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RESUMO

O presente estudo determina os valores normais das estruturas intraoculares, do
didmetro do nervo 6ptico e de sua bainha em gatos domésticos por meio da TC single-
slice e RM de baixo-campo. Foram avaliados retrospectivamente 52 olhos na TC, 42
olhos e 60 nervos Opticos com suas bainhas correspondentes na RM. Os valores de
comprimento e radiodensidade foram determinados para a camara anterior, lente e
camara vitrea, bem como o didmetro do nervo éptico e de sua bainha. Na TC, nao
houve influéncia da idade, sexo e peso corporal dos animais entre as medidas. Na
RM, o didametro do nervo 6ptico e de sua bainha demonstraram diferenca estatistica
(P<0,05) entre as idades, sendo que animais idosos apresentaram maiores valores.
Identificou-se correlagéo positiva fraca entre o peso corporal e o diametro da bainha
do nervo Optico, com aumento deste valor em animais mais pesados. Nao foi
demonstrada influéncia do sexo nas mensuragdes realizadas. TC e RM de baixa
resolucdo sdo métodos adequados para a avaliagdo biométrica do bulbo ocular, do
nervo optico e de sua bainha. A RM apresentou melhor resolucdo de imagem e
possibilitou a avaliagdo do nervo Optico, o que nédo foi possivel pela TC. Os valores de
normalidade reportados pelo presente trabalho auxiliardo na interpretacdo da

normalidade orbital de exames de cranio de gatos domésticos.

Palavras-chave: Diagnostico-por-imagem; Gato; Oculometria; Olho.
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ABSTRACT

This study provides normal values of intraocular structures, optic nerve and optic nerve
sheath complex of domestic cats on single-slice CT and low-field MRI. In total, 52 eyes
were retrospectively studied on CT, 42 eyes and 60 optic nerves were evaluated using
MRI. Length and radiodensity values for the anterior chamber, lens and vitreous
chamber were assessed, as well as width of the optic nerve and optic nerve sheath
complex diameters. On CT, there was no significant correlation between the
measurements and age, sex and body weight. On MRI, measurements of the optic
nerve and optic nerve sheath complex diameters had significant differences (P < 0.05)
noted between ages, with senior cats having higher values. There was a weak
correlation between body weight and optic nerve sheath complex diameter, with an
increase in the optic nerve sheath complex diameter noted with increasing weight. No
gender influence was found on MRI evaluation. Single-slice CT and low-field MRI are
suitable methods for biometry the feline eye. MRI showed better imaging resolution
and allowed adequate evaluation of the optic nerve which was not possible with CT.
The normal values provided by this study may help in the interpretation of orbital

normality on scans of the feline head.

Key-words: eye size, feline, optic nerve sheath diameter, MRI, CT
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1 INTRODUCAO E JUSTIFICATIVA

A biometria ocular é definida pela medida das dimensdes do olho e seus
componentes, sendo Uutil no diagnostico de diversas doencas e rotineiramente
realizada na oftalmologia veterinaria (1,2). Quando se trata de pacientes felinos, a
informacdo sobre o assunto é limitada, principalmente acerca dos valores de
normalidade, uma vez que a maioria dos trabalhos de imagem publicados discorrem

sobre enfermidades oculares, principalmente em cées (1,3-8).

A ultrassonografia (US) é geralmente a primeira ferramenta de imagem utilizada
na avaliacao do bulbo ocular e tecidos retrobulbares por ser um exame acessivel, de
baixo custo e facil execucdo, que ndo necessita de sedacdo ou anestesia, porém
produz imagens bidimensionais e é limitado na avaliacdo das estruturas retrobulbares
e 0sseas (2,4,6,8). Em felinos, valores de referéncia das distancias oculares por meio

da US foram propostos, porém o nervo 6ptico ndo foi incluido na avaliacédo (9,10).

A Ressonancia Magnética (RM) e a Tomografia Computadorizada (TC) séo
técnicas avancadas de imagem e consideradas os melhores métodos para a avaliacdo
do bulbo ocular, estruturas intraoculares, tecidos retrobulbares e ossos orbitais, pois
proporcionam imagens com excelente detalhamento morfolégico sem a sobreposicéo
das estruturas anatdémicas (3,4,11,12). Mesmo em exames de imagem da cabega em
que o foco néo é o olho, os globos oculares frequentemente estéo incluidos no estudo
e devem ser examinados, a fim de se fornecer uma avaliacdo completa ao paciente,
pois ocasionalmente uma doenca ocular inesperada pode ser identificada, podendo

interferir na conduta terapéutica do caso (8).

Quando comparadas as técnicas supracitadas, a RM é considerada o0 método
mais sensivel na avaliagdo do bulbo ocular, 6rbita e nervo optico, por fornecer imagens

com detalhamento anatémico preciso e resolucdo de contraste superior (2,3). A TC
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oferece imagens de elevada resolucdo espacial, moderado contraste e rapida
aguisicao, estando amplamente disponivel na pratica veterinaria (8). Porém para a
avaliacao do nervo optico, a resolucao inerente ao aparelho de tomografia tem grande
influéncia, oferecendo menor detalhamento da imagem quando comparada a RM,
sendo a RM a modalidade de exame de imagem mais apropriada para avaliacao desta

estrutura (2,7).

Na medicina, varios estudos ja demonstraram a importancia da determinacao
das dimensbGes normais do bulbo ocular e do nervo 6ptico em diversos grupos
populacionais e em diferentes modalidades de exames de imagem. Foi demonstrada
correlagédo significativa entre a area do bulbo ocular, o comprimento axial e idade do
paciente, observando-se rapido aumento das dimensbées em jovens e reducdo
significativa em idosos (13).

