reflexo vestibulo-oculomotor (RVO), assim
como a identificagdo de sacadas covert, ou seja encobertas, (ocorrendo quan-
do a cabeca ainda estd em movimento) e sacadas overt, ou seja descobertas,
(ocorrendo apds o término do movimento da cabega), podendo ocorrer nos ca-
nais semicirculares laterais (CSL), canais semicirculares superiores (CSS) e
canais semicirculares posterior (CSP) (FIGURA 15).

Otorinolaringologistas tem usado o TICV em pacientes com SV somente
para descricdo da sensibilidade do teste, associagdo com sintomas vestibu-
lares e recuperacao vestibular apos cirurgia (KIM et al., 2016; VON KIRSCH-
BAUM; GURKOV, 2016; BLODOW et al., 2013; BATUECAS-CALETRIO et al.,
2017; BATUECAS-CALETRIO et al., 2014). Em estudo prévio, demonstramos
que o TICV apresenta valor na identificagdo do nervo de origem dos SV. Con-
siderando que o nervo vestibular superior transmite impulsos a partir dos CSL e
CSS, e o nervo vestibular inferior a partir do CSP, propusemos que em pa-
cientes sem vestibulopatia periférica conhecida, as alteracbes do TICV rela-
cionadas a canais semicirculares especificos podem indiretamente traduzir dis-
funcdo do nervo vestibular correspondente em casos de SV (CONSTANZO et
al., 2019).
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FIGURA 15 — TESTE DO IMPULSO CEFALICO COM VIDEO-OCULOGRAFIA EM PACIENTE
COM SCHWANNOMA VESTIBULAR
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FONTE: Adaptado de CONSTANZO (2019).

LEGENDA: Resultado de exame de impulso cefalico com video-oculografia demonstrando
graficos de velocidade de movimentagéo da cabeca e dos olhos no eixo vertical (°/s) e do tem-
po em milisegundos (ms) no eixo horizontal. Alteragdo compativel com hipofungéo do canal
semicircular posterior direito: caracterizada por redu¢cdo do ganho do reflexo vestibulo-
oculomotor no canal semicircular posterior direito (seta preta), com presenca de sacadas covert
(seta azul) e sacadas overt (seta verde). As imagens de ressonancia magnética demonstraram
lesdo compativel com schwannoma vestibular intrameatal a direita, e os achados intraoperato-
rios confirmaram origem no nervo vestibular inferior (ndo mostradas).

Disfuncao vestibular € uma das caracteristica clinicas mais importantes
nas apresentagdes dos SV (MATTHIES; SAMII, 1997), mas € normalmente
subvalorizada quando comparada as disfungdes dos nervos facial e coclear.
(DI GIUSTINO; PECCI; VANNUCCHI, 2016; TEGGI et al., 2014). A fungao ves-
tibular em casos de SV ja foi avaliada através de testes caloricos (DI GIUSTI-
NO; PECCI; VANNUCCHI, 2016; TEGGI et al., 2014), manobra de sacudir a
cabecga (head shaking test) (DI GIUSTINO; PECCI; VANNUCCHI, 2016; TEGGI
et al., 2014; ASAWAVICHIANGIANDA et al., 1999; HUMPHRISS; BAGULEY;
MOFFAT, 2003), teste de impulso cefalico (head impulse test) (DI GIUSTINO;
PECCI; VANNUCCHI, 2016; TEGGI et al., 2014; KIM et al., 2016; MANDALA et
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al., 2012), testes de hiperventilacao (TEGGI et al., 2014; ASAWAVICHIANGI-
ANDA et al., 1999; CHOI et al., 2007; CALIFANO et al., 2015; PATKO et al.,
2003), assim como potencial evocado miogénico vestibular cervical (PATKO et
al.,, 2003; MUROFUSHI; MATSUZAKI; MIZUNO, 1998; MATSUZAKI;
MUROFUSHI; MIZUNO, 1999), porem com aplicagdes restritas. O TICV
apresenta vantagem em relacéo aos demais testes, devido a possibilidade de

quantificacdo do grau de disfungao do sistema vestibular.

1.2.2 Testes funcionais da divisao coclear

O exame de audiometria é considerado padrdao ouro para obtencédo de
limiares auditivos, sendo possivel avaliar a funcédo auditiva através de diversos
parametros e escalas. Os resultados e o audiograma gerado pelo teste sdo
compostos por duas partes: audiometria tonal limiar (ATL) ou Pure Tone Audi-
ometry (PTA) e audiometria da fala ou Speech Audiometry. Na primeira, os lim-
iares de conducéo pelo ar e pelo osso sao testados em diferentes frequéncias
(FIGURA 16); na segunda, sao testadas as habilidades de perceber e discrimi-
nar palavras e frases. O paramatro do limiar de reconhecimento da fala ou
Speech Recognition Threshold (SRT) € medido em decibels (dB), enquanto
que o indice percentual de reconhecimento da fala ou Speech Discrimination
Score (SDS) é expresso em porcentagem de palavras reconhecidas e repeti-
das pelo paciente, provenientes de uma lista padronizada e apresentadas em
limiar acima da media. A ATL normalmente pode variar entre 0 e 120 dB, e o
IPRF pode variar de 0 a 100%. Apesar de perdas subitas da audicdo serem
possiveis em casos de SV, o sintoma cardinal é a perda progressiva da fungao
auditiva (KIM et al, 2016). Nos estagios iniciais, a perda auditiva pode ocorrer
em todas as frequéncias, sendo que perdas auditivas em frequéncias baixas
(500 Hz) sao caracteristicas de tumores grandes. Apesar disso, os achados da
audiometria s&o inespecificos em cerca de 60% dos casos de SV (KENTALA;
PYYKKO, 2001). A fisiopatologia da perda auditiva € multifactorial, podendo ser
secundaria a compressao mecanica direta sobre o nervo coclear pelo tumor,
compressao de estruturas vasculares e alteragcbes bioquimicas das estruturas

da orelha interna, as ultimas previamente citadas na seg¢ao anterior desta tese.
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FIGURA 16 — RESULTADO DE EXAME DE AUDIOMETRIA EM PACIENTE COM SCHWAN-
NOMA VESTIBULAR
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FONTE: O autor (2019).
LEGENDA: Audiograma demostrando resultado através de grafico de nivel de ruido em deci-
bels (dB) no eixo vertical e frequéncia em Hertz (Hz) no eixo horizontal. Audiometria do ouvido
direito realizada em paciente com schwanoma vestibular demonstrando perda moderada da
audicdo com predominio em altas frequéncias.

O potencial evocado auditivo de tronco encefélico (PEATE) € um método
da avaliacéao eletrofisiolégica que se baseia no registro da atividade elétrica que
ocorre ao longo do sistema auditivo nos primeiros 10 ms apds estimulo acusti-
co de forte intensidade (80 dB nHL), iniciando na orelha interna e atingindo o
tronco encefalico, secundario ao estimulo acustico. Ele € composto por sete
ondas diferentes, sendo que as ondas |, lll e V sdo as que apresentam maior
relevancia clinica. Os locais de origem das ondas sao assim distribuidos: | —
porcao distal do nervo auditivo ao tronco encefalico; Il — por¢cdo proximal do
nervo auditivo ao tronco encefalico; Ill — nucleo coclear; IV — complexo olivar
superior; V — lemnisco lateral; VI — coliculo inferior e VII — corpo geniculado
medial. Diversos parametros podem ser avaliados considerando essa curvas:
morfologia, latencia absoluta e amplitude das ondas I, lll e V; laténcias dos in-
tervalos interpicos I-1ll, |-V e lll-V; relagao da amplitude e latencia I-V e diferen-

ca interaural do interval |-V ou da laténcia absoluta da onda V3 (FIGURA 17)
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(RUTH; LAMPERT, 1991; FERRARO; DURRANT, 1994; ESTEVES et al,,
2009). O PEATE foi por muito tempo o teste diagndstico inicial para casos
suspeitos para SV. Entretanto, o advento e avancgos nas técnicas de ressonan-
cia magnética reduziram o valor e aplicabilidade clinica do PEATE, sendo
atualmente mais empregado em casos de triagem e pesquisa, o primeiro devi-
do ao menor custo em relagdo a ressonancia magnética e alta sensibilidade, e
o segundo visando a andlise eletrofisioldgica da integridade da via auditiva
(NAESSENS et al.; 1996).

FIGURA 17 — POTENCIAL EVOCADO AUDITIVO DE TRONCO ENCEFALICO EM PACIENTE
COM SCHWANOMA VESTIBULAR
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FONTE: O autor (2019).
LEGENDA: Resultado do exame do potencial evocado auditivo do tronco encefalico demon-
strado através de grafico de laténcia (dB nHL) no eixo vertical por tempo (ms) no eixo horizon-
tal. Observa-se laténcia normal da onda |, aumento da laténcia das ondas lll e V, assim como
aumento do intervalo I-lll e I-V, sugerindo comprometimento da integridade neural ao nivel do
tronco encefalico baixo. A ressonancia magnética mostrou lesdo compativel com schwannoma
vestibular, achado confirmado no intraoperatério.
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OBJETIVOS

Analisar se existe relagao entre a hiperintensidade focal no dorso do tronco
encefalico com as -caracteristicas de imagem dos schwannomas
vestibulares e com os testes funcionais do nervo vestibulococlear.

Analisar se existe relacdo entre a intensidade de sinal na ressonancia
magnética das estruturas do ouvido interno e os testes funcionais do nervo
vestibulococlear em pacientes com schwanomas vestibulares.

