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Resumo

Trindade de Fatima, Cleyber José. Parametros oftalmolégicos de potros
neonatos da raga Crioula. 2025. 63f. Tese (Doutorado em Ciéncias) - Programa de
Po6s-Graduagao em Veterinaria, Faculdade de Veterinaria, Universidade Federal de
Pelotas, Pelotas, 2025.

O potro neonato tem particularidades oftalmolégicas anatémicas e fisiologicas
inerentes a sua idade. Alguns parametros oftalmologicos basais s&o escassos na
literatura nessa faixa etaria, principalmente dados em ragas brasileiras. Essa tese
objetivou apresentar trés artigos, o primeiro deles uma revisao bibliografica acerca
do exame neuro-oftalmolégico de equinos, principalmente os testes relacionados a
presenca de visdo. O segundo e principal artigo teve como objetivo descrever os
achados oftalmolégicos em potros higidos da raga Crioula de um dia a 2 meses de
vida, acompanhando o desenvolvimento e mudanga nos parametros de acordo com
a idade. Os principais resultados foram a prevaléncia de 95,5% do formato pupilar
achatado; a resposta de ameaga com aumento crescente ao longo da idade de
28,6% no primeiro dia para 100% na segunda semana; a presenga na totalidade dos
potros dos demais reflexos foto-dependentes desde o nascimento; a estesiometria
teve resultado decrescente, com a maior sensibilidade sendo descrita no primeiro
dia (4,65cm); a tonometria teve o menor valor nas primeiras horas de vida, com
aumento gradual; o teste de Schirmer obteve médias sem diferenga estatistica entre
momentos, e entre mée e potro. O terceiro artigo objetivou relatar uma série de
casos clinicos de uveite secundaria a sepse em potros atendidos no Hospital de
clinicas veterinarias da UFPel. Os pacientes foram diagnosticados com sepse
baseado em parametros clinicos e laboratoriais. Os principais achados da uveite
foram: hiperemia conjuntival, fibrina livre e flare na cdmara anterior, mudanga de cor
da iris, e baixa presséao intraocular. Obteve-se 66% de recuperagao visual favoravel
com tratamento topico a base de prednisolona 1%, aliado a terapéutica sistémica
para sepse. Os parametros oftalmicos de potros neonatos observados em Crioulos
higidos e nos potros sépticos tiveram diferengcas do relatado em outras ragas e
adultos, demonstrando que a pesquisa continuada em oftalmologia é fundamental
para o melhor entendimento de condutas diagndsticas e terapéuticas para essa
categoria equina.

Palavras-chave: neonatologia; oftalmologia; neuro-oftalmologia; estesiometria;
tonometria; uveite



Abstract

Trindade de Fatima, Cleyber José. Ophthalmic parameters of neonatal Crioulo
foals. 2025. 63f. Thesis (Doctor degree in Sciences) - Programa de P6s-Graduagao
em Veterinaria, Faculdade de Veterinaria, Universidade Federal de

Pelotas, Pelotas, 2025.

The neonatal foal has anatomical and physiological ophthalmic peculiarities inherent
to its age. Some baseline ophthalmological parameters are scarce in the literature in
this age group, especially data in Brazilian breeds. This thesis aimed to present three
articles. The first article addressed the neuro-ophthalmological examination of
horses, mainly tests related to the presence of vision. The second article aimed to
describe the ophthalmological findings in healthy Crioulo foals from one day to two
months of age, monitoring the development and changes in parameters according to
age. The main results were a 95.5% prevalence of flat pupil shape; the manece
response increasing with age from 28.6% on the first day to 100% in the second
week; the presence in all foals of other photo-dependent reflexes from birth;
esthesiometry had decreasing results, with the greatest sensitivity being described
on the first day (4.65 cm); tonometry had the lowest value at the first hours of age,
with gradual increasing; the Schirmer test obtained means without statistical
difference between moments, neither between mother and foal. The third article
aimed to report a series of clinical cases of uveitis secondary to sepsis in foals
treated at the UFPel Veterinary Clinic Hospital. Patients were diagnosed with sepsis
based on clinical and laboratory parameters. The main findings of uveitis were:
conjunctival hyperemia, free fibrin and flare in anterior chamber, iris color change,
and low intraocular pressure. A 66% favorable visual recovery was obtained with
topical treatment based on prednisolone 1%, combined with systemic therapy for
sepsis. The ophthalmic parameters of neonatal foals observed in healthy Crioulos
and in septic foals differed from those reported in other breeds and adults,
demonstrating that continued research in ophthalmology is fundamental for a better
understanding of diagnostic and therapeutic approaches for this equine category.

Keywords: neonatology; ophthalmology; neuro-ophthalmology; esthesiometry;
tonometry; uveitis
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1 Introdugao

A medicina veterinaria dos equinos demanda cada vez mais atendimentos
assertivos, e para tal, necessita de qualificagdo em especialidades, entre elas a
oftalmologia. A relevancia da saude visual nessa espécie tem expandido
consideravelmente nos ultimos anos, justificando a necessidade de conhecimentos
acerca de diagnostico, terapéutica e condutas (Gilger, 2013). Para além, torna-se
necessario compreender particularidades oftalmicas, que podem variar de acordo
com idade e raga.

No contexto do Rio Grande do Sul, destaca-se a criagdo da raga Crioula,
considerada a mais importante e predominante do estado, movimentando
anualmente R$ 1,28 Bilhdo, segundo a associagao brasileira dos criadores de cavalo
Crioulo (ABCCC). Atualmente a associagédo é sediada em Pelotas-RS, conta com
nucleos em todo o pais, e possui mais de 460 mil animais registrados em seu stud
book, com 86,41% deles localizados no Rio Grande do Sul (Nogueira et al., 2022). E
uma raga com marcada importancia cultural na histéria sulista, por ser uma animal
de sela com rusticidade e grande capacidade fisica para o trabalho. A cultura
envolvida ndo se resume somente a criagdo de cavalos, mas também a linguagem,
culinaria, vestuario, festas campeiras, etc. Por esses motivos, em 2002 o cavalo
Crioulo foi considerado simbolo e patriménio cultural do estado (Cardoso, 2022).

Esse animal rustico e forte aos poucos foi deixando de ser somente um
animal de servico em estancias e foi sendo aprimorado em diversas modalidades
que, também, ressaltam as caracteristicas da raca e ao mesmo tempo aumentam
seu valor zootécnico agregado. Em 2022 a prova do Freio de Ouro, a mais
importante da raga, foi considerada manifestagdo cultural nacional pela lei 14.394
(Cardoso, 2022).