O didmetro do nervo Optico é utilizado como indicador indireto do aumento da
pressao intracraniana, podendo ser avaliado por meio do exame ultrassonogréfico,

pela RM e TC (14,15).

Quando comparadas, existe diferenca entre as mensuracdes humanas da
espessura do nervo Optico realizadas por meio da ultrassonografia e da ressonéncia
magnética mensuradas nos mesmos pacientes saudaveis, sendo os valores obtidos
na RM maiores (16). Por isso, é importante se realizar mensuracdes dos grupos de
individuos estudados em todas as modalidades de exames disponiveis para se obter
dados fidedignos. As mensuracdes ultrassonograficas do nervo Optico podem ser
afetadas devido a inexperiéncia do examinador, obtengdo de plano de imagem
incorreto e pouca resolucdo espacial da imagem, dificultando a mensuracdo da
espessura maxima do nervo, justificando a diferenca entre os valores mensurados nas

duas modalidades de exame de imagem (17).
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Em gatos domeésticos, dois trabalhos demonstraram a utilizacdo da tomografia
computadorizada (18) e da ressonancia magnética (19) na avaliacdo oftalmoldgica
definido valores de dimensdes, volumes e densidades das estruturas intraoculares e
do nervo Optico. Porém, a bainha do nervo oOptico ndo foi avaliada em ambos os

estudos.

O objetivo deste estudo foi de fornecer valores de referéncia das medidas e
densidades das estruturas do bulbo ocular e nervo optico felinos por meio da imagem
de ressonancia magnética e tomografia computadorizada, que possam ser

empregadas para posterior compara¢ao no diagnéstico de alteracdes oftalmicas.
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2. OBJETIVOS

2.1 GERAIS
O presente estudo buscou estabelecer parametros de analise quantitativos das

estruturas oculares e do nervo Optico do gato doméstico por meio da imagem de

ressonancia magnética e tomografia computadorizada.

2.2 ESPECIFICOS

Definir valores de referéncia para as dimensdes e densidades normais do bulbo

ocular, das estruturas intraoculares e do nervo 6ptico do gato domeéstico.
Comparar as mensuracgdes entre os grupos de individuos adultos e idosos.

Comparar a qualidade diagnéstica dos métodos de imagem utilizados
(ressonancia magnética e tomografia computadorizada) na avaliacdo destas

caracteristicas.
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3. REVISAO DE LITERATURA

3.1. ANATOMIA DO BULBO OCULAR, ORBITA E ANEXOS

O bulbo ocular é um o6rgao de visdo que atua por meio da recepcado e
processamento de estimulos luminosos em energia eletroquimica, que é interpretada
pelo cérebro e resulta na formacgéo da imagem (20,21).

O gato doméstico, como espécie predadora, possui globos oculares
proeminentes e situados no aspecto frontal do cranio, inseridos na Orbita (que é
parcialmente ossificada) e posicionados com angulo de 10 a 15 graus entre eles,
conferindo um campo de visao binocular (20). O formato do olho felino é esferoide,
em decorréncia do discreto aumento da distancia anteroposterior em relacdo aos
eixos horizontal e vertical (20).

As adaptacdes oculares dos felinos domésticos que permitem melhor visdo
noturna em relacdo aos demais animais domeésticos sao: presenca do tapetum
lucidum, com capacidade de reflexdo 130 vezes maior do que o fundo do bulbo ocular
humano, pupila vertical que promove maior protecado da retina e controla melhor a
entrada de luz, cornea grande que permite maior entrada de luz, lente localizada
relativamente posterior e camera anterior maior, resultando em imagens mais
brilhantes, e retina rica em fotorreceptores (21).

Anatomicamente, o bulbo ocular € formado por trés camadas (tlnicas) —
fibrosa, vascular e nervosa. A mais externa - a tinica fibrosa, é constituida pela cérnea
e esclera (20,22). A cérnea € uma superficie avascular, transparente e curva,
fortemente refrataria, com formato discretamente conico (20). A esclera confere a
forma e tamanho do bulbo ocular (20). A camada intermediaria € nomeada vascular

ou Uvea, composta pela iris anteriormente, pelo corpo ciliar e, posteriormente, pela
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coroide (estrutura vascular pigmentada) (20,22). A camada nervosa € a terceira e mais
interna do bulbo ocular, composta pela retina (20,22).

A iris forma um diafragma fino e mével entre as camaras anterior e posterior,
controlando a quantidade de luz que adentra o bulbo ocular por meio da variacdo do
tamanho pupilar (20,22). A coloracéo da superficie anterior da iris do gato adulto varia
de dourada a amarelo esverdeada, sendo azul nos filhotes (20).

O corpo ciliar, localizado imediatamente posterior a iris (20,22), tem como
funcdes a producdo do humor aquoso e a sustentacdo da lente, apresentando
tamanho reduzido no gato (20).

O bulbo ocular € dividido em trés camaras: anterior, posterior e vitrea (20). A
camara anterior € localizada entre a cOrnea e a iris. A camara posterior esta localizada
entre a iris e a lente, e ambas séo preenchidas por humor aquoso, que é secretado
pelos corpos ciliares e flui entre as camaras por meio da pupila (20). A camara vitrea
€ a maior estrutura do bulbo ocular, ocupando aproximadamente 80% do seu volume,
e esta localizada entre a lente e a retina, sendo preenchida pelo corpo vitreo —
estrutura de aspecto em gel, com 99% de agua em sua composicao, além de acido
hialurénico, mucopolissacarideos e vitreina (fibras semelhantes ao colageno) (20,23).
Sua posicdo anatdmica e grande volume permitem suporte metabdlico e estrutural
para os tecidos oculares, auxiliando principalmente na manutencdo da presséo
intraocular (20,23).