Descrever as caracteristicas dos schwannomas do angulo pontocerebelar
originarios do nervo intermédio da amostra estudada e fazer uma revisédo de

escopo da literatura.
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3 METODOLOGIA

Estudo retrospectivo, transversal e observacional baseado em dados
obtidos a partir dos prontuarios médicos coletados entre janeiro de 2015 e
janeiro de 2019, englobando todos os pacientes com diagnodstico de
schwannoma vestibular tratados no Institudo de Neurologia de Curitiba (INC). A
pesquisa foi submetida ao Comité de Etica em Pesquisa em Seres Humanos
do Instituto de Neurologia de Curitiba (INC) conforme o CAAE
80395217.6.0000.5227, sendo aprovada apds adequacbes do modelo do
estudo. O preenchimento do termo de consentimento livre e esclarecido pelos

pacientes foi dispensado devido a natureza retrospectiva do estudo.

3.1 CARACTERIZACAO DAAMOSTRA

Os critérios de inclusao foram pacientes com schwannomas vestibulares
submetidos a tratamento cirdrgico no INC, apresentando exames de imagem
pré e poés-operatérios completos disponiveis, assim como confirmacao
histolégica no periodo pré-determinado. Foram excluidos pacientes portadores
de neurofibromatose e/ou submetidos a tratamento radioterapico, assim como
tumores que apresentaram extensdo intralabirintica ou portadores de

sindromes com potencial oncolodgico.

Entre janeiro de 2015 e janeiro de 2019 foram encontrados um total de
61 pacientes. Entretanto, 7 pacientes foram excluidos, sendo 1 caso de
schwannoma intralabirintico, 3 casos onde nao tivemos acesso as imagens
pré-operatorias e 3 casos onde nao foi realizado protocolo especifico para
avaliacdo do ouvido interno, impossibilitando a analise. Portanto, foram
incluidos um total de 54 pacientes com diagnostico de schwannoma vestibular

no estudo.
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3.2 PROTOCOLO DA RESSONANCIA MAGNETICA

Os exames de ressonancia magnética foram realizados em
equipamentos de 1.5 e 3.0 Tesla: (Signa HDxt; General Electric Medical
Systems, Milwaukee, WI, USA), campo magnético: 1.5 Tesla, bobina de 8
canais, através de sequéncias axiais 3D Fast Imaging Employing Steady-state
Acquisition (3D-FIESTA) com os seguintes parametros: tempo de repetigao
(TR) 4.9 ms; tempo de eco (TE) 1.8 ms; flip angle 60°; field of view (FOV) 190
mm; espessura 0.8 mm; number of excitations (NEX) 2; matrix 320x224; pixel
size 0.37x0.37 mm; e tempo de aquisicdo de 3 minutos and 40 segundos;
(Discovery MR750w; General Electric Medical Systems, Milwaukee, WI, USA),
campo magnético 3.0 Tesla, através de sequéncias axiais Fast Spin Echo T2
images (3D-CUBE) com os seguintes parametros: tempo de repeticao (TR)
3.000 ms; tempo de eco (TE) 414 ms; flip angle 90°; field of view (FOV) 120
mm; espessura 0.4 mm; number of excitations (NEX) 1; matrix 320x320; pixel

size 0.35x0.35 mm; e tempo de aquisicdo de 6 minutos e 34 segundos.

As imagens de tomografia computadorizada e ressonancia magnética
foram revisadas por um unico médico neurorradiologista (5 anos de experiéncia
clinica, BCAT). As imagens ponderadas em T2 foram analisadas em busca de
diminuta area de hiperssinal no dorso da ponte, proximo ao angulo lateral do
quarto ventriculo ipsilateral ao tumor (FIGURA 8). Foram realizadas analises
da afericdes do maior didmetro tumoral no plano axial, distdncia do tumor a
abertura coclear, calibre maximo do conduto auditivo interno, formacao de
cistos tumorais, realce homogéneo ou heterogéneo pelo contraste e
intensidade de sinal das cdcleas e vestibulos do labirinto membranoso nas
sequéncias FIESTA/CUBE e FLAIR ponderadas em T2 (FIGURAS 18 e 19). Os
tumores foram classificados como cisticos quando apresentavam areas
hiperintensas em T2 sem realce pelo contraste; heterogéneos quando
apresentavam areas sem realce pelo contraste e sem hiperssinal em T2; e
homogéneos quando ndao apresentavam areas sem realce pelo contraste ou
com hiperssinal em T2 (conforme FIGURA 6). O calculo do RIS foi realizado

através da obtencdo do valor da intensidade de sinal da céclea (RISc) ou
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vestibulo (RISv) através de posicionamento de ROI (region of interest) com 5
mm3 nestes locais divididos por outro ROl na profundidade do hemisfério
cerebelar ipsilateral com 50 mm3, de maneira similar a descrita previamente
descrito por Ishikawa (2013) (FIGURA 18). Calculo idéntico foi realizado
utilizando a sequéncia FLAIR volumétrica, de forma semelhante ao descrito por
Lee (2010) e conforme a FIGURA 19. Foi também realizado o calculo da
relacado do sinal do lado afetado pelo nao afetado (RSAN), que é obtido através

da divisao da RIS ipsilateral ao tumor pelo valor contralateral ao mesmo.

FIGURA 18 - POSICIONAMENTO DAS AREAS DE INTERESSE E MEDIDAS NA SEQUENCIA
PONDERADA EM T2 (FIESTA

FONTE: O autor (2019).
LEGENDA. Linha magenta: Didmetro maximo do tumor no plano axial; linha verde: distancia do
tumor até a abertura coclear; circulo laranja: intensidade de sinal da cdclea, circulo azul:
intensidade de sinal do vestibulo, circulo amarelo: intensidade de sinal do cerebelo; seta
vermelha: hiperintensidade no dorso do tronco encefalico.
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FIGURA 19 - POSICIONAMENTO DAS AREAS DE INTERESSE NA SEQUENCIA FLAIR E
ASSIMETRIA ENTRE O SINAL DOS OUVIDOS INTERNOS

FONTE: O autor (2019).
LEGENDA. Imagens de ressonancia magnética no plano axial e sagitais obliquos, na
sequéncia FLAIR, demonstrando lesdo expansiva na cisterna do angulo pontocerebelar a
esquerda com extensdo ao meato acustico interno, compativel com schwannoma vestibular.
Note a assimetria entre o0 sinal das estruturas dos ouvidos internos, apresentando sinal
aumentado do mesmo lado que o tumor. Circulo laranja: intensidade de sinal da céclea, circulo
azul: intensidade de sinal do vestibulo, circulo amarelo: intensidade de sinal do cerebelo.

3.3 PROTOCOLO DOS TESTES FUNCIONAIS DO NERVO
VESTIBULOCOCLEAR

3.3.1 Teste funcional das divisoes vestibulares

O TICV foi realizado por uma unica médica neuro-otologista experiente,
através de aparelho especifico com uso de 6culos acoplados a sistema de
video ICS (GN Otometrics, Taastrup, Denmark), sendo utilizado o software
Vestlab 7.1 para a andlise dos dados obtidos. O exame consistiu da analise dos
movimentos oculares realizado através de cédmera de video-oculografia com
reconhecimento de até 250Hz e um sensor de movimentos da cabeca.
Inicialmente o paciente é orientado a fixar o olhar em um alvo localizado a

cerca de 1 metro de distancia, depois o examinador realiza a rotacdo da
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cabeca do paciente no plano horizontal entre 15 e 20 graus, com duragao entra
150-200 milisegundos (ms), produzindo um pico de aceleragdo entre 2000-
6000 grau por segundo ao quadrado (deg/s2). A janela de avaliagédo entre 0 e
150 ms permite a analise de ambos os canais semicirculares laterais. Os
canais semicirculares verticais sao avaliados com uma rotagcdo da cabeca de
45 graus para a direita (canais semicirculares superior esquerdo e posterior
direito) e depois para a esquerda (canais semicirculares superior direito e
posterior esquerdo), produzindo um impulso anterior e depois posterior. Vinte
estimulos para cada canal semicircular sdo executados para garantir uma
resposta adequada. Os parametros avaliados sao: ganho do reflexo vestibulo-
oculomotor (relacao entre a velocidade da cabeca e o movimento dos olhos) de
cada canal, expresso em percentagens para avaliar o déficit funcional da orelha
afetada, e a presenca de sacadas overt e sacadas covert. O ganho do reflexo
vestibulo-oculomotor foi classificado como normal ou anormal conforme valores
normativos idade dependentes (MCGARVIE et al., 2015).

3.3.2 Testes funcionais da divisdo coclear

A audiometria tonal limiar foi realizada em cabine acustica com au-
didmetro Madsen Midimate 622 (GN Otometrics, Copenhagen, Dinamarca),
calibrado segundo o padrao ANSI S3.6-1996. Os limiares tonais por via aérea
foram obtidos com os tons puros nas frequéncias de 250 Hz, 500 Hz, 1000 Hz,
2000 Hz, 3000 Hz, 4000 Hz, 6000 Hz e 8000 Hz, apresentados em fones su-
pra-aurais (TDH 39). Os testes foram realizados e analizados seguindo
recomendacgoes internacionais para avaliagdo em pacientes com schwannomas
vestibulares (MONSELL et al., 1995).