Suas caracteristicas fenotipicas incluem cabeg¢a ampla na base, e fina na
ponta, com ganachas delineadas, fortes, e afastadas, com uma fronte larga e bem
desenvolvida, e chanfro curto e largo. O comprimento total da cabeca é
relativamente curto, as orelhas sdo afastadas, o que confere aos olhos uma
caracteristica proeminente e bem vivos (Nogueira et al., 2022). Na oftalmologia, os
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equinos sao considerados pacientes com alto indice de lesdes oculares devido ao
posicionamento lateral dos olhos no cranio, bem como o comportamento impetuoso
da espécie (Dwyer and Henriksen, 2022).

Em relagdo a neonatologia, existe de forma crescente uma demanda
especifica de conhecimentos oftalmolégicos visando maior qualidade de diagnostico
e prognostico visual nessa faixa etaria (Lassaline e Latimer, 2018; Giuliano, 2024).
Os neonatos equinos podem ter alguns parametros oftalmologicos diferentes de
adultos e entre ragas, como resposta de ameaca, sensibilidade corneana, teste de
schirmer, tonometria, entre outros. Os dados encontrados na literatura s&o

inconsistentes e inespecificos por raca e idade.

Os principais dados encontrados em potros diferentes de adulto sao: tempo
de desenvolvimento de resposta de ameaca, do reflexo pupilar, formato da fenda
pupilar, producao lacrimal e presséao intraocular. Em relacdo a resposta de ameaca
por exemplo, Enzerink (1998) relata seu apredendizado aos 9 dias de vida em
cavalos de sela Holandesa., enquanto que Nardy (2022) descreve que ocorre apos 1
més de idade na raca Standardbreed. Na raca Crioula, s6 foram publicados dados
em adultos, como tonometria e produgao lacrimal (Andrade et al., 2016; Bacchin et
al., 2021). Em potros Crioulos neonatos, esse trabalho de avaliagdo de parametros
oftalmicos é inédito.

Objetiva-se descrever parametros oftalmicos de potros neonatos Crioulos
acompanhados do nascimento aos 60 dias de vida, provenientes do Centro de
Ensino e Equideocultura da Palma (CEEP-UFPEL). Ainda, no contexto do Hospital
de Clinicas Veterinarias da UFPEL, objetivou-se desenvolver e qualificar o
atendimento oftalmologico no setor de grandes animais, e com isso foi produzido um

relato de série de casos de potros neonatos com uveite secundaria a sepse.



2 Artigos
2.1 Artigo 1

O cavalo enxerga? Exame neuro-oftalmico em equinos

Cleyber José da Trindade de Fatima, Bruna da Rosa Curcio, Paloma Beatriz Joanol
Dallmann, Maria Eduarda ltubirde de Souza, Carlos Eduardo Wayne Nogueira

Artigo publicado na revista Brasileira de Medicina Veterinaria Equina, +Equina
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O cavalo enxerga? Exame Neuro-Oftalmico em Equinos

Cleyber José da Trindade de F étimal*, Bruna da Rosa Curcio', Paloma Beatriz Joanol Dallmann', Maria Eduarda
Itubirde de Souza®, Carlos Eduardo Wayne Nogueira'

Resumo

A visdo tem papel fundamental no desempenho e bem estar do equino. Atestar a
presenca de visdo em um paciente ¢ uma tarefa complexa e multidisciplinar, que necessita de
uma interpretacdo conjunta de exames oftalmoldgicos e neuroldgicos. O objetivo dessa
revisdo ¢ elucidar os principais mecanismos fisiologicos de avaliagdo da visdo nos equinos,
em especial os testes neuro-oftdlmicos. Os principais testes utilizados sdo a inspe¢do do
paciente no ambiente habitual, o teste de obstaculos, a resposta de ameaca, e os reflexos
pupilar, de ofuscamento e palpebral. A correta interpretagdo do exame neuro-oftdlmico ¢
fundamental para o encaminhamento precoce de casos clinicos, no intuito de preservar a

capacidade visual e atlética dos equinos.

Palavras chave: Cegueira, oftalmologia, reflexo pupilar, resposta de ameaca

Horse can see? Equine neuro-ophthalmological exam

Abstract

Vision has a fundamental role in equines performance and well being. Attesting the
presence of vision in a patient is a complex and multidisciplinary task, which requires
interpretation of ophthalmologic and neurologic examinations. The objective of this review is
to elucidate the main physiological mechanisms of vision assessment in horses, especially

neuro-ophthalmic tests. The main tests used are inspection of the patient in this usual
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environment, the maze test, the menace response, the pupillary reflex, the dazzle reflex and
palpebral reflexes. The correct interpretation of neuro-ophthalmic examination is essential for
early referral of clinical cases, with the aim of preserving the visual and athletic capacity of

horses.

Keywords: blindness; ophthalmology; pupillary reflex; menace response

JPuede ver el caballo? Examen neuro oftalmologico equino

-  Resumen

La vision tiene un papel fundamental en el rendimiento y bienestar de los equinos.
Atestiguar la presencia de visién en un paciente es una tarea compleja y multidisciplinaria,
que requiere una interpretacion conjunta de exdmenes oftalmolégicos y neurolédgicos. El
objetivo de esta revision es dilucidar los principales mecanismos fisioldgicos para evaluar la
vision en caballos, especialmente las pruebas neuro-oftadlmicas. Las principales pruebas
utilizadas son la inspeccion del paciente en el habitual entorno, la prueba de obstaculos, la
respuesta a la amenaza, y los reflejos pupilar, deslumbramiento y palpebral. La correcta
interpretacion del examen neuro-oftdlmico es fundamental para el encaminamiento de los

casos clinicos, con el fin de preservar la capacidad visual y atlética de los caballos.

Palabras clave: ceguera, oftalmologia, reflejo pupilar, respuesta a amenazas

1. Introducao

A visdo, por mais Obvio que possa parecer, tem papel fundamental para o equino
desempenhar o esporte, o trabalho, ou o lazer. O cavalo em treinamento necessita de foco
visual em caracteristicas ambientais desejadas, em detrimento de areas irrelevantes. Para tal, o
treinamento precisa ser baseado no conhecimento das caracteristicas visuais dos equinos'”.
Para o potro, especialmente o neonato, as respostas neuro-oftalmicas sdo fundamentais para
compreender a maturidade neuroldgica de cada individuo, além de descartar anormalidades

A . . . 34
congénitas e infecciosas™".

Por ndo causar risco iminente de dbito como afeccdes gastrointestinais, ou sequelas
locomotoras graves como afec¢des ortopédicas, os casos oftalmicos sdo negligenciados e nao

tem encaminhamento para atendimento com a urgéncia necessaria. E comum no atendimento
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oftalmico de equinos, o veterindrio se deparar com consequéncias e sequelas tardias,

impossibilitando a recuperagdo visual do paciente.