A lente é uma estrutura transparente, avascular e biconvexa (20,24,25),
considerada a segunda superficie com maior poder de refracdo ocular, sendo
responsavel pelo ajuste de foco fino de objetos proximos (25). Esta localizada

posteriormente a iris, em contato anteriormente com a porcdo pupilar da iris e

posteriormente com o vitreo (20,24).
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A lente do gato € grande quando comparada a do cdo (26), aumentando em
tamanho ao longo da vida (20,25). O volume aproximado € de 0,5mL e o diametro
varia de 0,9 a 1,2cm (26). A espessura relatada varia de 6,8 a 7,6mm (27,28), de 5,98
a6,22mm (9) e de 7,0 a 8,1mm (29). Seu metabolismo é dependente do humor aquoso
(24,25) e, conforme o avancar da idade, se torna mais densa e rigida devido a

producado constante de fibras (25).

3.1.1. ORBITA E ANEXOS

A Orbita, descrita como a cavidade que circunda o bulbo ocular, € composta
pelos ossos lacrimal, palatino, esfenoide, maxilar, zigoméatico e frontal, sendo
incompleta no gato (20,30). Os limites dorsais sdo formados pelos ossos frontal e
esfenoide, os laterais: zigomatico e maxilar, e caudais: pré-esfenoide e basiesfenoide,
e ventrais: maxilar (20,30).

Estéo incluidos em sua anatomia os musculos extraoculares — reto dorsal, reto
lateral, reto medial, reto ventral, obliqguo dorsal, obliquo ventral e retrator do bulbo
ocular, cuja funcdo é mover o bulbo ocular dentro da 6érbita, além do musculo
levantador da palpebra que movimenta a palpebra (20,30), fascia e gordura
periorbitais, com funcdo de protecdo em conjunto das palpebras e respectivos
musculos, terceira palpebra e conjuntiva (camada fina, transparente, vascularizada,
gue recobre a regido anterior do bulbo ocular) (20,30,31).

O aparato lacrimal, responséavel pela producédo de lagrimas, cuja funcéo é de
protecdo e nutricdo corneal, € composto pelas glandulas lacrimal e da terceira
palpebra (20,30,31).

O bulbo ocular, musculos extraoculares, glandula lacrimal, nervos e a maioria

dos vasos sanguineos sdo circundados por uma bainha gordurosa em formato de
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cone, chamada de periorbita ou fascia periorbital, que demonstra direcao ventrocaudal
e cujo diametro reduz progressivamente caudalmente, circundando o canal dptico e a

fissura orbital (20).

3.1.2. NERVO OPTICO

O nervo optico (NO) € uma estrutura que compde o Sistema Nervoso Periférico
(SNP). E formado por axdnios das células ganglionares, cujos corpos estdo
localizados na retina, sendo responsavel pela conexdo entre a retina e 0o SNP,
considerado assim um trato e ndo um nervo periférico (20,23).

O disco optico € a regido de convergéncia da camada de células ganglionares,
localizado no aspecto discretamente temporal e ventral ao polo posterior do bulbo
ocular no gato (20).

O NO deixa a o6rbita através do canal optico, se estendendo caudalmente para
0 quiasma e trato Opticos, realizando a sua primeira sinapse no ndcleo geniculado
lateral no metatalamo (20,23), transmitindo a informacdo adquirida na retina até o
cérebro (20). Sendo assim, o segmento incluido do disco 6ptico até o quiasma Optico
€ nomeado nervo Optico (20). Clinicamente, o NO é dividido conforme a localizacao:
ocular, orbital, intracanalicular (dentro do canal éptico) e intracranial, afim de auxiliar
na localizacéo de leséo (20). O segmento orbital € longo, com uma discreta flexura, ja
as porc¢des intracanalicular e intracranial sdo curtas (20).

O NO é circundado por uma bainha, composta por duas camadas: a externa
gue é contigua a dura-mater intracraniana, e a interna, em contato direto com o nervo,
que é contigua a pia-méter (31). Entre estas duas camadas, encontra-se 0 espaco
intervaginal, preenchido por liquor contiguo com o do espaco subaracnoide encefalico

(31). Em decorréncia desta anatomia, o NO pode demonstrar envolvimento em
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doencas do sistema nervoso central que resultam no aumento da presséo
intracraniana (PIC), como por exemplo neoplasias e doencas inflamatoria-infecciosas
(32).

No gato, todos os axdnios se tornam mielinizados caudalmente a area crivosa
da esclera. Essa mielinizacdo, associada da protecdo meningea, resultam em
evidente aumento do diametro do nervo Optico apds deixar o olho e entrar na periorbita
(20). Os axonios da porcao ocular ndo sao mielinizados, convergindo no disco 6ptico
em direcdo ao espaco retrobulbar (20).

No quiasma 6ptico, ocorre a decussacéo de 65% das fibras, com os axbnios
provenientes da regido nasal da retina cruzando para o lado oposto, e os da regido
temporal permanecendo ipsilateralmente conforme a entrada nos tratos opticos (20).