O PEATE foi realizado utilizando o equipamento Interacoustics EP15
Eclipse (Interacoustics A/S). Foram usados como estimulo cliques com po-
laridades de rarefagao entre 1000-2000, sendo as repostas registradas através
de eletrodos de superficie seguindo o sistema internacional 10-20 (JASPER,
1958). Para fins de interpretagcdo dos resultados, dividimos em 3 padrdes

possiveis de resposta: transmissao normal do impulso (sem alteragdo das on-
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das); transmissao alterada (alteragdo na amplitude ou laténcia das ondas, mas
com morfologia preservada); e auséncia de resposta (auséncia de ondas dis-
cerniveis). Em nosso estudo optamos por utilzar a analise das laténcias dos
intervalos interpicos das ondas I-lll, |-V, 11V, sendo os mesmos considerados
normais, aumentados ou sem resposta ao estimulo, e a partir disso, respec-
tivamente interpretados como exame normal, alterado ou sem resposta ao
estimulo. A auséncia de resposta ao estimulo foi considerado o pior padrao de
resultado, definido quando nao foi detectado sinal em nenhuma das ondas.
Estes testes funcionais de analise do nervo vestibulococlear sdo execu-
tados de forma roteira na avaliacdo pré-operatdria de schwannomas vestibu-

lares no Instituto de Neurologia de Curitiba desde 2016.

3.4  ANALISE ESTATISTICA

Os dados foram digitados em planilha eletronica (Microsoft Excel®),
conferidos e exportados para posterior analise estatistica. Os resultados de
variaveis quantitativas foram descritos por média, desvio padrdo, mediana,
valor minimo e valor maximo. Variaveis categoricas foram descritas por
frequéncia e percentual. Para a comparagao de dois grupos, em relagdo a
variaveis quantitativas, foi usado o teste t de Student para amostras
independentes ou o teste ndo-paramétrico de Mann-Whitney. Variaveis
categodricas foram analisadas considerando-se o teste exato de Fisher ou o
teste de Qui-quadrado. Para avaliar a associagdo entre duas variaveis
quantitativas foram estimados coeficientes de correlagdo de Pearson. A
condigdo de normalidade das variaveis foi avaliada pelo teste de Kolmogorov-
Smirnov. Valores de p<0,05 indicaram significancia estatistica. Os dados foram

analisados com o programa computacional Stata/SE v.14.1. StataCorpLP, USA.
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4 RESULTADOS

41 ARTIGO 1: ANALISE DA RELAGCAO ENTRE OS ACHADOS DE IMA-
GEM E TESTES FUNCIONAIS VESTIBULOCLEARES COM O HIPERSSINAL
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ABSTRACT

Objectives: Focal hyperintensity in the dorsal brainstem (HDB) has been de-
scribed in large cerebellopontine angle tumors and is thought to represent ves-
tibular nuclei degeneration, but its functional significance has not been thor-
oughly investigated. Our aim was to analyze its relationship to imaging charac-
teristics of the tumor and inner ear structures and to vestibulocochlear function-
al tests.

Methods: We retrospectively reviewed 54 patients with a histological diagnosis
of vestibular schwannoma (VS). MRI tumor characteristics (size, cystic compo-
sition, and distance from the cochlear aperture); signal intensity ratio of the
cochlea and vestibule in FLAIR and FIESTA/CUBE; and vestibulocochlear func-
tion tests (audiometry, auditory brainstem response (ABR), and video head im-
pulse testing (vHIT)) were obtained. Statistical analyses were performed to
evaluate their relation to focal HDB.

Results: Focal HDB was found in 22% of VS. It was significantly associated
with large (p < 0.001) and cystic (p = 0.004) tumors and also with tumors locat-
ed more distant from the cochlear aperture (p = 0.039). The signal intensity ratio
of the cochlea on FLAIR was higher in patients with HDB (p < 0.014), but this
difference was not observed in FIESTA/CUBE (p = 0.981). Audiometry, ABR,
and vHIT results did not significantly differ in patients with HDB, but ABR results
were worse in patients with higher cochlear signal intensity on FLAIR sequenc-
es (p = 0.026).

Conclusions: Focal HDB in patients with VS was associated with increased
signal intensity ratio of the cochlea on FLAIR in patients with VS but not with
results of vestibulocochlear function tests.

Keywords: Neuroma, Acoustic, Cerebellopontine Angle, Brain Stem, Magnetic
resonance imaging, Vestibulocochlear Nerve.
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INTRODUCTION

Vestibular schwannoma (VS) is the most common tumor of the
cerebellopontine angle (1). It is a benign neoplasm originating from the
proliferation of Schwann cells in the vestibular branch of the vestibulocochlear
nerve near the myelin transition zone adjacent to the vestibular ganglion (2,3).
MRI provides excellent tumor characterization and is the modality of choice for
diagnosis and preoperative planning (4,5). Previous studies have described
MRI findings associated with VS: (1) a small area of hyperintensity in the dorsal
brainstem (HDB), particularly in large VS, and thought to arise from
degeneration of the vestibular nuclei (6,7); and (2) changes in the signal
intensity of ipsilateral inner ear structures, mainly explained by an increased

concentration of protein in the perilymphatic space (8-10).

The functional significance of HDB has not been thoroughly investigated;
therefore, we sought to analyze its relationship with vestibulocochlear function
testing and signal alteration of the labyrinth on fast imaging employing steady-
state acquisition (FIESTA)/fast spin-echo imaging with variable flip angles
(CUBE) and fluid-attenuated inversion recovery (FLAIR) MRI sequences (11—
13).

MATERIALS AND METHODS

From January 2015 to January 2019, 61 patients with previously
untreated unilateral sporadic VS proven by histopathological examination
underwent surgical treatment at our tertiary neurosurgical referral center.
Patients with intralabyrinthine extension of the tumor (one patient) and
inadequate preoperative MRI (six patients) were excluded. Fifty-four patients
were finally included for analysis. Institutional review board approval was
obtained. Written informed consent was not required because of the

retrospective nature of the study and the anonymization of patient data.
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MRI technique and evaluation

All patients underwent complete brain and inner ear MRI protocols
performed in a 1.5 Tesla scanner (Signa HDxt; General Electric) using an 8-
channel head coil or a 3.0 Tesla scanner (Discovery MR750w; General Electric)
using a 28-channel head and neck coil. In the 1.5 Tesla scanner, three
dimensional (3D)-FIESTA sequences were obtained with the following
parameters: TR =4.900 ms; TE = 1.800 ms; flip angle = 60°; FOV = 190 mm;
matrix = 320 x 224; section thickness = 0.8 mm; pixel size =0.37 x 0.37 mm;
and acquisition time = 3 min and 40 s. 3D-FLAIR sequence parameters in the
1.5 Tesla scanner were as follows: TR = 6500 ms; TE = 130 ms; Tl = 1960 ms;
flip angle = 90°; FOV =250 mm; matrix = 224 x 224; section
thickness = 1.0 mm; pixel size 0.48 x 0.48 mm; and acquisition time =7 min
and 20 s. In the 3.0 Tesla scanner, 3D-CUBE T2-weighted sequences were
obtained with the following parameters: TR =3000 ms; TE =414 ms; flip
angle = 90°; FOV =120 mm; matrix = 320 x 320; section thickness = 0.4 mm;
pixel size = 0.35 x 0.35; and acquisition time = 6 min and 34 s. Parameters for
3D-FLAIR sequences in the 3.0 Tesla scanner were as follows: TR = 5002 ms;
TE =138 ms; Tl = 1440 ms; flip angle = 90°; FOV =250 mm,;
matrix = 256 x 224; section thickness = 1.2 mm; pixel size 0.50 x 0.50 mm; and

acquisition time = 3 min and 53 s.

Axial maximum tumor diameter and distance from the tumor to the
cochlear aperture were measured by one neuroradiologist. We also classified
tumors by size wusing the Hannover classification: T1, completely
intracanalicular; T2, both intracanalicular and small cisternal extension; T3,
tumor fills the cerebellopontine angle cistern (with or without brainstem contact);
and T4, tumor displaces the brainstem (with or without fourth ventricle
displacement) (14). VS were also morphologically classified as solid (tumor
shows homogeneous contrast enhancement), heterogeneous (tumor has areas
without contrast enhancement but no significant alteration on T2-weighted
images), and cystic (tumor has hyperintense cavities within the tumor on T2-
weighted images without contrast enhancement of the cavity on gadolinium-

enhanced images (15). Finally, signal intensity measurements were performed
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on FIESTA/CUBE and FLAIR sequences using elliptical ROls in the cochleae,
vestibules, and cerebellar white matter bilaterally, as previously described by
Ishikawa et al. (9). The ratio of the signal intensity of the cochlea (SIRc) and
vestibule (SIRv) to that of the cerebellar white matter was calculated for each
side (Fig. 1).

Fig. 1 Measurements and positions of ROIs on an axial FIESTA MR image:
focal hyperintensity in the dorsal brain stem (red arrow), size (purple line),
cochlear aperture distance (green line), cochlea signal intensity (orange circle),
vestibule signal intensity (blue circle), and cerebellar signal intensity (yellow
circle). SIRc = orangel/yellow circles; SIRv = blue/yellow circles

Vestibulocochlear function tests

Video head impulse testing (vHIT) was performed by an experienced
neuro-otologist, using ICS Impulse video goggles and Vestlab 7.1 software
(Otometrics) for data analysis, according to a previously described protocol
(16). Briefly, the test consists of a system that senses head movement and

recognizes eye movement to quantify the vestibulo-ocular reflex (VOR). The
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examiner rotates the patient's head several times on various planes to evaluate
the lateral semicircular, superior semicircular, and posterior semicircular canals
on both sides. VOR gain is expressed as a percentage. In order to compare
vestibular function between patients, we considered the average VOR gain of
the three semicircular canals on the affected side, not just those that were

abnormal (17).