Ademais, ha de se considerar que doencgas oculares sdo extremamente dolorosas, o que
pode também afetar o desempenho e bem estar do cavalo. A superficie ocular e a uvea
recebem inervacdo sensitiva advinda do géanglio ciliar do nervo trigémeo. A cdrnea em
especial, ¢ inervada por padrdo radial de axoOnios desmielinizados, e possui inumeros

T , .
receptores de dor em seu epitélio”. Por tal, ¢ uma estrutura extremamente reativa a dor.

Estes motivos ressaltam a importancia do globo ocular e anexos para a saude,
desempenho e bem estar do cavalo. Cabe aos profissionais envolvidos no meio equestre o
papel de educacdo continuada a acerca desse relevante tema. O objetivo dessa revisdo ¢
elucidar os principais mecanismos fisiologicos de avaliacdo da visdo nos equinos, em especial

os testes neuro-oftalmicos.

2. Pilares da avaliacdo da visiao

Cabe entender que aferir presenga de visdo em um equino ndo ¢ uma tarefa trivial.
Dentro dessa complexidade, destacam-se trés pilares principais a serem avaliados:
transparéncia de eixo visual, tinica nervosa do bulbo ocular funcional (retina e nervo 6ptico),

.~ . , . 6
e processamento da visdo em sistema nervoso central (cortex occiptal)®’.

A transparéncia do eixo visual envolve capacidade de penetracdo e refraciao da luz nas
estruturas anatdmicas oculares, da mais externa até chegar na retina, 6rgao de captacdo do
estimulo luminoso. Em sintese, ¢ importante verificar na semiotécnica oftdlmica transparéncia
de cada estrutura, e se existem afecgdes que causem opacidades ou turbidez delas. Sao
comuns em equinos, afeccdes como ceratites, uveites ou cataratas®. Por ser um assunto

extenso e com ampla literatura disponivel, ndo serdo o foco dessa revisao.

Essa revisdo tera foco nos exames que envolvem a tunica nervosa do bulbo ocular, e
nos trajetos neuroldgicos que carreiam o processamento visual até o cortex occipital. Bem

como no entendimento de caracteristicas da visdo dos equinos.
3. Caracteristicas visuais e anatomicas dos equinos

O olho do equino em comparagdo a outras espécies ¢ grande, proeminente, e
localizado lateralmente no cranio. Tais peculiaridades permitem vantagens como um largo
campo visual lateral, aproximadamente 200° para cada olho, que confere grande visdo

periférica monocular. Em contrapartida, a espécie detém um pequeno campo de visdo
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binocular, cerca de 65°, o que confere uma acuidade visual diminuida. O formato da coérnea
tem caracteristica fisiologica de hipermetropia, gerando como consequéncia uma maior

capacidade em focar objetos de longe, e menor de perto”.

A retina possui maior quantidade de bastonetes em relagdo a cones, na propor¢do de

20:1, o que confere aos cavalos excelente capacidade de visdo noturna. Bem como, também

possuem areas da retina com boa concentracdo de cones, o que incorre em boa acuidade
. 9 , . o~

visual’. Além disso, no que se refere as cores enxergadas, possuem espectro de visao

dicromatico (a retina capta 545 a 429nm de comprimento de onda), o que permite a eles

enxergar tons de amarelo, verde e azul, todavia ndo tem boa percepgio de vermelho®.

Equinos adultos normalmente piscam de 5 a 25 vezes por minuto em repouso. As
piscadas nem sempre sdo sincronas, binoculares, existindo uma variacdo de 30 a 100% para
ocorrerem bilateralmente. Além disso elas podem ocorrer de forma completa ou incompleta,
sendo a ultima quando ocorre movimento somente na palpebra superior, sem

. . 5 . A . . .
acompanhamento da inferior’. Existe uma tendéncia ao aumento das piscadas por minuto de
animais submetidos a fatores estressantes, no entanto, ¢ descrita variagdo individual em

equinos com comportamento mais reativo ou menos reativo' .

Todas essas particularidades visuais sdo caracteristicas evolutivas da espécie, que ¢
uma presa na natureza, se adaptando a visdo periférica monocular no intuito de priorizar
fugas. Nao se deve incorrer no erro de comparar com a visdo humana ou de outros animais
domésticos, pois para as funcdes dos equinos, essas caracteristicas estdo perfeitamente

adaptadas.

4. Inspecio do animal com suspeita de cegueira

Avaliar a presenca de visdo em um paciente equino trata-se de uma tarefa complexa e
subjetiva. Necessita do somatorio da avaliacdo do animal no seu ambiente habitual, seja baia
ou piquete; do teste de deambulacdo com obstdculos; mais as respostas e reflexos neuro-

oftalmicos™® (Figura 1).
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Figura 1. Mapa mental do passo a passo para avaliagdo da visdo no equino.

Avallacdo da presenca de visdo em equino

Para prosseguir com as avaliagdes

Observar o paciente em neurolégicas é necessario
B seu ambiente habitual transparéncia dos meios 6pticos
(cdrnea, humor aquese, lente ettr)

Teste de deambulagao Caso necessario,

2 com obsticulos indicar exame oftalmoiégico
|
3 Resposta de ameaca 3 Reflexo de ofuscamento 3 Reflexo pupilar direto e consensual
\ /
Com modulacdo central Sem modulacdo central
/
e e

optico, quiasma, cerebelo etc.

Realizar fundascopia US
ocular e eletrorretinografia

Figura 1: Mapa mental do passo a passo para avaliagao da visdo no equino (Fonte: Arquivo pessoal)

Quanto a observagdo do paciente em seu ambiente deve—se considerar que animais
com cegueira subita tendem a mostrar-se assustados, relutam se movimentar, podem se
hiperexcitar com minimos estimulos, como a colocagdo de um cabresto. Enquanto que
animais adaptados a cegueira ou com cegueira parcial podem se comportar de modo
praticamente normal, tornando dificil a percepgao de alteragdes. Isso ocorre por conhecerem o
ambiente, usarem outros sentidos (olfato, tato), ou mesmo seguir outros animais da tropa para

se guiar.

Quanto ao teste de deambulagdo com obstaculos, deve ser realizado em um olho de

, 5 eqe
cada vez, tampando o contralateral com um pano ou madscara’. Recomenda-se utilizar
obstaculos que ndo causem lesdes em caso de colisdo, ou até evitar o teste em caso de

cegueira expressamente definida.

E primordial excluir a presenga de lesdes em estruturas anatomicas oculares podem
influenciar os resultados dos testes de visdo, como: edema e assimetria palpebral,

blefaroedema, secre¢des oculares, opacidades ou lesdes evidentes em cornea, opacidades ou
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turbidez de cdmara anterior, opacidades de lente. Essas alteracdes devem ser avaliadas, com

mais detalhes, em exames oftalmicos especificos.