Quatro fatores sdo determinantes para a espessura do nervo Optico: numero,
calibre e mielinizacdo dos axobnios, e crescimento dos componentes gliais (33).
Enfermidades que influenciam em pelo menos um dos fatores supracitados podem
resultar em variacdes do seu diametro. Durante o desenvolvimento pos-natal, a
espessura do nervo 6ptico tende a aumentar até chegar a um valor estavel de

aproximadamente 1,74mm no animal adulto (33).

3.2. DIAMETRO DO NERVO OPTICO EM RELACAO A PRESSAO
INTRACRANIANA

A pressao intracraniana é uma variavel importante de ser avaliada, visto que o
seu aumento € condicdo associada a prognostico ruim, com risco de herniacao
cerebelar (34,35). Para a determinacdo do seu valor, faz-se o uso de métodos

invasivos como a cateterizacao intraventricular e as probes intraparenquimatosas, que

possuem alto risco de complicagcées, como hemorragia e infec¢do, e necessitam de
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pessoal e material especializado, elevando a necessidade de métodos de mensuragao
nao-invasivos (17,36).

Na medicina humana, o didametro do nervo optico (OND) é um marcador indireto
da pressao intracraniana (37,38), sendo demonstrada uma relacéo linear entre estes
dois parametros (17,38-40).

Em humanos, conforme o avancar da idade, o nervo optico demonstra reducéo
no namero de axénios e aumento do diametro axonal (41), associados de aumento da
espessura da dura-mater (42) simultaneamente, sendo proposto que a espessura
meédia da bainha do nervo optico (ONSD) permanece a mesma durante a vida toda
(43).

Em relacdo ao segmento do NO a ser avaliado, o terco médio do nervo éptico
intraorbital € o que demonstra menor variagdo em tamanho em pessoas higidas,
sendo que o movimento ocular (voluntario e involuntario) pode causar alteracdo da
espessura do ONSD préximo ao bulbo (3mm de distancia), ndo sendo a localizacao
ideal para sua mensuracao (43).

Na medicina veterinaria, apenas 0s sinais clinicos que demonstram a
progressdo dos déficits neuroldgicos e o0s sinais de Cushing sdo os indicios
diagnésticos do aumento da pressado intracraniana (44). A duracdo da isquemia
cerebral afeta diretamente a gravidade e a reversibilidade da injaria encefalica, por
isso, €é necessario o desenvolvimento de um método ndo-invasivo para a
determinacdo da PIC nos pacientes em risco, permitindo assim a realizacdo do

diagndstico precoce e reducéo da morbidade e mortalidade (44).
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3.3. COMPRIMENTO AXIAL DAS CAMARAS DO BULBO OCULAR

O comprimento axial do bulbo ocular e da camara vitrea esta relacionado com
enfermidades que influenciam na capacidade de visualizacdo. Foi demonstrada
correlacéo positiva do comprimento do bulbo ocular e erro de refracéo e variacédo do
comprimento do bulbo ocular conforme a idade em gatos (45).

Em humanos, o comprimento do bulbo ocular esta diretamente relacionado com
miopia, emetropia, hipermetropia (46) e demais doencas que alteram o tamanho do
globo, como glaucoma (47).

A variacdo do comprimento axial pode resultar em incongruéncia entre 0s
comprimentos axial e focal dos elementos refrativos oculares, resultando em
ametropia (48). Alteracdes no comprimento da camera vitrea provocam miopia axial
em caes (49). Em equinos, foi demonstrada correlacdo negativa entre o comprimento
do corpo vitreo, idade e valores de reflexao (50).

Diversos estudos demonstram a relacdo entre o comprimento axial do bulbo
ocular e da camara vitrea e a idade como fatores que aumentam a prevaléncia de
miopia em diversas espécies, como humanos (51), cées (49,52), equinos (50),

macacos (53) e galinhas (54).

3.4. RESSONANCIA MAGNETICA E TOMOGRAFIA COMPUTADORIZADA

As técnicas de imagem avancadas, como a ressonancia magnética e a
tomografia computadorizada, estdo cada vez mais disponiveis na pratica veterinaria

no Brasil.

A ressonéancia magnética (RM) é baseada no principio de estimulo por meio de
sinal de radiofrequéncia dos nucleos das moléculas que compde os tecidos corporais

seguida da deteccdo e processamento em imagem da energia emitida por estes
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prétons, que é diferente para cada tecido (55), especialmente em relacéo aos protons
de hidrogénio, que é o elemento mais abundante do corpo (56). E uma técnica néo-
invasiva, com grande capacidade de diferenciacao dos tecidos, ndo expde o paciente
a radiacao ionizante e tem capacidade multiplanar (2). A depender do tempo e forma
de excitacdo dos atomos, o que € nomeado de sequéncia, sdo obtidas imagens com
diferentes contrastes: em T2, o fluido e gordura se apresentam hiperintensos (mais
claros), e, em T1, o liquido é hipointenso e a gordura hiperintensa (57,58). Para a
avaliacdo do sistema nervoso central, as sequéncias ponderadas em T2 sdo mais
indicadas (59).

A tomografia computadorizada (TC), por ser uma técnica que utiliza a radiacéo
ionizante como principio basico, tem sido utilizada na pratica clinica desde a década
de 70, produzindo imagens com detalhamento 6sseo excelente, porém com contraste
de tecidos moles regular (2,57,58). A imagem é formada a partir da emissao de raios-
X por uma fonte que circunda o paciente, e a radiagcdo remanescente que atravessa o
paciente é detectada no lado contralateral e transformada em imagem (58). A TC
permite a realizacdo de reconstrucao tridimensional das estruturas anatdomicas (12) e
0s tons de cinza na imagem podem ser mensurados por uma escala (unidades

Hounsfield) (58).