Hearing function was assessed by pure tone audiogram and speech
discrimination scores following the recommendations of the American Academy
of Otolaryngology-Head and Neck Surgery for VS [18]. Auditory brainstem
response (ABR) testing was performed using Interacoustics EP15 Eclipse
(Interacoustics A/S). Rarefaction polarity clicks between 1000-2000 are used as
stimuli, and responses are recorded with surface electrodes according to the
international 10—-20 system [19,20]. For interpretation, we divided results into
normal impulse transmission (no alteration of waves), altered transmission
(alteration of amplitude or latency, but waveform maintained), and lack of

response (no discernible waves formed).

Statistical analyses

Statistical analyses were performed with Stata/SE v.14.1 software
(StataCorpLP) using parametrical and non-parametrical tests. Descriptive
statistics are presented as mean, median, minimum, maximum, and standard
deviation. The unpaired t-test and Mann—-Whitney test were used to compare
quantitative variables. Fisher's exact test and the chi-squared test were used for

categorical variables. Statistical significance was defined as p < 0.05.

RESULTS

Of the 54 VS patients included in the study, 26 were men and 28 were
women. Mean age was 50.5 £ 12.3 years (range, 18-73). Forty-one patients

were examined in a 1.5 Tesla scanner and 13 in a 3.0 Tesla scanner.
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Focal HDB was found in 12 (10 patients, 1.5 Tesla; two patients, 3.0

Tesla) of 54 patients (22%). Tumors associated with HDB had a significantly

larger mean diameter than those without it (28 £7.4 mm vs. 17.4 + 8.4 mm;

p < 0.001). Cystic morphology (p = 0.004) and greater distance from the tumor

to the cochlear aperture (p = 0.039) also showed significant association with the

occurrence of HDB (Table 1). Other variables, including age, gender, and

laterality of tumor, were not associated with HDB.

Table 1. Tumor characteristics and HDB

HDB
Classifications Mean p*
No (n =42) Yes (n =12)

Size (mm) 19,9+ 9,5(3-45) | 17,4 +8,5(3-45) 28,8+7,4(18-45)| <0,001

Homogeneous 22 (40,7) 22 (52,4) 0(0)
Tumor
morphology Heterogeneous 15 (27,8) 10 (23,8) 5(41,7)

Cystic 17 (31,5) 10 (23,8) 7 (58,3) 0,004
Cochlear
aperture distance 25+£22(0-78) | 21+£21(0-78) 36+£25(0-7,5 | 0,039
(mm)

HDB hyperintensity dorsal brainstem

Inner ear MRI signal intensity

FLAIR-SIRc was significantly higher in patients with HDB (p = 0.014),

and this difference persisted in subgroup analyses: patients evaluated in 1.5

Tesla scanner with 3D-FLAIR sequences (p = 0.026); patients with Hannover T3

and T4 tumors (p = 0.016); and patients with Hannover T3/T4 tumors with cystic

or heterogeneous components (p = 0.017) (Table 2 and Fig. 2). There was no
association between HDB and FLAIR-SIRv, FIESTA/CUBE-SIRc, or SIRv.
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Table 2. Inner ear signal intensity ratios and HDB

HDB N Mean Median Minimum Maximum SD p*

FIESTA/CUBE-SIRc No 42 4,18 3,97 2,53 7,77 0,92

Yes 12 4,19 4,21 3,13 6,63 0,93 0,981
FIESTA/CUBE-SIRv No 42 521 4,86 2,97 11,92 1,43

Yes 12 5,30 5,21 4,10 7,66 0,94 0,837
FLAIR-SIRc No 41 0,81 0,81 0,27 1,63 0,33

Yes 11 1,11 0,99 0,65 2,08 0,41 0,014
FLAIR-SIRv No 41 0,56 0,51 0,12 1,42 0,32

Yes 1 0,77 0,66 0,23 1,39 0,38 0,070

HDB hyperintensity dorsal brainstem, FIESTA/CUBE fast imaging employing steady-state acquisition/fast
spin-echo imaging with variable flip angle, FLAIR fluid-attenuated inversion recovery, SIRc signal intensity
ratio of the cochlea, SIRv, signal intensity ratio of the vestibule. Note: Two patients were excluded from
FLAIR analyses because of inadequate examinations.

Vestibulocochlear function tests

We found no statistically significant association between HDB and ABR,
audiometry, or VHIT except for a marginally lower median VOR value when only
patients with Hannover T3/T4 tumors with cystic or heterogeneous components
were analyzed (0.66 + 0.17; p = 0.049) (Tables 3 and 4). Tumors with higher
FLAIR-SIRc had a significantly worse ABR (lack of response, p =0.026). A
similar association was found between FLAIR-SIRv and ABR (p = 0.035) (Table
5).



Table 3. Audiometry and HDB

HDB N Mean Median Minimum Maximum SD p*
PTA (dB) No 42 48,2 41 10 120 27,6

Yes 11 45,8 44 22 71 16,7 0,790
SDS (%) No 42 67,7 80 0 100 33,0

Yes 12 71,2 85 0 100 32,3 0,749

PTA pure tone audiometry, SDS speech discrimination scores, dB decibels, HDB hyperintensity dorsal
brainstem. Note: One patient was excluded from PTA analysls for inadequate examination.

Table 4. vHIT testing results and HDB in large tumors (Hannover T3/T4) with cystic or heterogeneous

component

HDB N Mean Median Minimum Maximum SD p*
Mean VOR No 13 0,80 0,83 0,45 1,06 0,16

Yes 12 0,66 0,70 0,40 0,86 0,17 0,049
Number of SC No 13 0,85 1 0 2 0,80

Yes 12 1,58 1.5 0 3 1,08 0,098

vHIT video head impulse testing, VOR vestibular ocular reflex, HDB hyperintensity dorsal brainstem, SC

semicircular canals

Table 5. Labyrinth signal intensity ratio and ABR

ABR  n Mean Median Minimu  Maximu o p*
m m

FIESTA/CUBE SIRc LOR 15 424 3,88 3,22 6,87 1,07
Others 27 416 3,98 3,17 5,45 057 0,790

FIESTA/CUBE SIRv LOR 15 565 4,92 399 1192 1,95
Others 27 503 491 4,14 6,14 0,58 0,246

FLAIR SIRc LOR 13 104 099 043 2,08 0,42
Others 27 073 073 027 1,28 025 0,026

FLAIR SIRv LOR 13 073 070 0,23 1,42 0,38
Others 27 047 046 017 1,06 020 0,035

52

ABR auditory brainstem response, LOR lack of response; Others (Increased, Normal, Only V recognized,
Increased | latency), FIESTA/CUBE fast imaging employing steady-state acquisition/fast spin-echo imaging
with variable flip angles, FLAIR fluid-attenuated inversion recovery, SIRc signal intensity ratio of the cochlea,
SIRv signal intensity ratio of the vestibule. Note: Only patients who performed 3D-FLAIR were used for the
analyses.
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DISCUSSION

Hyperintense signal abnormality in the pons of patients with VS was first
described by Okamoto et al. as a finding specific for VS (6); however, further
studies have also shown this finding in other lesions of the cerebellopontine
angle (7). The main hypothesis underlying this imaging finding is degeneration
of the vestibular nuclei; however, no studies supporting this theory have been
published. Vestibulocochlear nerve and nuclei degeneration have been
described in VS in anatomical and histopathological studies (21-23), but its
clinical relevance is not well-understood, and the presence of symptoms has
been difficult to separate from the underlying disease. One previous study
reported a correlation between HDB and decreased hearing ability (pure tone
audiometry) and vestibular function (caloric testing); those correlations did not
reach statistical significance in multivariate analyses however (7). Our study did

not find a direct association between HDB and vestibulocochlear function tests.

Tumor size is the most consistent variable associated with HDB in the
literature, as demonstrated by Yamamoto et al. (7) and Okamoto et al. (6),
possibly reflecting the role of nerve compression in its pathophysiology. We also
found a significant correlation between size of VS and presence of HDB and
concur with the hypothesis that chronic compression of the nerve is the most
logical cause. The presence of a cystic/heterogeneous component in the tumor,
which is only present in large (Hannover T3/T4) VS, has been previously
reported by Okamoto et al. (6) to be associated with HDB; this study found the
same, confirming their finding. Cystic degeneration is a known risk factor for
aggressive tumor behavior and has also been associated with increased
vascularity (3,24), which may lead to more adhesion to the brainstem and other
neural and vascular structures. The pathophysiology of cystic degeneration
involves recurrent hemorrhages and subsequent inflammatory changes, which
may account for the rapid nerve degeneration that has been observed in
vestibular function tests (15) as well as the difference in VOR values of patients
with HDB observed in this study. In addition, the association between tumor
distance from the cochlear aperture and HDB found in our study has not been
previously described but has been associated with larger tumors and cystic

degeneration (25,26).
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Inner ear fluid FLAIR signal hyperintensity has been described in patients
with VS using both 2D (8) and 3D techniques (12,13). This alteration is thought
to be due to increased protein content of the labyrinth, which is a known clinical
finding in VS, as labyrinthine taps used to be performed for diagnosis (27,28).
The literature regarding the significance of hyperintense inner ear fluid signal
has been contradictory. Although the majority of studies have found no clear
associations, Kim et al. found that intrameatal tumors, namely, small ones, had
significantly lower inner ear fluid signal intensity on FLAIR sequences compared
with tumors with extrameatal extension and that inner ear fluid signal intensity in
intrameatal lesions moderately correlated to hearing impairment as measured
by pure tone audiometry; however, the correlation was not significant (13). We
found that worse ABR results were associated with higher FLAIR-SIRc and
FLAIR-SIRv. In addition, we found that a higher FLAIR-SIRc was associated
with the presence of HDB, which supports the notion that HDB is an anatomical
and imaging manifestation of degeneration of the entire auditory pathway. To
our knowledge, no other studies have addressed the relationship between inner

ear signal intensity and HDB.