Caso os testes de visdo levem a uma suspeita de amaurose (cegueira central), deve ser
realizado exame neurologico completo’. Geralmente equinos com lesdes centrais tem
alteracdo em mais de um par de nervos cranianos. Em casos de suspeita de lesdo periférica em
retina ou nervo optico, sdo indicados alguns exames complementares que podem colaborar

com o diagnoéstico: fundoscopia, ultrassom ocular e eletroretinografia.

5. Musculatura e inerva¢ao envolvidas nos testes oftalmicos

Os principais testes neuro oftdlmicos realizados durante um exame rotineiro sdo a

5,6

resposta de ameacga e os reflexos oculares (pupilar, ofuscamento e palpebral). Estes,

mobilizam complexa interacdo neuroldgica e muscular.

Acerca das musculaturas envolvidas nos testes, primeiro destacam-se as palpebrais,
responsaveis pelo fechamento e abertura das palpebras inferior e superior. Também existem
as musculaturas envolvidas na movimentagdo e retragdo do bulbo ocular. E finalmente
também se inclui a propria iris, composta por dois musculos que envolvem o controle

pupilar'"'2. A figura 2 detalha a fungio e inervagio de cada um desses miisculos.
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Figura 2. Musculaturas e suas respectivas inervagdes relacionadas ao bulbo ocular

equino.

Figura 2: Musculaturas e suas respectivas Inervacoes
relacionadas ao Bulbo Ocular Equino

Facial (VII)

Orbicularis Oculi
(fechamento palpebral)

Elevador Palpebral Superior
(abertura palpebral superior)

Elevador Angular Medial
(abertura medial palp. superior)

Musculo de Muller
(abertura palpebral superior)

Musculo Malaris
(abaixamento palpebral inferior)

Oculomotor (III)

Facial (VII)

Fibras Simpaticas

Facial (VII)

Reto Dorsal

Reto Ventral
Reto Medial

Reto Lateral
Obliquo Superior
Obliquo Inferior

Retrator do Bulbo Ocular

Oculomotor III

Oculomotor III

Oculomotor III

Troclear IV

Troclear IV

Oculomotor III

Abduscente VI

Mdsculo Esfincter da fris

Msculo Dilatador da fris

6. Principais testes neuro-oftalmologicos

Porgao Parassimpatica
do Oculomotor

Porgdo Simpatica do
Oculomotor

Para além do conhecimento acerca da inervacdo de cada estrutura, faz-se necessario

compreender as vias aferentes e eferentes de cada mecanismo neurofisioldgico envolvido nos

testes oftalmicos’. Essas vias estdo esquematizadas na figura 3, a resposta de ameaca ilustrada

na figura 4, e o reflexo pupilar na figura 5.
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Figura 3. Esquematizagdo das vias aferentes e eferentes da respostas neuro oftdlmicas

no equino.

Figura 3: Esquematizacdo das vias Aferentes e Eferentes
da respostas Neuro-oftdlmicas no Equino
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Figura 4. Ilustragdo das vias aferentes e eferentes da resposta de ameaga no equino.

Figura 4: llustra¢ao das vias Aferentes e Eferentes
da resposta de ameaca no equino
(Imagem: Arquivo pessoal )

15

I\

Legenda: Via Aferente: 1) Retina; 2) Nervo Optico; 3) Qui-
asma Optico; 4) Trato Optico; 5) Nicleo Geniculado La-
teral; 6) Radiaces Opticas; 7) Cértex Visual do Lobo Q¢-
cipital. Via Eferente: 8) Fibras Associativas; 9) Cortex Eran-
tal; 10) Fibras de Projecdo; 11) Nicleo Ponting; 12) Cor-
tex Cerebelar; 13) Nicleo Vermelho; 14) Nicleo do Ner-
vo Facial; 15) Nervo Facial; 16) Masculo Orbicular

A resposta de ameaca (figura 4) ¢ um dos testes para avaliar fungao visual. Ao realizar
gesto de ameaca em dire¢do ao olho, espera-se resposta de piscar e possivel afastamento da
cabega®. Os movimentos de aproximagdo da palma da mio devem ser feitos em diregdo a 3
regides oculares: central, lateral e medial, com cuidado de ndo carrear corrente de ar que
possa induzir sensibilidade corneana, bem como ndo encostar em cilios ou vibrissas. O
movimento pode ser repetido quantas vezes for necessario para conclusdo, animais muito
calmos ou apdaticos podem demorar a responder dificultando a interpretagdo, bem como o

contrario.
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Como envolve o cortex occiptal (visual) e cerebelar, essa resposta ndo s6 depende
apenas de vias neuroldgicas oftalmicas periféricas, como também necessita de plena fungdo

das vias encefélicas, o completo mecanismo neurofisioldgico esta descrito na figura 4.

Estudo recente com aferigdo de potencial evocado de visdo', detectou plena fungdo do
cortex visual de equinos saudaveis entre 36 horas a 28 anos de idade. Infere-se disso que o
cortex occiptal (visual) ja € funcional ao parto, bem como todo mecanismo aferente da visdo.
No entanto, trabalhos recentes tem demonstrado que potros ndo nascem com resposta de
ameaca presente'*. Sendo assim, acredita-se que eles precisam aprender apds o nascimento o
mecanismo eferente de piscar. Parte através do cortex cerebelar o estimulo ao nticleo do facial
na medula oblonga, e subsequentemente ao ramo do nervo facial que inerva o musculo
orbicular responsavel pelo fechamento da rima palpebral®. Certamente o refinamento desse
mecanismo neuro motor a partir do cerebelo ocorre no pds parto imediato, e espera-se que

potros saudaveis ja o tenham a partir da segunda semana de vida.

O reflexo de ofuscamento também ajuda a determinar presenca de acuidade visual.
Este deve ser realizado com potente fonte iluminagdo direcionada de maneira stbita ao olho,
gerando resposta de piscada geralmente bilateral, ou até retracio do globo ocular’. A sua
exata via neuro anatomica nao esta totalmente elucidada, porem existem relatos que indicam
uma via subcortical. O mecanismo de recepcdo de estimulo ¢ igual ao de ameaga, sendo que a
partir do trato dptico o impulso nervoso vai até as fibras tectonicas, que comunicam-se ja com
o nucleo do facial sem necessidade de modulagdo cerebral. O ato de piscar mais uma vez
ocorre por intermédio do musculo orbicular, enquanto que a retracdo do bulbo ocular pelo

musculo retrator .

O reflexo pupilar (figura 5) trata-se da incidéncia de luz focal no olho em direg¢do a
pupila causando constriccdo do musculo esfincter da iris, gerando miose ipsilateral (reflexo
pupilar direto) e também contralateral® (reflexo pupilar consensual). E importante pontuar que
cerca de 80% dos axdnios que saem da retina para o nervo Optico em direcdo ao quiasma
direcionam-se ao trato Optico contralateral, de maneira que todo mecanismo de processamento
nervoso daquele olho ocorre contra lateralmente no sistema nervoso central. Enquanto isso,
20% dos axonios permanecem ipsilaterais apds passagem pelo quiasma, estimulando a mesma

resposta na iris do olho contralateral® (resposta consensual).
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Figura 5. Vias aferentes e eferentes do reflexo pupilar a luz.