Ambas as técnicas de imagem supracitadas podem ser utilizadas na avaliacdo
do bulbo ocular, 6rbita e nervo o6ptico, por fornecerem imagens com detalhamento
anatdmico preciso e de alta resolucéo de contraste (2,3), sendo que a escolha do
método diagnoéstico geralmente recai a disponibilidade e preco do exame (2).

A RM e o exame ultrassonografico sdo os métodos diagnosticos considerados
padrao ouro para avaliagao ocular e periorbital, sendo demonstrada similaridade entre

os valores obtidos por meio dos exames US, TC e de RM (1,14,15,60,61).



25

A RM produz imagens do bulbo ocular e nervo 6ptico com alta resolucéo
espacial, o que permite um bom delineamento das estruturas orbitais, evitando as
desvantagens do ultrassom como baixa penetracdo e artefatos decorrentes dos
tecidos avaliados que tém diferentes indices de refracdo das ondas sonoras,
facilitando e produzindo medidas mais reproduziveis (60,62,63). Em especial, os

limites do nervo Optico e bainha sdo bem definidas na RM (64).

Devido ao alto custo e disponibilidade limitada da RM dentro da medicina
veterinéria, a TC ainda permanece o exame de imagem avan¢ado mais utilizado para

a avaliacdo em pequenos animais.

Em relacdo a avaliacdo oftalmologica em gatos domésticos, apenas dois
trabalhos discorrem sobre as dimensdes, volumes e densidades das estruturas
intraoculares e do nervo éptico utilizando a TC (18) e a RM (19), ndo sendo avaliada
a bainha do nervo 6ptico em ambos os estudos. Sendo assim, este trabalho tem como
objetivo fornecer valores de referéncia das medidas e densidades das estruturas do
bulbo ocular, nervo éptico e de sua bainha em gatos domésticos por meio da imagem

de ressonancia magnética e tomografia computadorizada.
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CT AND MRI BIOMETRY OF THE OCULAR GLOBE AND OPTIC NERVE IN CATS

Abstract

The eyes and orbit are frequently included in routine CT and MRI scans of the head in
small animal practice and should be examined as part of a complete evaluation. This
retrospective study provides normal values of domestic cat intraocular structures, optic
nerve and optic nerve sheath complex on single-slice CT and low-field MRI. In total,
52 eyes were studied on CT, 42 eyes and 60 optic nerves were evaluated using MRI.
Length and radiodensity values for the anterior chamber, lens and vitreous chamber
were assessed, as well as width of the optic nerve and optic nerve sheath complex
diameters. On CT, there was no significant correlation between the measurements and
age, sex and body weight. On MRI, measurements of the optic nerve and optic nerve
sheath complex diameters had significant differences (P < 0.05) noted between ages,
with senior cats having higher values. There was a weak correlation between body
weight and optic nerve sheath complex diameter, with an increase in the optic nerve
sheath complex diameter noted with increasing weight. No gender influence was found
on MRI evaluation. Single-slice CT and low-field MRI are suitable methods for biometry
the feline eye. Low-field MRI showed better imaging resolution and allowed adequate
evaluation of the optic nerve and optic nerve sheath which was not possible with CT.
The normal values provided by this study may help in the interpretation of orbital
normality on scans of the feline head.

Key-words: eye size, feline, optic nerve sheath complex diameter, MRI, CT

Introduction

Ocular biometry is defined as the measurements of the eye and its components, being
routinely performed in veterinary medicine. Ultrasonography (US), computed
tomography (CT) and magnetic resonance imaging (MRI) are complementary imaging
modalities suited for ocular and orbital evaluation (1). As the eyes and orbit are
frequently included in routine CT and MRI scans of the feline head, knowledge of the
normal anatomy is essential to further identify and characterize unexpected disease
which could affect the management of the case.

Although US is a cost-effective, nonionizing and quick imaging modality that does not
require anesthesia, it has limited capacity to evaluate periocular structures (1).
Advanced imaging modalities such as CT and MRI provide information of both ocular
and orbital structures, producing cross-sectional images based on different principles
of image formation: CT offers superior bone detail with high spatial and moderate
contrast resolution and MRI provides better soft tissue distinction with multiplanar
capabilities and no radiation exposure (1,2). Although these imaging distinctions are
important, choice of the modality in veterinary medicine often depends on availability
and cost-effectiveness.
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In humans, the optic nerve sheath complex diameter using US, CT and MRI has been
used to assess increases in intraorbital and intracranial pressure — the latter condition
results in reduction of cerebral blood flow and contributes to cerebral ischemia, being
associated with increased mortality and poor neurological outcome (3-7). The optic
nerve sheath complex is continuous with intracranial meninges and subarachnoid
space, explaining the increase in its diameter with elevation of the intracranial pressure
(4,8). The gold standard techniques for measuring intracranial pressure in human
medicine are expensive and invasive monitors (9), rarely used in veterinary patients
(10). Because this condition also occurs in cats, reference values of the normal
diameter of the optic nerve sheath complex may help to recognize changes in the
morphology.

Studies determining values of normality of the ocular biometry and optic nerve
diameter in felines are still scarce. To the authors’ knowledge, there have been two
published studies using a high-field 1.5 Tesla MRI unit (11) and a 16-slice CT unit (12)
which evaluate the feline ophthalmological anatomy. None of the reports investigate
the optic nerve sheath diameter. Therefore, the aim of this study was to assess the
normal dimensions and densities of the intraocular structures and the diameter of the
optic nerve and optic nerve sheath of domestic cats using a low-field MRI and a single-
slice CT units, and investigate the associations between measurements and age,
gender and body weight.