Finally, we found that HDB lesions had variable morphology and size,
with several cases demonstrating a linear configuration, obliquely oriented in
the sagittal plane (Figs. 2B and 3). This was also observed by Yamamoto et al.
(7), who attributed it to degeneration of the vestibular nerve itself. On the basis
of our functional and imaging results, we hypothesize that HDB could represent
degeneration of the cochlear nuclei. When confronting these findings with
histological and neurosurgical anatomical studies of the cochlear nuclei
complex, many morphological and topographical similarities arise (29-31).
Considering that HDB is associated with a higher SIRc, which in turn is
associated with degeneration of the auditory pathway, as shown by worse ABR
results, we hypothesize that the higher protein concentration in perilymph seen
in VS could lead to cochlear damage and contribute to cochlear nuclei
degeneration. In fact, a recent laboratory study has shown that secreted factors
from VS can cause variable types of direct cochlear damage, including loss of
hair cells and neuritis (32). Further studies are currently underway to further test

this hypothesis, and the increasing clinical use of 7 Tesla MRI scanners seems
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promising to better delineate brainstem anatomy, particularly of small structures
(33,34).

Fig. 2 Positions of ROls, inner ear intensity signal, and HDB on an axial FLAIR
MR image. (A) Cochlea signal intensity (orange circle), vestibule signal intensity
(blue circle), and cerebellar signal intensity (yellow circle). (B) Axial FIESTA
image demonstrating linear HDB ipsilateral to the tumor. (C) An oblique sagittal
reformatted FLAIR image with maximum intensity projection technique; signal
intensity of the labyrinth is higher ipsilateral to the tumor compared with the
contralateral side (D). HDB = hyperintensity in the dorsal brainstem.
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Fig. 3 HDB morphology. Axial FIESTA MR image with maximum intensity
projection technique clearly shows the linear shape and obliquely oriented
direction of the HDB.

Our study has several limitations. The use of different scanners with
different magnetic fields and variable techniques may have increased the
heterogeneity of the sample population data. However, our findings persisted
after multiple subgroup analyses. In addition, to measure inner ear signal
intensity, we manually placed small ROIs within its limits, which is prone to
manual errors since inner ear structures can be difficult to individualize on
FLAIR sequences; to compensate for this, we used FIESTA/CUBE sequences

as a reference to place the ROls.

In conclusion, focal HDB was associated with large and cystic VS, as
well as tumors farther from the cochlear aperture. Higher FLAIR-SIRc was also
associated with HDB, but not vestibulocochlear function tests. Our results
suggest that HDB is possibly an anatomical finding without clear and direct
functional relevance. Further studies are necessary to better delineate its exact

location and understand its clinical value.
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Abstract

Intermediate nerve schwannomas (INS) are extremely rare lesions in literature. They have been described mimicking facial nerve
schwannomas, but not vestibular schwannomas (VS). We aimed to review the previously published cases, as well as the evidence to
believe that they are far more common, though usually misdiagnosed as facial or VS. We performed a review of PubMed/Medline
and Embase of “intermediate nerve schwannoma,” “facial nerve schwannoma,” “greater superficial petrosal nerve schwannoma,”
“geniculate ganglion schwannoma,” and “chorda tympani schwannoma™ to identify all cases of INS, following the Preferred
Reporting Items for Systematic reviews and Meta-Analyses extension for Scoping Reviews (PRISMA-ScR) statement.
Furthermore, 2 cases operated at our center are shown to exemplify the proposed hypotheses. No article was excluded from review.
Thirteen cases of INS, 11 cases of chorda tympani schwannoma, and 18 cases of greater superficial petrosal nerve schwannoma
were found in literature. In facial nerve schwannomas, the predilection of schwannomas for sensory nerves, and the ability to
preserve the motor facial nerve during tumor resection support the hypothesis of intermediate nerve as the nerve of origin. For VSs,
the different arachnoidal arrangement of medial VS, the sharing of pia mater by the intermediate nerve and vestibular nerve, and the
medial Obersteiner-Redlich zone of the intermediate nerve, support the hypothesis of intermediate nerve origin of some VS. The
correct identification of the intermediate nerve as a nerve of origin of cerebellopontine angle schwannomas is of uttermost impor-
tance, especially when mistaken for VS, as this may account for the heterogeneity of facial and cochlear outcomes after surgery.
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Introduction

Vestibular schwannomas (VS) are the most common tumors
of the cerebellopontine angle (CPA) cistern, comprising
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around 90% of lesions of this region [23]. Less frequently
encountered are meningiomas, hemangiomas, lymphomas,
ependymomas, and schwannomas of other cranial nerves,
which may be mistaken for VS [10]. Facial nerve
schwannomas (FNS) represent 1-3% of CPA tumors [22,
33, 68], and in up to 21% they may mimic VS [11]. Even
though several authors propose that FNS actually arise from
its sensory branch, the intermediate nerve [21, 29, 31, 59, 60],
only 13 cases have been described as such in literature [4, 18,
25,34, 43,49, 52, 57, 60]. There are several histological and
anatomical features of the intermediate nerve that may also
suggest that schwannomas arising from it could be mistaken
for VS, though this hypothesis has not been previously de-
scribed. We hereby present a thorough summary of the rele-
vant histology and surgical anatomy of the intermediate, mo-
tor root of the facial, and vestibular nerves; previously pub-
lished cases of intermediate nerve schwannoma (INS), and the
current hypotheses and evidence behind INS mimicking either
FNS or VS.

(2} Springer
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ABSTRACT

Intermediate nerve schwannomas (INS) are extremely rare lesions in literature.
They have been described mimicking facial nerve schwannomas, but not
vestibular schwannomas (VS). We aimed to review the previously published
cases, as well as the evidence to believe that they are far more common,
though usually misdiagnosed as facial or VS. We performed a review of
PubMed/Medline and Embase of “intermediate nerve schwannoma”, “facial
nerve schwannoma”, “greater superficial petrosal nerve schwannoma”,
“geniculate ganglion schwannoma”, and “chorda tympani schwannoma” to
identify all cases of INS, following the Preferred Reporting Items for Systematic
reviews and Meta-Analyses extension for Scoping Reviews (PRISMA-ScR)
statement. Furthermore, 2 cases operated at our center are shown to exemplify
the proposed hypotheses. No article was excluded from review. 13 cases of
INS, 11 cases of chorda tympani schwannoma, and 18 cases of greater
superficial petrosal nerve schwannoma were found in literature. In facial nerve
schwannomas, the predilection of schwannomas for sensory nerves, and the
ability to preserve the motor facial nerve during tumor resection support the
hypothesis of intermediate nerve as the nerve of origin. For VSs, the different
arachnoidal arrangement of medial VS, the sharing of piamater by the
intermediate nerve and vestibular nerve, and the medial Obersteiner-Redlich
zone of the intermediate nerve, support the hypothesis of intermediate nerve
origin of some VS. The correct identification of the intermediate nerve as nerve
of origin of cerebellopontine angle schwannomas is of uttermost importance,
especially when mistaken for VS, as this may account for the heterogeneity of
facial and cochlear outcomes after surgery.
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INTRODUCTION

Vestibular schwannomas (VS) are the most common tumors of the
cerebellopontine angle (CPA) cistern, comprising around 90% of lesions of this
region [23]. Less frequently encountered are meningiomas, hemangiomas,
lymphomas, ependymomas and schwannomas of other cranial nerves, which
may be mistaken for VS [10]. Facial nerve schwannomas (FNS) represent 1-3%
of CPA tumors [22, 33, 68], and in up to 21% they may mimic VS [11]. Even
though several authors propose that FNS actually arise from its sensory branch,
the intermediate nerve [21, 29, 31, 59, 60], only 13 cases have been described
as such in literature [4, 18, 25, 34, 43, 49, 52, 57, 60]. There are several
histological and anatomical features of the intermediate nerve that may also
suggest that schwannomas arising from it could be mistaken for VS, though this
hypothesis has not been previously described. We hereby present a thorough
summary of the relevant histology and surgical anatomy of the intermediate,
motor root of the facial, and vestibular nerves; previously published cases of
intermediate nerve schwannoma (INS), and the current hypotheses and
evidence behind INS mimicking either FNS or VS.

MATERIALS AND METHODS

In March 2019, we performed an comprehensive PubMed/Medline and
Embase of “intermediate nerve schwannoma”, “facial nerve schwannoma’,
“greater superficial petrosal nerve schwannoma”, “geniculate ganglion
schwannoma”, and “chorda tympani schwannoma” to identify all published
cases of INS in all languages, following the Preferred Reporting ltems for
Systematic reviews and Meta-Analyses extension for Scoping Reviews
(PRISMA-ScR) statement. All full-text articles were evaluated to obtain clinical
and surgical features of INS, as well as to identify intermediate nerve
schwannomas classified as facial or vestibular nerve schwannomas. Two cases
operated at the Neurological Institute of Curitiba, Brazil are also presented to
exemplify both hypotheses. The study was approved by our institutional review

board, and the requirement to obtain consent was waived.



65

RESULTS

Available literature provided 9 articles with 13 patients with intermediate
nerve schwannoma [4, 18, 25, 34, 43, 49, 52, 57, 60]. 11 cases of chorda
tympani schwannomas summarized in one article [58], and 18 cases of GSPN
schwannoma, summarized in one paper [6] were also found. No article was

excluded from analysis.