Figura 5: Vias Aferentes e Eferentes do Reflexo
Pupilar a Luz (Imagem: Arquivo pessoal)

Legenda: 1) Retina; 2) Nervo ()ptico; 3) Quiasma Optico;
4) Trato Optico; 5) Nicleo Pretectal; 6) Componentes
Parassimpaticos do Qculomotorou Nicleo de Edinger-
Westphal; 7) Oculomotor; 8) Ganglio Ciliar; 9) Nervos Cili-
ares curtos; 10) Misculo Esfincter da fris

O reflexo corneano pode ser testado com um swab tocando gentilmente a cornea nao

. 5 , . ~ . . ~ A .
anestesiada’. Ressalta-se que a cornea possui padrio radial de inervagdo por axdnios
desmielinizados provenientes dos nervos ciliares, que advém do ramo oftadlmico do trigémeo,
responsaveis por sua alta sensibilidade. O endotélio corneano possui alta quantidade de
receptores de pressdo, enquanto o epitélio ¢ densamente inervado e possui grande quantidade
de receptores de dor, de 300-600 vezes mais que a pele, como uma maneira de protecdo ao

olho'®.

Uma possibilidade de quantificar a sensibilidade da cérnea ¢ pela estesiometria. O
estesidmetro Cochet- Bonnet (figura 6 e 7) baseia-se na mensuragdo do limiar de toque da
cornea a partir de um filamento de nylon de pequeno didmetro (0,12mm). Quanto mais longo
o filamento menos pressdo ¢ aplicada na cornea, e vice versa. No equino a regido central da
cornea ¢ a mais sensivel, e a regido dorsal a menos sensivel. Apesar desse teste neuro-
oftalmico ndo testar visdo de maneira direta, ¢ uma ferramenta importante para monitorar

doencas e cicatrizagdo corneana, ja que a sensibilidade corneana afeta diretamente a
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. . - . 1 ;. . At
capacidade de piscar e a produgio lacrimal'®. Em outras espécies, ceratites cronicas como a
. .. ey eqe 1
ceratoconjuntivite seca comprovadamente reduzem a sensibilidade corneana'’. Em potros,
estima-se que a sensibilidade corneana seja inferior a de equinos adultos, principalmente em

. . . 4
animais com comorbidades”.

Figura 6. Estesiometro Cochet- Bonnet

Figura 7. Estesiometria sendo feita em um potro Crioulo

O reflexo ou sensibilidade palpebral pode ser testado com estimulo sensitivo nas
palpebras superior e inferior. Espera-se que o animal pisque ao encostar de maneira suave a
ponta de uma gaze, previamente torcida no proprio eixo, nos cilios da palpebra superior e nas
vibrissas da palpebra inferior, nos cantos medial e lateral. A superior esta associada a fibras
aferentes do ramo oftdlmico do nervo trigémeo localizadas nos cilios dos cantos temporal e

lacrimal da palpebral superior, a inferior recebe inervacdo do ramo maxilar do nervo
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trigémeo. A resposta eferente de piscar, representa funcdo de axdnios de ramos auriculo

palpebrais do nervo facial, associado a musculatura palpebral envolvida, principalmente o
, . 6 , . ~ . ~ P

musculo orbicular’. Déficits neste reflexo estdo relacionados a lesdes nervosas periféricas ou

centrais, excluindo-se alteragdes estruturais das palpebras como edemas ou laceracdes.

7. Consideracoes finais

A avaliagdo da visdo em equinos ¢ complexa, subjetiva e envolve conhecimentos
multidisciplinares. Dessa maneira deve ser realizada minuciosamente para atingir melhores
diagnosticos. Para tal ¢ necessario conhecimento dos testes neuro-oftalmologicos,
principalmente suas repercussdes anatomicas e fisioldgicas, a fim de se localizar possiveis
lesdes. Esse entendimento ¢ fundamental para o encaminhamento correto e precoce em casos

oftdlmicos no intuito de preservar a capacidade visual e atlética dos equinos.
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Ophthalmic parameters of healthy neonatal Crioulo foals

Highlights

All Crioulo foals had non-cortical reflexes present since birth: dazzle reflex,
pupillary reflexes and palpebral reflex. Showing in this breed a ready
neuroperipheral maturation comparing to other reports.

The positive menace response had gradually and rapdly been present through
aging, with 28,6% prevalence in first 6 hours of life, than to 100% prevalence
from the second week until the end of experiment.

Tonometry values rised throughout aging, having the lowest value at the first
hours of age, with gradual increase until 2 months, this is a new result not
described before.

Esthesiometry had the highest value at foaling and first day, with lower values
at the older ages.

Shirmer tear test had no difference between moments and neither between
mare and foal. Showing that healthy foals has normal lacrimal production
since birth.

All foals had elliptical/flattened pupil’s shape since 1 week of age, the same

adult pupil shape espected.
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Abstract

The neonatal foal ophthalmology is morphologically and functionally different from
adult horses. There are peculiarities expected according to age and breed, especially
in neuro-ophthalmic parameters. This study aims to evaluate development of
ophthalmic parameters of healthy Crioulo neonates from birth throughout the first two
months of life. Thirty-three purebred Crioulo foals were used after foaling. Seven
evaluations moments postpartum were classified as: TO (1-6h); T0.5 (48 hours); T1
(one week); T2 (two weeks); T3 (three weeks); T4 (four weeks); and T8 (eight
weeks). The parameters were evaluated in the respective order: blinks per minute;
menace response; dazzle reflex; palpebral reflex; corneal sensitivity with Cochet-
Bonnet esthesiometer; direct and consensual pupillary reflex; pupillary slit shape;
Schirmer tear test | (STT I); applanation tonometry or rebound tonometry. The main
results were the prevalence of 95.5% of the flat pupil shape; the menace response
increasing throughout age from 28.6% prevalence on TO to 100% in T2; the
presence in all foals of photo-dependent reflexes since birth; esthesiometry had
decreasing results, with the greatest sensitivity being described on the TO (4.65 cm);
tonometry obtained the lower value at TO, with gradually increasing in next moments.
Some findings of this study on Crioulo foals differed from other breed’s reports,
therefore further studies comparing breeds and ages are important to neonate’s

ophthalmology.