Materials and methods

Animals

A retrospective review of neurocranium scans of 56 non-brachycephalic mixed-breed
domestic cats was performed. In total, 26 CT scans (52 eyes) and 30 MRI scans (60
optic nerves and 42 eyes) were assessed. Nine animals did not have one or both of
the ocular globes entirely included on the image-set, therefore they were excluded from
this evaluation. Patients were excluded from the study if they showed any sign of ocular
and/or orbital abnormalities. All animals presented to our institution from January 2007
to December 2018, undergoing MRI or CT scans of the head for non-ophthalmic and
non-orbital related disease. The medical record of each patient was reviewed, and age,
sex, breed and body weight were recorded. Cats were classified into age groups
(determined on the basis of birth history), as classification previously described (13)
and categorized as adults (1 — 10 years) and seniors (> 10 years old).

Imaging

A 0,25 Tesla MRI unit (Vet-Grande, Esaote, Genova, Italy) and a single-slice helical
CT scan (SCT-7800TC, Shimadzu, Kyoto, Japan) were used for the exams. Imaging
studies were performed under general anesthesia and patients were positioned in
sternal recumbency. The image set was obtained in the transverse plane in 0.80 mm
and 1.0 mm slice thickness on MRI and on CT, respectively, and subsequently
reconstructed in sagittal plane, in either 0.1 mm (for the optic nerve) or 1.0 mm slice
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width (for the globe), using a multiplanar reconstruction software (Voxar-3D, Barco,
Edinburgh, Scotland). The images were analyzed on a Picture Archiving and
Communication System workstation (Synapse, Fujiflm Medical Systems, Tokyo,
Japan). Measurements were performed on scans acquired before the administration
of intravenous contrast and both eyes and optic nerves of all patients were evaluated.

Data manipulation

Data was collected and analyzed by a single observer and measurements were
obtained based on the methodological setup described in the literature, aside from
omitting skull width and lateromedial ocular values (14,15). Multiplanar reformatted
parasagittal images were used in order to optimize the ocular and optic nerve sizes.
All CT measurements were performed in a standard soft tissue algorithm (WW 400 WL
40). MRI 3D-Hyce images were used for measuring both intraocular structures and
optic nerve. The following variables were analyzed, and for each dimension, the
maximum distance was determined by visual judgment:

1. Ocular globe and intraocular measurements (Figures 1A and 2A):

A. Anteroposterior distance of the globe (axial length): from both the
internal surfaces of the cornea to the retina—choroid—sclera complex, along a line
perpendicular to the transverse plane and bisecting the lens.

B. Anteroposterior distance of the anterior chamber: from the internal
surface of the cornea to the anterior border of the lens, measured along a line
perpendicular to the transverse plane.

C. Anteroposterior distance of the lens (axial length): from the anterior to
the posterior borders of the lens, measured at the widest dimension of the globe.

D. Anteroposterior distance of the vitreous chamber: from the posterior
border of the lens to the internal surface of the retina—choroid—sclera, measured along
a line perpendicular to the transverse plane

2. Densities of the agueous and vitreous humours and lens: the attenuation values
were assessed in the center of the anterior chamber, vitreous chamber and lens, with
a region of interest of approximately 0.04, 0.2 and 0.1 cm?, respectively (Figure 1B),
using parasagittal CT reconstructed images of each globe.

3. Optic nerve and optic nerve sheath complex diameters: thickness was
measured from the middle section of the intraorbital part of the optic nerve that best
displayed the structures in parasagittal MRI reconstructed images of each nerve
(Figure 2B).
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A: 4,04mm? L O O
P: 8,25 A: 19,94mm?
M: 7,52 HU ; P:17,21

M: -0,740 HU

A: 10,07mm?
P:12,32
M: 142,07 HU

Figure 1. (A and B) Parasagittal soft-tissue window CT images of the globe
(2.0 mm slice thickness). Assessment of maximum length measurements.
Anteroposterior distances of the globe (a), anterior chamber (b), lens (c) and
vitreous chamber (d). The same measurements were performed on MR
images. (B) Region of interest measured in the center of the aqueous humor
(~0.04 cm2), lens (~0.1 cm2) and vitreous humor (~0.2 cm2), with
corresponding densities (Hounsfield Units, HU)

Figure 2. (A) Parasagittal 3D-Hyce MRI images of the globe. Assessment of
maximum length measurements of the anteroposterior distances of the globe
(a), anterior chamber (b), lens (c) and vitreous chamber (d). (B) Parasagittal
3D-Hyce MR images of the feline optic nerve and optic nerve sheath. Note
the hyperintense cerebrospinal fluid (white) surrounding the optic nerve
(grey). Arrow = optic nerve sheath

The measurement of all the parameters were repeated two times with at least two
weeks in between to minimize bias. The mean, median, standard deviation and
confidence intervals of all patients were recorded.

Statistical analysis
Statistical analysis was performed using commercially available software (R Core
Team, R Foundation for Statistical Computing, Vienna, Austria), and the descriptive
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statistics (mean, median, standard deviation, minimum and maximum values, and 95
per cent Cls) were calculated for each variable. Data were first analyzed for normality
using Shapiro-Wilk test. Paired t-test or Wilcoxon rank-sum were used for parametric
and non-parametric data, respectively, to compare repetitions and to assess
differences between the right and left eye. Each variable was compared with body
weight (using Pearson’s correlation coefficient), age and sex (using an independent
sample t-test or Mann-Whitney test). The baseline level of significance was set at P <
0.05.