REVIEW OF HISTOLOGY AND ANATOMY OF VESTIBULAR AND
INTERMEDIATE NERVES

Cranial nerves consist of 2 histologically distinct portions: a central/glial
zone, adjacent to the brainstem and similar to a fiber tract of white matter where
nerve axons are supported by neuroglia; and a peripheral zone,
indistinguishable from a peripheral nerve, supported by Schwann cells and their
associated neurilemmal sheaths [69]. The transitional zone, also known as the
Obersteiner-Redlich zone (ORZ), is where those two regions meet [39], and it is

frequently cited as the origin of VS, though only 7.5% actually arise from it [50].

The Vestibular Nerve

The vestibulocochlear nerve contains special sensory fibers of the
auditory and vestibular systems. In the case of the vestibular nerve, it carries
fibers from the semicircular canals, utricle and saccule, forming the superior and
inferior vestibular nerves, then merging to form the common vestibular nerve
inside the IAC, and finally merging with the cochlear branch to form the
vestibulocochlear nerve [9]. There is a high variability as to where these
mergings occur [46, 61]. The vestibular branch courses through the CPA
posterior to the facial (anterosuperior) and cochlear (anteroinferior) nerves [55],
though this relationship only holds true in the most lateral part of the IAC. In the
CPA and medial IAC, these nerves rotate, with the cochlear branch traveling
inferiorly to the vestibular branch and the facial nerve rotating anterior and

caudal to the vestibulocochlear nerve when entering the pons [61].
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The Nervus Intermedius of Wrisberg

The intermediate nerve was first described by Heinrich August Wrisberg
in 1563 [74]. It carries parasympathetic fibers from the superior salivatory
nucleus to the lacrimal, nasopalatine, submandibular, and sublingual glands;
transmits sensory information from gustatory receptors of the tongue to the
nucleus solitarius; and general sensitive afference from the Ramsay-Hunt area
to the spinal nucleus of the trigeminal nerve [2, 5, 62]. 86% of its axons are
myelinated [4]. The course of the intermediate nerve is divided into cisternal,
meatal, labyrinthal and extracranial segments [74]. The cisternal part is highly
variable, with 1 to 5 rootlets coalescing to form the nerve. Rootlets may arise
directly from the pons (31.9%), but most of them arise from the
vestibulocochlear nerve (43.9%), and less likely from the motor root of the facial
nerve (12.6%) [42]. In 55% of cases the rootlets have multiple origins, with at
least 1 bundle arising from the vestibular nerve in 77.8% of cases, directly from
the brainstem in 59%, and in 25% from the facial nerve [1]. The nerve courses
the CPA between the vestibulocochlear and facial nerve as a single bundle in
23.8%, as 2 bundles in 31%, and between 3-5 bundles in 45.2% [1]. In 85% of
cases, the intermediate nerve joins the motor branch of the facial nerve around
3.2mm from the fundus of the IAC [1, 3]. Inside the temporal bone, it gives off 2
main branches, the greater superficial petrosal nerve, which carries general
afferent and parasympathetic fibers; and the chorda tympani nerve, which
carries special sensory fibers. At the level of the stylomastoid foramen, only

motor and general sensory fibers pass [5].

Relationship between the Nervus Intermedius and the Vestibulocochlear
Complex

The peripheral zone of the intermediate nerve begins 2-3mm from the

root entry zone (REZ) [17, 55], with a mean distance between the brainstem
and ORZ of 0.66mm [3]. The ORZ of the motor facial nerve is found 0.28mm
from the point where the facial nerve is no longer adhered to the brainstem
piamater [72]. For the vestibulocochlear nerve, mean length of the glial zone is
9.75mm, with the ORZ located medial to the meatus of the IAC in 56%, at the
level of the meatus in 18% and within the IAC in 26% (Figure 1) [8]. The
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intermediate nerve in its cisternal segment has no perineurium or epineurium
[20, 67], and is closely adherent to the anterior surface of the vestibular nerve
[48], even sharing its pial covering [46, 55]. The average length of adherence to
the SVN is approx. 8mm, and in 20% of cases, the intermediate nerve is
impossible to separate from the vestibular nerve along its intracisternal course
[48]. Moreover, in the cisternal segment, the intermediate nerve gives off a
number of fine anastomoses to the facial and vestibulocochlear complex [16,
47].

Brainstem

VN Central Myelin . Peripheral Myelin

IN [
FN |

Figure 1. Schematic drawing of the transition zone of the vestibular (VN),
intermediate (IN), and facial (FN) nerves. The Obersteiner-Redlich zone (ORZ)
that separates central from peripheral myelin is located near the meatus of the
internal auditory canal (IAC), around 8mm from the brainstem, whereas in both
the facial and intermediate, the ORZ is less than 1mm from the brainstem
(adapted from references 3, 8, 71).

PREOPERATIVE AND INTRAOPERATIVE IDENTIFICATION OF THE
INTERMEDIATE NERVE

The intermediate nerve mediates tearing, taste, sensitivity of the
Ramsay-Hunt area and nasal mucosa, which can be clinically evaluated by the
presence of crocodile tears, eye dryness, decreased taste sensation,
dysgeusia, Hitselberger’s sign, pathological nasolacrimal reflex and abnormal
Schirmer’s test. Moreover, facial nerve paresis limited to orbicularis oris and
fibrillation potentials of orbicularis oris on electromyography may also be
suggestive of intermediate nerve dysfunction [57]. However, clinical features are
not usually helpful in determining the origin of schwannomas, since

vestibulocochlear symptoms are frequent in both facial and vestibular
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schwannomas, and hypofunction of the intermediate nerve may be see in 33%
of patients with medium-sized VS, 60% in tumors up to 40 mm in diameter, and
in 79% with tumors larger than 40 mm [71], although other reports found lower
incidences [20, 38, 67, 71]. MRI has yielded low visibility of the intermediate
nerve even in patients without lesions, being able to identify it in 9.6% of 3-Tesla

images and 60% in 7-Tesla images [74].

Intraoperative stimulation of the nervus intermedius produces a long-
latency, low-amplitude response recorded on the orbicularis oris and nasals
muscle [4, 7, 57, 66], with a mean threshold of 0.4V, mean latency of 11.1ms
and mean amplitude 11.1uV [4, 7]. Direct tumor stimulation in cases of INS may
also show this electromyographic response [56]. In surgery for VS one study
was able to microscopically identify the intermediate nerve in 75% of cases, and

electrophysiologically in 80.5% [4].

INTERMEDIATE NERVE SCHWANNOMAS

Table 1 shows previously described cases of intermediate nerve
schwannomas in live patients (excluding cadaveric reports). Alfieri et al,
mentioned an additional case, though no further information was provided on
the manuscript, and therefore, was not added to the table [4]. Besides those,
Saito and Baxter described in cadavers 5 FNS, on which 2 cases the authors
identified their origin on the intermediate nerve, and in other 3 cases it could
also be inferred as such, based on their description [52]. Finally, 11 cases of
isolated schwannoma of the chorda tympani and 18 cases of isolated GSPN

schwannoma were also found in literature [6, 58].
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Table 1 (continued)

Medially, nerve of origin

identified as intermediate nerve

Sherman, et al [60] N/R

PFP HB-II

NR
NR
N/R

N/R
N/R
N/R

N/R
N/R
N/R

N/R
N/R
N/R

PFP HB-II. AAOHNS A

N/R
N/R

Mowry, et al [34]

Normal facial nerve function.

AAOHNS A

PFP HB-III and taste disorder.

Motor facial nerve root intact before

N/R

Preserved

N/R

99% tumor resection

Hosoya, et al [18]

Almost complete resolution

after 3 months

Preserved. Normal ~ Stimulation of nerve of origin eliciting  PFP HB-1I. No intermediate nerve

resection

Displaced anterosuperiorly.

Displaced

Tumor between SVN and Facial

This report

symptoms, Preserved hearing

position response in orbicularis oris

Preserved

posteriorly.

nerve. Extremely adherent to

SVN

Preservation of
both nerves
SVN displaced

Maintained PFP HB V and

Preserved. Normal  Facial nerve irmritated during resection

Displaced anteroinferiorly.

Tumor without significant

crocodile tears. No new deficits

of the tumor on facial canal

posterosuperior- Irritated during resection position

ly. Preservation
of both nerves

adhesion to the facial nerve.

of the tumor on the facial

canal. Preserved

Nerve of origin identified on

posterior fossa

intermediate nerve dysfunction were noted, and the patient
developed a House-Brackmann grade 1I facial nerve palsy.

Case 2 (Video 2, Fig. 3). 25-year-old woman. History of 3
episodes of left peripheral facial palsy within 2 years. Physical
examination showed a left House-Brackmann grade V facial
palsy and crocodile tears. MRI showed a lesion extending
from the left CPA to the middle cranial fossa, following the
path of the GSPN. MR tractography showed the facial nerve
in the CPA displaced anteroinferiorly. Audiometry evidenced
an AAOHNS class A hearing, and ABR and vHIT were nor-
mal. Electromyography showed mild axonotmesis on the en-
tire left facial nerve, without active denervation. A left com-
bined subtemporal and retrosigmoid approach was planned.
Surgery begun with the subtemporal approach, removing the
mass on the path of the GSPN. The tumor was then followed
into the dehiscent facial canal, where the facial nerve was
mildly irritated on monitoring during tumor manipulation.
The roof of the IAC was opened and a partial anterior
petrosectomy was performed, which allowed identification
of the CPA component of the tumor. The posterior fossa lesion
was effortlessly pushed into the medial fossa, without signif-
icant adhesion to posterior fossa tissues. The proximal nerve
of origin was identified as the intermediate nerve next to the
SVN and cut. The facial nerve was visualized anterior and
superior inside the IAC, and anteroinferiorly near the
brainstem, without adhesion to the tumor, and therefore ana-
tomically preserved. After complete resection, the facial nerve
was stimulated in the posterior fossa and facial canal, without
alteration when compared to the basal parameters.
Histopathological and immunohistochemical examination of
the tumor confirmed a cellular schwannoma. Postoperatively,
the patient maintained a House-Brackmann V palsy and croc-
odile tears, without new deficits.