Keywords: Corneal esthesiometry; Menace response; Neonatology; Neuro-

ophthalmic reflexes; Tonometry
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1. Introduction

The ophthalmology in neonate foals is expected to be different
morphologically and functionally from adult horses. There are peculiarities according
to age and breed, especially in neuro-ophthalmic parameters such as menace reflex,
pupillary reflex and dazzle reflex, and also in ocular parameters as lacrimal
production, and (IOP) (Brooks e Plummer, 2022). However, clinical information about
ophthalmic parameters in healthy neonates is scarce and do not include variety of
breed found in Brazil (Latimer et al., 1983; Leiva et al., 2011; Nardi et al., 2022). This
is the first description of ocular parameters in Crioulo foals, with a unprecedent

methodology of evaluations since birth to two months old.

The Crioulo breed, considered the most important and predominant in Rio
Grande do Sul - Brazil, has more than 460.000 horses registered in breed’s National
Association. Furthermore, it has huge relevance in neighboring countries such as
Argentina, Paraguay, Uruguay and Chile (Nogueira, 2022). As many other breed’s

sports, in this one, vision acuity is obviously important for accuracy in performance.

Generally, ophthalmological evaluations in neonates are only required when
easily evident conditions are observed, such as in septic foals or congenital
abnormalities. Another usual demand occurs after one year age, when a pucharse
exam is required, making detection of eye diseases late and consequently increasing
risks of sequelae affecting the visual function (Turner, 2004). Therefore, the
recommendation is to perform ophthalmic exam of newborns between 12 and 36
hours of age, to assess the presence of conditions that may affect future

performance (Leiva e Pena, 2016).
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In the immediate postpartum period, the foal goes through adaptation and
neuromuscular activation of reflexes correlated with healthy behavior, such as
sucking reflex and time to standing (Curcio e Nogueira, 2012). In this regard, ocular
examination could be included in assessment of neuro-ophthalmic health, and be

correlated with systemic maturation.

Regarding neuro-ophthalmic tests, some photo-induced reflexes have non-
cortical pathways, such as dazzle reflex and puppilary reflex. Otherwise, menace
response has visual cortex and cerebellum modulation, and consequently the foal
need to learn this visual behavior after birth (Dwyer and Henriksen, 2022). This
learning time information varies in literature from 9 days (Enzerink, 1998) to more

than 1 month age (Nardy et al., 2022).

Other parameters also had diferences reported with aging, such as lacrimal
production and corneal sensibility (Brooks et al., 2000; Nardi et al., 2022). On Crioulo
breed, only adult horses parameters had been published, like tonometry and tear

production (Andrade et al., 2016; Bacchin et al., 2021).

This study aims to evaluate development of ophthalmic parameters of healthy
neonates from birth throughout the first two months of life. Aiming to obtain baseline

values for Crioulo foals and for future comparison with other breeds and ages.

2. Materials and methods
2.1 Ethical approval

The study protocol was approved by Animal Care and Use Committee of
Federal University of Pelotas (Approval number 031677/2023-42; Approval date

February 2023)
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2.2 Foals utilized and moments of evaluation

Thirty-three purebreed Crioulo foals was used after foaling from mares
belonging to Palma Equine Culture Center (University of Pelotas), at Pelotas, Rio
Grande do Sul, Brazil. Twenty-two from 2023 breeding season, and eleven from
2024 season. Nineteen foals were male and fourteen were female. University

veterinary staff monitored pregnancy and delivery.

All mares used were purebred Crioulo, vaccinated against rabies, herpesvirus
1 and 4, tetanus and strangles, and dewormed during pregnancy. They were kept in
a paddock of ryegrass and native grass during pregnancy, in addition to 1% of their
body weight of a commercial concentrate horse feed (12% protein) and water ad
libitum. At the estimated time of foaling, being predicted by evaluating the colostral
pH, they were taken to an individual stall, 4x4 meters in size, ventilated, with wood

shavings bed.

In the immediate postpartum, until the second month of life, the foals were
subjected to daily clinical examinations to be considered healthy. The ocular
evaluation was performed in stall with dim light, in a stand position, beside the
mother, and only with manual physical restraint, to obtain the least stressful condition

possible and aiming to not influence in ophthalmic parameters.

Seven evaluations were used, classified as: TO (immediate foaling, 1-6h
postpartum); TO.5 (48 hours postpartum); T1 (one week postpartum); T2 (two weeks
postpartum); T3 (three weeks postpartum); T4 (four weeks postpartum); and T8

(eight weeks postpartum).
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2.3 Ophthalmic tests

At each exam time, the foals were evaluated for the following parameters in
the respective order: blinks per minute; menace response; dazzle reflex; palpebral
reflex; corneal sensitivity with Cochet-Bonnet esthesiometer — figure 1 (Luneau
Technology Operations®); direct and consensual pupillary reflex; pupillary slit shape;
Schirmer tear test | (STT 1) (figure 1); applanation tonometry with Tonopen Avia Vet

(Reichert®) or rebound tonometry with Tonovet (Icare®).

Figure 1. Left side: foal at STT | test; right side: foal at esthesiometry test.

Blinks per minute were counted using a four-digit manual volume counter
(Brasfort®). The assessment was performed monocular, one eye at a time. Counting
began after the foal calmed down from the restraint in the station, held by the neck
and base of the tail, with the assistant taking care not to touch the head, eyes, or

compressing the jugular.

All tests and reflexes were conducted as recommended by equine

ophthalmology reference literature (Dwyer and Henriksen, 2022). The menace
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response was performed for three areas of each eye (central, lateral and medial). It
was considered negative foals that did not blink or had a very slow response. The
palpebral reflex was tested by gently touching the tip of gauze, previously twisted, to
the eyelashes of the upper eyelid and the vibrissae of the lower eyelid. During the
pupillary reflex test, the shape of the pupillary slit was determined, whether circular

(round) or elliptical (dorsoventrally flattened).

Corneal sensitivity was graded from 0.5 to 6cm (corresponding to 15.9 -
0.4g/mm? of threshold pressure) using the Cochet-Bonnet esthesiometer,

examination was performed in the central area of the cornea as standard.

The Schirmer tear test | (STT [), standardized for measuring tear production
without topical anesthesia, was conducted using a commercial 0-35 millimeter strip
(Tear Touch — Ophthalmos Ltda.) positioned in the inferior conjunctival sac, at central
cornea area, with open eyes for one minute. For comparison purposes, the STT | of

each foal's mare was also measured on the foaling day.

Tonometry was performed by applanation with the Tonopen Avia Vet
(Reichert®) in foals from the 2023 season, after prior topical anesthesia with
proxymetacaine (Anestalcon®). Otherwise, rebound tonometry with Tonovet (lcare®)
was conducted in foals from 2024, without prior topical anesthesia. All foals were
kept standing with their heads erect above the level of the heart, and the eyelid
opening was gently performed to avoid compressing the eyeball. Care was also

taken to avoid compressing the jugular vein during physical restraint.