Results

Imaging

On imaging evaluation, the ocular globe was readily identified within the orbit. The
overall shape of normal feline eye appeared subjectively spherical. Table 1
summarizes biometric intraocular components in the study population for all eyes on
CT and MRI. Table 2 contains the density values of the intraocular structures. Optic
nerve and optic nerve sheath diameters have been included in Table 3.

CT scans

Age ranged from 1 to 18 years (mean and median 8 years). Of 26 patients that
underwent CT scans, there were 17 (65%) adults and 7 (27%) seniors. Two cats (8%),
one female and one male patients, had unknown ages, therefore were excluded from
the statistical analysis but included in the descriptive analysis. On the basis of age,
there were five females (29%) and 12 males (71%) in the adult group, and 5 females
(71%) and 2 males (29%) in the senior group. Mean and median weights were 4.0 kg
(range 2.9-7.6 kg).

The lens, anterior and vitreous chambers and retina-choroid-sclera complex were the
intraocular structures distinguishable on non-contrast CT studies. The aqueous and
vitreous humors were both homogeneous fluid-attenuating structures with similar
subjective densities. The retina-choroid-sclera complex appeared as a single
hyperdense curved linear structure on the posterior face of the vitreous chamber.

Anteroposterior distance of the globe both mean and median were 2.04 cm (range
1.91-2.17 cm).

The anteroposterior distance of the anterior chamber varied from 0.29 to 0.46 cm
(mean and median 0.36 cm). Density of the aqueous humour varied from 2.87 to 31.31
HU (mean 14.47 HU, median 12.87).

The vitreous chamber was the bigger ocular structure, accounting subjectively for
approximately 60% of the globe volume. The maximum anteroposterior distance of the
vitreous chamber of all the eyes varied from 0.64 to 0.87 cm. Its mean and median
were 0.76 cm. Density of the vitreous humour varied from -7.89 to 11.83 HU (mean
1.28 HU, median 1.73 HU).
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The lens was identified as a hyperdense biconvex structure located in between the
anterior and vitreous chambers. Its anteroposterior distance varied between 0.77 cm
and 1.04 cm (mean 0.92 cm, median 0.93 cm). The measured density varied from
133.62 to 163.21 HU, with a mean of 150.07 HU and a median of 150.97 HU.

It was not possible to identify with precision the optic nerve and optic nerve sheath
complex on CT images evaluated.

There was no statistical difference between the left and right eyes. There was no
significant correlation comparing age, sex and weight with the measurements.

MRI scans

Age ranged from 1 to 15 year (both mean and median 9 years). The study population
consisted of 30 cats for the optic nerve evaluation, being 17 (59%) adults and 12 (41%)
seniors, and 21 cats for the ocular globe measurements, being 14 (70%) adults and 6
(30%) senior cats. 9 cats were excluded from the intraocular evaluation because one
or both of the ocular globes were not entirely included on the image-set. One male cat
had unknown age, therefore was excluded from the statistical analysis but included in
the descriptive analysis.

For the optic nerve measurements, 13 of 17 patients were females (76%) and 4 were
males (24%) in the adult group and 8 of 12 were females (67%) and 4 were males
(33%) in the senior group. For the ocular globe measurements, 11 of 14 were females
(79%) and 3 were males (21%) in the adult group and 5 of 6 were females (83%) and
1 was male (17%) in the senior group.

Mean and median weights were 4,1 kg and 3,8 kg, respectively (range 2.4—7.3 kg) for
the optic nerve measurements and 3.8 kg and 3.5 kg (range 2.6—3.6 kg) for the ocular
globe measurements.

The anterior and vitreous chambers, lens and retina-choroid-sclera complex were the
intraocular structures identified on non-contrast 3D-Hyce MRI scans. The aqueous and
vitreous humors were both homogeneous, isoattenuating to the cerebrospinal fluid and
with similar subjective signal intensities, on pre-contrast MR images. The retina-
choroid-sclera complex appeared as a single hypointense curved linear structure on
the posterior face of the vitreous chamber.

Anteroposterior distance of the globe both mean and median were 2.10 cm, range
1.95-2.24 cm.

The anteroposterior distance of the anterior chamber varied from 0.35 to 0.53 cm
(mean and median 0.41 cm).

The vitreous chamber was the bigger ocular structure, accounting subjectively for
approximately 60% of the globe volume. Its anteroposterior distance varied from 0.71
to 0.89 cm (mean and median 0.80 cm).
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The lens was identified as a hypointense biconvex structure with smooth margins. Its
anteroposterior distance varied between 0.85 and 0.94 cm with both mean and median
of 0.88 cm.

The optic nerve and optic nerve sheath complex were identified on all patients. Imaging
characteristics of the optic nerve were similar to cerebral white matter, outlined by
cerebrospinal fluid which provided contrast and better visualization of its margins. The
intraconal fat and extraocular muscles which surround the optic nerve were readily
identified. On transverse images, only part of the optic nerve could be visualized,
therefore parasagittal images optimized for the optic nerve provided longer segments
in a single image and better evaluation.

The optic nerve diameter varied from 0.90 to 1.16 mm (mean 0.99 mm and median
0.97 mm).

The optic nerve sheath complex diameter ranged from 2.51-3.70 mm (mean 3.00 mm
and median 2.93 mm). Both optic nerve and optic nerve sheath complex diameters
were easily identified in all images, being a little tortuous in some patients.