Fadial nerve schwannomas possibly originating
from the nervus intermedius

It has been stated that schwannomas have a predilection for
sensory nerves [14, 32, 59], and several authors have proposed
that FNS actually arise from its sensory branch [21, 29-31, 59,
701, but this hypothesis has been difficult to prove in vivo. The
majority of FNS arise from the intratemporal portion of the
facial nerve, where both motor facial and intermediate fibers
pass [13], and they most frequently extend to the geniculate
ganglion and along the course of the GSPN [7, 22, 57]. Since
both GSPN and chorda tympani nerve do not contain motor
nerve fibers [5], a schwannoma extending into these structures
should be considered as INS. Pulec described 14 cases of FNS,
where at least 4 could be considered as intratemporal INS [45].
Moreover, some authors have described preserved postopera-
tive facial nerve function in FNS resection using a “fascicle-
sparing technique,” where the fascicles of the facial nerve are

| Springer
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Table 1: Cases of intermediate nerve schwannoma in literature, excluding post-
mortem cases. |IOM: Intraoperative Monitoring; AAOHNS: American Academy of
Otolaryngology-Head and Neck Surgery hearing classification; EMG:
Electromyography; MRI: Magnetic Resonance Imaging; SVN: Superior
Vestibular Nerve; N/R: Not Recorded; CPA: Cerebellopontine Angle; PFP:
Peripheral Facial Palsy; HB: House-Brackmann scale; RExZ: Root Exit Zone;
DSA: Digital Subtraction Angiography, N/P: Not Performed; ABR: Auditory
Brainstem Response; IAC: Internal Auditory Canal; vHIT: Video Head Impulse
Test.

Two examples of intermediate nerve schwannoma operated by the authors are

shown below:

Figure 2: Case 1: Left cisternal intermediate nerve schwannoma. A and B:
Preoperative MRI (Oblique fused 3D T1- and T2-weighted images) showing a
tumor inside the internal auditory canal (IAC) extending into the
cerebellopontine cistern, dislocating the facial nerve anterosuperiorly and the
vestibulocochlear nerve posteroinferiorly. C: Exposition of the tumor through a
left retrosigmoid craniotomy with clear evidence of arachnoidal duplication. D:
After the opening of the IAC, the tumor is visualized anterior to the vestibular
nerve. E: Identification of intermediate nerve in the cistern as the nerve of origin.
F: after complete resection, anatomical preservation of the vestibulocochlear
nerve posteroinferiorly and the facial nerve anterosuperiorly, confirming the MRI
finding. IN: Intermediate Nerve; T: Tumor; VII: Motor branch of the facial nerve;
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VIII: Vestibulocochlear nerve.

Figure 3: Case 2: Left intermediate nerve schwannoma extending from the
posterior to the middle fossa. A and B: Preoperative MRI (Oblique fused 3D T1-
and T2-weighted images), showing the tumor (arrowheads) in the middle fossa
and internal auditory canal (IAC). In the cerebellopontine angle cistern, the
tumor is seen between the facial and vestibular nerves, with MR tractography
confirming the anterosuperior position of the facial nerve. C: CT of the left
petrous bone showing remodeling of the IAC, labyrinthine and tympanic
segments (arrow) of the facial canal, as well as dehiscence of the roof of the
geniculate ganglion (point). D: Exposition of the extradural middle fossa portion
of the tumor through a left middle fossa approach. E: After resection of the
middle fossa component, the IAC was unroofed and resection of the posterior
fossa component was achieved. F: After gross total resection, the facial nerve
was seen anteroinferiorly near the brainstem and stimulated on the
anterosuperior wall of the IAC. BS: Brainstem; T. Tumor; VII: Motor branch of
the facial nerve; VIII: Vestibulocochlear nerve.

Case 1 (Video 1, Figure 2, available online at
https://link.springer.com/epdf/10.1007/s10143-019-01173): 35-year old man. 12-
month history of left tinnitus. Physical examination was unremarkable, without
intermediate nerve symptoms. MRI showed a lesion compatible with a
Hannover-T1 VS that was initially observed due to a concurrent multifocal
polyneuropathy that was being treated with azathioprine and periodic
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intravenous immunoglobulin. Follow-up showed rapid growth of the lesion
(8.6mm/year), to a Hannover-T3a tumor (1.2cm) within 2 years, so surgery was
scheduled. Interestingly, the distance between the tumor and the end of the IAC
increased from 2.5mm to 6.1mm during follow up. Preoperative audiometry
showed an AAOHNS class A hearing, loss of wave Ill and V on auditory
brainstem response (ABR), and video head impulse test (VHIT) with overt
saccades on the posterior semicircular canal, suggestive of IVN hypofunction. A
left retrosigmoid transmeatal approach was performed. The tumor was located
between the SVN and facial nerve, and was extremely adherent to the SVN.
During tumor dissection, the nerve of origin was identified proximal and distal to
the lesion. Intraoperative stimulation of the nerve of origin elicited response in
the orbicularis oris muscle (nasalis muscle was not monitored). The tumor was
completely resected together with the nerve of origin. Histological evaluation
confirmed the diagnosis of schwannoma. Postoperatively, no signs or
symptoms of intermediate nerve dysfunction were noted, and the patient
developed a House-Brackmann grade Il facial nerve palsy.

Case 2 (Video 2, Figure 3, available online at
https://link.springer.com/epdf/10.1007/s10143-019-01173): 25-year old woman.
History of 3 episodes of left peripheral facial palsy within 2 years. Physical
examination showed a left House-Brackmann grade V facial palsy and crocodile
tears. MRI showed a lesion extending from the left CPA to the middle cranial
fossa, following the path of the GSPN. MR tractography showed the facial nerve
in the CPA displaced anteroinferiorly. Audiometry evidenced an AAOHNS class
A hearing, and ABR and vHIT were normal. Electromyography showed mild
axonotmesis on the entire left facial nerve, without active denervation. A left
combined subtemporal and retrosigmoid approach was planned. Surgery begun
with the subtemporal approach, removing the mass on the path of the GSPN.
The tumor was then followed into the dehiscent facial canal, where the facial
nerve was mildly irritated on monitoring during tumor manipulation. The roof of
the IAC was opened and a partial anterior petrosectomy was performed, which
allowed identification of the CPA component of the tumor. The posterior fossa
lesion was effortlessly pushed into the medial fossa, without significant
adhesion to posterior fossa tissues. The proximal nerve of origin was identified
as the intermediate nerve next to the SVN and cut. The facial nerve was
visualized anterior and superior inside the IAC, and anteroinferiorly near the
brainstem, without adhesion to the tumor, and therefore anatomically preserved.
After complete resection, the facial nerve was stimulated in the posterior fossa
and facial canal, without alteration when compared to the basal parameters.
Histopathological and immunohistochemical examination of the tumor confirmed
a cellular schwannoma. Postoperatively, the patient maintained a House-
Brackmann V palsy and crocodile tears, without new deficits.

FACIAL NERVE SCHWANNOMAS POSSIBLY ORIGINATING FROM THE
NERVUS INTERMEDIUS

It has been stated that schwannomas have a predilection for sensory

nerves [14, 32, 59], and several authors have proposed that FNS actually arise
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from its sensory branch [21, 29, 31, 59, 70], but this hypothesis has been
difficult to prove in vivo. The maijority of FNS arise from the intratemporal portion
of the facial nerve, where both motor facial and intermediate fibers pass [13],
and they most frequently extend to the geniculate ganglion and along the
course of the GSPN [7, 22, 57]. Since both GSPN and chorda tympani nerve do
not contain motor nerve fibers [5], a schwannoma extending into these
structures should be considered as INS. Pulec described 14 cases of FNS,
where at least 4 could be considered as intratemporal INS [45]. Moreover, some
authors have described preserved postoperative facial nerve function in FNS
resection using a “fascicle-sparing technique”, where the fascicles of the facial
nerve are dissected within the tumor [12, 15, 26, 32, 34, 35, 40, 51]. In none of
the reported cases the course of the intermediate nerve was described.
According to descriptions of VS surgery, the fibers of the nerve of origin are
flattened out [36], laying dispersed about the periphery of the tumor, also
infiltrating normally-appearing proximal and distal nerve [37], making it seem
almost impossible to achieve gross total resection and preserve facial nerve
fascicles if the nerve of origin was in fact the motor branch of the facial nerve,

supporting the hypothesis of intermediate nerve as origin.