After collecting aforementioned parameters, the foals underwent the remaining
ophthalmic exam to rule out conditions that could interfere in ocular health. This
evaluation was performed after data collection to avoid interference in reflexes and

tear production. The ocular surface and anterior segment were evaluated using slit-
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lamp biomicroscopy (SLP-Z, Apramed®). Fluorescein test was performed with
individual strips (Synn vet®) and fundoscopy by indirect ophthalmoscopy using a 20-
diopter lens. This complete ophthalmic examination was considered an inclusion

criterion in the experiment, in which only healthy foals were used.
2.4 Statistical analysis

The data were statistically analyzed using Statistix 10.0® software. Descriptive
statistics were performed for each variable analyzed, using each eye (left and right)
as experimental n, by using the Shapiro-Wilk normality test. In the quantitative
variables, for comparison between moments and between collection seasons, the
LSD — ANOVA test was used, with a significance level of 5%. For qualitative

variables, distribution frequency and the Chi-square test were used.
3. Results
3.1 General results

All foals were born healthy, without complications. Also, no foal presented any
abnormality in the ophthalmological examination, so there was no one excluded from
the analyses. Furthermore, the tests carried out did not cause any harm to the

horse’s eye health.

All photo-dependent reflexes were present from birth to two months of age in
all foals, except for menace response. The dazzle reflex, direct pupillary reflex,
consensual pupillary reflex, and palpebral sensitivity were functional since birth in
Crioulo foals. The overall mean number of blinks per minute in this experiment was
22.18 + 9.37. Table 1 shows the results of the qualitative variables, while Table 2
shows the quantitative results. Variables that remained constant over the 2 months

are not shown on the table.
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Table 1. Mean prevalence of qualitative ophthalmic variables evaluated in Crioulo
foals from 6 hours to 8 weeks of age

Data Moments of ophthalmic exam
P t
(Percentage/n 0 10,5 T P 3 T4 T8 Mean
) prevalence

Elliptical 71,4%° 95,5%" 100%* 100%* 100%° 100%* 100%° 95,5%
pupilar shape  (30/42)  (42/44)  (42/42)  (48/48)  (48/48)  (48/48)  (48/48) (298/312)

;Oes:;‘c’z 286%  S0%°  952% 0 100%°  100%%  100%° 82,7%

0
response (12/42)  (22/44)  (40/42) o) (48/48)  (48/48)  (48/48) 258/312

Table 2. Mean and standard error values (xts) of the quantitative ophthalmological

parameters evaluated in Crioulo foals from the 2023 and 2024 seasons.
-Different lowercase letters (a b c) on the same line represent a statistically significant difference
between the moments in each group (p<0.05).

-Absence of letters means that there was no statistical difference between moments.

-Different uppercase letters (X and Y) in the same column represent a statistically significant
difference between groups at each time point.

Moments of ophthalmic exam

Mean of

Dat s
ata eason 1 10,5 T P 3 T4 T8 all P
moment  value

S

21,06° 21,77° 20,27° 21,40° 23,68° 20,36° 23,73° 21,65F
X ex X X X X X

2023
Tonometry +0,47 p>0,0
(mmHg) 26,50° 28,27° 27,70° 27,33° 28,22° 30,11° 32,33 28,61 5
2024 Y oY oY Y oY by Y
+0,47
Schirmer
Tear Test | Mean 22,40 19,79 21,45 21,25 21,35 21,10 21,79 fé’zg p>§ 0
(mm/min) 7
Esthesiomet ) on  465°  438° 3,09° 331° 360" 364% 368 407 p>00
ry (cm) +0,05 5
Blinksper 1 oan 21,83° 28457 22,81° 2233° 2007 1987° 21,49° 221& P00
minute +0,53 5
3.2 Pupil shape

A majority 95.5% of foals had elliptical pupils, flattened dorsoventrally, among

the total number of eyes evaluated, with no difference between the left or right eye in
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the Chi-square test. Regarding the first 6 hours of life (TO), 71.4% of the foals had
elliptical pupils, and on the second day of life (T0.5), the percentage increased to
95.5%. At 7 days of age (T1), 100% of the foals already had flattened pupils and this

remained the case until 2 months of age, with no more foal with round pupils.
3.3 Menace response

In the present report, the menace response was present in the majority,
82.7%, of the foals in both eyes when comparing all moments. When analyzed during
age development, it was observed less frequently at TO (28.6%), with a statistical
difference for the other moments. A gradual and significant increase in this response
was observed when comparing moments TO and T0.5 (50%; p=0.4), as well as
between T0.5 and T1 (95,2%; p<0.001). From T2 until the end of the experiment, the
threat response was present in 100% of the animals. This result demonstrates the
rapidity which neonates reach neurological maturity, beginning between six hours

and two weeks of life.
3.4 Shirmer tear test |

Regarding tear quantification using STT |, the average for all analyzed
moments was 21.3 + 4.6 mm/min. While the average STT | of the mares was 21.63
mm/min, with no statistical difference in relation to their foals. About the correlation
between the STT | of foals and mares, there was a moderate positive correlation
(r=0.40, p=0.008) only at the first exam (T0). Compared by season, the 2024 foals
(22.24mm/min) had a statistically higher average than those of 2023 (20.64mm/min).
There was no statistical difference between ages regarding the tear production of

foals.
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3.5 Esthesiometry

The evaluated foals obtained a general average of 4.07+1.04cm in
esthesiometry on the central area of the cornea throughout the experiment. The
moments with the greatest corneal sensitivity were the first two (TO: 4,65cm and
T0.5: 4,38cm), with a statistical difference from the others. While the lowest average

obtained was at two weeks of life (T2).
3.6 Tonometry

In the 2023 season, in which applanation tonometry was used, the overall
mean was 21.65 mmHg, while in the 2024 season, with the rebound tonometer, the

mean was 28.61mmHg.

Regarding the evaluation moments, the lowest tonometry values were at 6
hours of age (TO, 22.08 mmHg), with a statistical difference for foals at 3 weeks (T3,
24 47 mmHg) and 8 weeks (T8, 26.44 mmHg) of age. In summary, there was a
tendency for IOP to increase over time, even in the overall average of the two

seasons and in each one

4. Discussion

In the current experiment, the Crioulo foals had a blink rate within the average
of 5 to 25 times per minute described for horses by Dwyer and Henriksen (2022),
despite a high standard deviation. It is known that the animal's nature and stress
involved during measurement can affect the number of blinks (Mott et al., 2020). This
parameter has high variability, making its measurement difficult in normal behavior
conditions. That is the reason the foals were evaluated without sedatives and with

less stress conditions possible. Nevertheless, it is an important marker in
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neonatology, since sick foals tend to blink less frequently, increasing the risk of
corneal injuries. Factors like dehidratation, or low corneal sensitivity can explain a

small number of blinks per minute (Lassaline and Latimer, 2018).