There was statistical difference between the left and right eyes for the optic nerve
diameter (P=0.043) and lens (P=0.033). There was no significant correlation
comparing sex with the measurements. Optic nerve diameter and optic nerve sheath
complex diameter changed as a function of age. Senior cats were found to have a
statistically significant higher value for both the optic nerve (P=0.032) and optic nerve
sheath complex diameters (P=0.023). There was a weak correlation between body
weight and optic nerve sheath complex diameter (P=0.032, R?=0.39), with an increase
in the optic nerve sheath complex diameter noted with increasing weight.

Table 1. Anteroposterior distance mean values in centimeters and standard deviations

of the feline ocular components

CT MRI
All Adults Seniors All Adults Seniors
(n =26) (n=17) (n=7 (n=21) (n=14) (n=6)
Globe 2.04 +0.07 2.02 +0.06 2.05+0.08 210+0.78 2.10+0.07 2.08+0.07
Anterior chamber 0.36 + 0.04 0.36 + 0.04 0.34 +0.03 0.41+0.04 0.40+£0.03 0.40%0.03
Lens 0.92 +0.06 0.91 £ 0.06 0.95 +0.06 0.88+0.03 0.88+0.03 0.89+0.03

Vitreous chamber 0.76 + 0.06 0.76 + 0.06 0.77 +0.04 0.80+0.05 0.81+0.05 0.78+0.05
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Table 2. Mean density values in Hounsfield Units and standard deviations of the feline

ocular components measured on CT images

All Adults Seniors
(n =26) (n=17) (n=7)
Aqueous humor 14.47 £ 7.56 16.08 + 7.66 12.22 £6.30
Lens 150.07 £ 7.93 148.83+7.93 152.01 +8.64
Vitreous humor 1.28 + 5.58 1.19 £ 6.27 1.56 £ 4.40

Table 3. Mean diameter values in millimeters and standard deviations of the feline
optic nerve and optic nerve sheath measured on MRI images

All Adults Seniors

(n = 30) (n=17) (n=12)
Optic nerve 0.99 £ 0.07 0.96 £ 0.04 1.02 +0.08
Optic nerve sheath 3.00+0.29 291+£0.22 3.15+0.30

Discussion

The results of this study indicate that single-slice CT and low-field MRI are suitable
diagnostic tools for detailed anatomic assessment of the feline intraocular structures.
CT did not allow adequate evaluation of the optic nerve and optic nerve sheath, in
contrast to MRI which provided good resolution for the structures. To the authors’
knowledge, this is the first study reporting the normal optic nerve sheath complex
diameter in cats. In humans, the diameter of the optic nerve sheath complex and its
association with neurologic and ocular diseases with intracranial and intraocular
pressure increase, respectively, has been investigated (3—7). As similar pathologies
also occur in cats, knowledge of normal anatomy may help to recognize changes in
the diameter and may aid in the diagnosis of unexpected pathology.

In this study, statistical differences were identified in some measurements. When
comparing optic nerve diameter, optic nerve sheath diameter and age, the differences
found may indicate a correlation between these variables, which also has been
demonstrated by a report using a 16-slice CT unit for the evaluation of the optic nerve
diameter in cats (12). The differences between left and right measurements for the
optic nerve diameter and lens on MRI images may be explained due to possible
measurement error, because other factors related to imaging modality would be
expected to affect all dimensions. Although the difference is statistically significant, the
mean difference was 0.019 mm for the optic nerve and 0.013 cm for the lens, that is,
unlikely to be clinically relevant.

It has been demonstrated correlation between US, CT, MRI and histologic
measurements of the intraocular structures and optic nerve (16—18). Accuracy of US
measurements are significantly higher in the insonation beam plane (axial plane).
Moreover, height and width are not usually assessed in the clinical setting (16).
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Therefore, in the present study a single plane (parasagittal) image-set optimized for
the ocular globe and optic nerve was selected for better evaluation, as it also allowed
inclusion of almost all segments of the optic nerve in one single image.

Feline intraocular structures and optic nerve have been assessed previously using a
16-slice CT unit (12) and a high-field 1.5 Tesla MRI unit (11) and values reported
correlate well with our data, besides the optic nerve diameter, which was lower on our
study when compared with both reports. As MRI has better soft-tissues contrast
resolution, providing differentiation between the optic nerve and optic nerve sheath
which is not possible with CT (19), the CT paper may have included the optic nerve
sheath on the reported optic nerve diameter measurement, explaining the difference
between the measurements. On the MRI report (11), only 6 young adult (2-2.5 years
old) short-hair female cats were evaluated and it is unclear from which region of the
optic nerve the measurements were taken and if the optic nerve sheath was included
or not, which may explain the differences between the values obtained.

Study limitations

The retrospective nature of this study is a major limitation as it precluded specific ocular
examination. Even though only patients with no ocular and periocular abnormalities
identified on image evaluation were included, this does not fully exclude related
pathologies. Further studies with full ophthalmological evaluation before imaging scans
may prevent inclusion of non-healthy eyes. Only a single experienced radiologist
performed measurements, thus assessment of interobserver reproducibility was not
allowed. However, in order to minimize measurement errors and biases, repetition of
each measurement was done.

Conclusion

In conclusion, the present study provided normal values of intraocular structures on
single-slice CT and low-field MRI and optic nerve and optic nerve sheath diameters on
low-field MRI of domestic cats. Our results permit further studies exploring potential
clinical applications of CT and MRI ocular biometry and optic nerve sheath complex
diameter in cats with specific ocular and orbital pathologies, and with confirmed
intracranial hypertension.
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