VESTIBULAR SCHWANNOMAS POSSIBLY ORIGINATING FROM THE
INTERMEDIATE NERVE: MEDIAL VESTIBULAR SCHWANNOMAS AND
EPIARACHNOID/SUBARACHNOID ORIGIN OF VESTIBULAR
SCHWANNOMAS

The concept of medial VS was first proposed by Tos in 1992, defining it
as an extrameatal tumor without extension to the IAC [73], though some authors
allow up to 2.5mm of IAC filling [65]. Incidence of medial VS varies from 1.3 to
12% of case series [19, 73], though its real incidence may be influenced by the
method for evaluating IAC filling (Tos original description was with CT). Besides
its lack of intrameatal extension, these tumors have a lower proportion of IAC
widening, higher incidence of cystic component, shorter period of symptoms
before diagnosis, are larger than non-medial VS, and a have a higher incidence
of cerebellar, trigeminal, cochlear and facial dysfunction, but not of intermediate
nerve involvement [19, 73]. Even though the cause of this variant is still under

discussion, the main hypothesis lies on the origin of the lesion medial or at the
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level of the meatus of the IAC [73], which paired with a rapider growth - such as
cystic VS, which are known to have a different biological behavior [44] - would
cause the tumor to extend to the path of least resistance, namely the cistern
and not the IAC. This would also mean that for the lesion to extend into the
cistern as rapidly as seen in these cases, the nerve of origin should also have a
histological path of least resistance for the tumor to grow. Currently, there is no
evidence to suggest that the ORZ or oligodendrocytes limit the growth of
schwannomas thought the nerves, though if it were not the case, some large
schwannomas could possibly extend into the brainstem parenchyma, following
the subpial sheath of its nerve of origin. As stated above, the intermediate nerve
has an ORZ next to the pons, whereas the vestibulocochlear nerve has it near
the IAC, thus, the intermediate nerve would fit this condition (Figure 4).
Moreover, the vestibular nerve may be mistaken as the origin in these cases
due to the course of both nerves within the same pial covering [46, 55], making
it almost impossible to distinguish the true origin of the tumor, especially
considering that the tumor does not extend into the IAC, where the nerves are

more easily identifiable during surgery.

Brainstem Brainstem

VN

VN

VN

VN

Figure 4: Hypothesis of different growth patterns between vestibular
schwannoma (VS) and intermediate nerve schwannoma. A: (1) In vestibular
schwannomas, the tumor originates from the peripheral zone lateral to the
Obersteiner-Redlich zone (ORZ), near the meatus or inside the internal auditory
canal (IAC). This would correspond to a Hannover-T1 VS. (B) The tumor
gradually grows inside the IAC, with limited cisternal growth due to the ORZ.
This would correspond to a Hannover-T2 VS. (C) Due to increased
intracanalicular pressure, the IAC gradually increases its diameter. (D) The
tumor grows into the cistern not infiltrating the central myelin zone of the nerve,
but displacing it eccentrically. This would correspond to a Hannover-T3 and T4
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VS. B: (1) In intermediate nerve schwannomas, the tumor also originates from
the peripheral zone. (2) During growth of the lesion, it will gradually fill the IAC,
but since the ORZ does not limit cisternal growth, there will be a tendency to
expand into the cistern rather than into the IAC. (3) The filling of the IAC will
also increase intracanalicular pressure, and therefore its diameter will increase,
but the tumor will gradually grow away from the canal, infiltrating the peripheral
zone of the nerve, giving the impression of a medial vestibular schwannoma. (4)
When the tumor finally reaches the ORZ and central myelin zone near the
brainstem, it will displace them to the periphery of the lesion. IN: Intermediate
nerve; VN: Vestibular Nerve.

In the same way, there is a long-held discussion whether VS have
epiarachnoid or subarachnoid origin, with some authors showing that
epiarachnoid VS (2% of all tumors) also tend to be medial VS [24, 41]. Though
the hypothesis of arachnoidal duplication in epiarachnoid tumors has been
questioned in cadaveric studies that failed to show this arrangement [27], it may
possibly be justified by a different nerve of origin. The subpial growth of the
schwannoma along the cisternal part of the intermediate nerve might create a
different arachnoidal distribution than in vestibular schwannomas, where the
histological barrier of the ORZ creates an eccentric growth of the tumor in the
lateral CPA, with early contact of the tumor with the petrous duramater, trapping

the arachnoid in this point, as proposed by Kohno, et al [24].

DISCUSSION

The intermediate nerve has long been overlooked in surgery of the CPA,
with few studies evaluating its dysfunction before or after the procedure [20, 38,
67, 71]. Previously reported cases of INS, found preoperative intermediate
nerve dysfunction in only 1 case [43], thus, it cannot be used to reliably suspect
INS. Lack of pre- and postoperative intermediate nerve symptoms after INS
surgery are influenced by the fact that a variable amount of intermediate nerve
fibers cross the CPA within the cochlear nerve [48], thus, those fibers would be

spared from in an INS, and would also be more protected in cases of VS [43].

The low incidence of INS seems disproportionate to its number of
myelinized fibers, so the hypothesis that these tumors are misdiagnosed is
compelling, especially considering the unique characteristics of the intermediate

nerve in relation to the facial and vestibular nerve, leading to the following



77

rationale:

1. The intermediate nerve might be the origin of most facial nerve

schwannomas:

- Intratemporal schwannomas that extend into the GSPN or chorda tympani
should be classified as INS, since there are no motor fibers in those
branches. Of the 10 INS in table 1, three extended into the path of the GSPN,
which helped on the identification of the nerve of origin. The others were
located in the posterior fossa and IAC, where only careful dissection and

serial stimulation allowed correct diagnosis.

- Cases on which the motor branch of the facial nerve is anatomically
preserved during surgery are highly suspicious of INS, due to the deformation
that the nerve of origin suffers during tumor growth, making anatomical

preservation almost impossible to achieve, as illustrated in Case 2.

2. The intermediate nerve may be the origin of some vestibular schwannomas.

- For medial VS, the medially-located ORZ of the intermediate nerve would
create a histological path of least resistance for the schwannoma to grow into
the cistern, whereas in VS, the ORZ is located around the internal auditory
meatus, forcing the tumor to grow inside the IAC before growing into the
cistern. In INS, the tumor may arise from the intracanalicular segment of the
nerve, and during growth, the lesion may gradually “medialize” for the same
reason, such as in Case 1. This medialization process has not been
previously described in VS, and would support the notion that medial VS

could arise from the intermediate nerve.

- The intermediate nerve shares the pial covering of the superior vestibular
nerve on most of its cisternal and meatal segments. The medial subpial
growth of INS along the cistern, may produce a different arachnoidal
arrangement than a VS, whose growth is limited by the ORZ at the IAC. This
would justify the arachnoid folding seen in epiarachnoid VS, which are usually
medial VS, as well [23, 26, 40]. Of note, there are no publications studying

the histologic relationships between the intermediate and vestibulocochlear
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ORZ, as well as the disposition of the arachnoid on the common, superior

and inferior vestibular nerves, which would help to refine this theory.

An area we believe would further advance the diagnosis of INS, is the
improvement in identification of the nerves of the CPA preoperatively and during
surgery. For skull base surgeons familiarized with VS surgery, intraoperative
identification of the nerve of origin may be extremely challenging and
sometimes not even possible, particularly in large lesions, which is reflected on
the fact that most INS published before our report were small (<1cm) lesions,
without significant distortion of the surrounding structures. 7T MRI and nerve
tractography seem promising to preoperatively evaluate the CPA [63, 75],
though they are still a long way to achieve this goal. Regarding intraoperative
identification of the nerve of origin, recent advances on intraoperative
monitoring seem promising, especially the use of facial nerve root evoked
muscle action potential (FREMAP), which was particularly useful in the most
recent report of INS [18] As our capability to precisely map the tumor and
surrounding nerves improves, we are certain that the incidence of INS will
increase significantly. Finally, we are prone to believe that displacement
patterns of the motor branch of the facial nerve may be useful in identifying
patients with INS, due to their anatomical relationships, as in both our cases the
tumor grew between the facial and vestibular nerves. Lescane, et al, showed
that in cases where epiarachnoid origin of the tumor was suspected, facial
nerve was displaced anteriorly and stretched over the tumor surface [27].
Strauss, et al, reported 8 patients with splitting of the facial nerve, with one
branch crossing the CPA in the cranial anterior part of the capsule, eliciting
EMG responses from orbicularis oris muscle, with or without nasalis muscle,
which is compatible with the nervus intermedius [64]. Thus far, the lack of
current histological studies analyzing the histological relationships between the
facial, intermediate and vestibulocochlear nerves and ORZ is the main limiting
factor to further advance these hypotheses. For now, we must increase the
awareness of skull base surgeons about existence of intermediate nerve
schwannomas, and continue to stress the importance of trying to identify the

nerve of origin of CPA schwannomas to the best of our capabilities, as INS
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could explain the variation in hearing and facial nerve presentation and

outcomes between apparently identical VS.

CONCLUSION

Intermediate nerve schwannomas are rare lesions, which may be
extremely difficult to distinguish from vestibular or facial nerve schwannomas.
Most facial nerve schwannomas are possibly, intermediate nerve
schwannomas, and there is some evidence to propose that medial and

epiarachnoid VS may actually arise from the intermediate nerve.
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5 CONCLUSOES

1.

Hiperintensidade focal no dorso do tronco encefalico em pacientes com
schwannomas vestibulares esta associada a tumores maiores, com
morfologia cistica e localizados mais distantes da abertura coclear.
Hiperintensidade focal no dorso do tronco encefalico em pacientes com
schwannomas vestibulares esta associada com maior sinal da céclea na
ressonancia magnética na sequéncia FLAIR, mas ndo com os testes
funcionais do nervo vestibulococlear. Entretanto, o potencial evocado
auditivo do tronco encefalico apresentou resultados piores nos casos
com maior sinal da coclea na ressonancia magética na sequéncia
FLAIR.

Os schwannomas do éangulo pontocerebelar originarios do nervo
intermédio podem ser mais comuns do que imaginamos, pois podem ser
confundidos com schwannomas faciais e vestibulares, baseado em
caracteristicas anatdbmicas compartilhadas entre os nervos, entre elas
rearranjo da aracnodide, compartiihamento da piamater e localizagao

mais medial da zona de Obersteiner-Redlich.
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