In our study, all foals readily displayed normal pupillary reflex from the first six
hours of life. A similar finding was described in foals studied in Netherlands and
Spain, in which the pupillary reflex was noted from the first 24 hours of life (Enzerink,
1998). Some other studies found slower response to light in pupillary reflex of foals
(Lassaline and Latimer, 2018), or that it only develops at five days of age (Leiva et

al., 2011).

The foal's retina and optic nerve are already complete from the neuroectoderm
and optic peduncle since the embryonic period (Martins and Galera, 2024). Thus, it is
justified that both direct and consensual pupillary reflexes are present from birth
since their afferent neurological pathway is not modulated in the visual cortex, and

their efferent pathway is conducted by the oculomotor.

As for the dazzle reflex, it helps to determine, together with other tests, the
presence of visual acuity (Leiva and Pefia, 2016). Its exact neuroanatomical
mechanism is not fully understood, but there are reports that indicate a subcortical
pathway (Hamor and Whitley, 2024). This probably is the reason this reflex was
present from birth in the present study. On the other hand, Leiva et al. (2011)
described that foals of the Andalusian, Arabian, and Holstein breeds have this reflex

between one and 21 days of age.

Regarding eyelid sensitivity, as all foals were healthy during the experiment, it
was present in all neonates. It is believed that palpebral sensitivity in foals is like
adults or even that there is hypersensitivity, according to Hamor and Whitley (2024).

Other authors have reported decreased eyelid sensitivity in neonates, especially
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those affected by a systemic disorder involving dehydration (Lassaline and Latimer,
2018). Therefore, this can be another important tool for assessing the health and
desirable maturity of the neonate, adding to other well-founded systemic data such
as sucking reflex time, time spent in to standing position and meconium elimination

(Curcio and Nogueira 2012).

According to a previous report in neonates (Leiva et al. 2011), the pupillary slit
has a rounded shape and becomes horizontal, as in the adult horse, within the first
week of life. Another study (Latimer et al. 1983) observed variation in pupillary shape
between round and elliptical from birth, without correlating this finding with age. Pupil
shape at birth may vary between breeds or lineages; however, according to our
study, there is a tendency for becoming dorsoventrally flattened very quickly after
birth. Therefore, pupillary shape may be a promising variable for future evaluation in

premature and dysmature foals.

Regarding the menace response, only 28% of foals had this response at fisrt 6
hours of life. It's a response learned after birth and depends on a functional neuro-
ophthalmological pathway, primarily modulated at the level of visual cortex and
cerebellum (Lassaline and Latimer, 2018). A report by Strom using flash visual
evoked potential measurements detected full function of the visual cortex in healthy
foals since birth, with waveform morphology similar to adult horses and diferences
only in amplitudes. It can therefore be concluded that visual perception in the visual
cortex of foals is functional at birth, however, the manece response still requires
postnatal refinement by learning its efferent response. That motor response is
processed between the cerebellar cortex and the facial nucleus, inducing the blinking

action of the orbicularis oculi muscle.

Our report suggests that this mechanism refinement occurs relatively quickly
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in the first weeks of life, since it starts at 28% of foals on TO, until reaching 100% of
foals at two weeks of age (T2). Diverse results are found in literature regarding this
developmental timeframe. Irby (2011) reported that a positive response emerged
from two to four weeks of age, and Lassaline and Latimer (2018) describes that can
take days to weeks to develop, without age precision. Enzerink (1998) observed this
response in Dutch Warmblood foals up to the ninth day of life, although it developed
gradually and asymmetrically, and could appear in one eye before the other. A later
development was described for Standardbred foals, the breed did not present
menace response until one month of age, according to Nardi et al. (2022). This high
variation founded suggests possible differences between breeds and justifies more

studies on neuro-ophthalmological parameters of neonates.

In the Crioulo foals evaluated in this study, tear production measured by STT |
was similar to their mares, with no statistical differences, and with positive correlation
at foaling time. There are reports of lower STT | values in healthy and sick neonatal
foals compared to adults in Standardbred horse with foals (19.11 mm/min) having
less tear production than their mares (23.20 mm/min) during the first month of life
(Nardi et al., 2022). Brooks et al. (2020) also reported lower averages (12.8 £ 2.4
mm) in neonates up to 7 days of age than in adults, although there was no statistical
difference. In our report STT | was performed in central area of cornea, with eyes

open without topical anesthesic, as usually recommended.

The higher STT | values founded in this report could be a racial or climate
fator response, due to high humidity and heat in Pelotas-RS region at the months of
the experiment. The differences between seasons also were possible due to climate
variation, with the 2024 season with more heat and humidity. According to data from

Brasilian Agricultural Research Company (EMBRAPA), the average monthly
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temperature and average relative humidity in Pelotas during the experiment was

18.22°C and 86.6% in 2023 and 19.42°C and 85.9% in 2024.

The central area of the cornea obtained an average of 4.07+1.04cm in
esthesiometry throughout the experiment, and the greatest corneal sensitivity were at
the first 48 hours of life. Brooks et al., (2000) reported higher values of 5.54+0.57cm
in adults and 5.33£0.60cm in healthy neonates up to 5 days old, as well as
3.40£0,99cm in sick neonates. While Kaps et al., (2003) when evaluating horses

aged 1 to 4 years obtained an average of 2.36+0.44cm in the central corneal area.

When evaluating the decline in esthesiometry values as age increases, this
trend is similar to that described in the literature (Kaps et al., 2003; Hamor and
Whitley, 2024), proving the fact that healthy foals are born with a higher corneal
sensitivity threshold than adults. This is an important protective factor for the eye,
since corneal sensitivity is necessary for eyelid closure, and consequently is a

protective factor against the risk of corneal ulcerations.

In our report, the increase in IOP values throughout aging, with a statistical
difference between TO, T3 and T8, is a new result not described before. Possibly this
finding is due to the methodology of having the first evaluation in the first hours of life,
and still followed by multiple assessments until 2 months of age. A report using
applanation tonometry with foals of various breeds found lower mean values and no
statistical difference between ages, describing 17.0 + 2.8 mmHG for one-day-old

foals, and 16.7 = 1.6 mmHg in three-week-old foals (Leiva et al., 2010).

The mean tonometry values found in the foals at aplanation (21,65 + 0,47
mmHg) and rebound (28,61 + 0,47mmHg) are both within the normality threshold
described for the equine species (12-30 mmHg, Dwyer and Henriksen, 2022) and

also similar to mean values previously described in recent reports (Knollinger et al.,
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2005; Andrade et al., 2016; Angeluci et al., 2022). This result contributes with the
statment that IOP values in neonatal foals are similar to the values accepted for adult

horses (Leiva and Pefia 2016; Lassaline and Latimer (2018).

Although IOP can be affected by inumerous factors (Komaromy et al., 2006;
Latham et al 2023), most of them were not present in this report, such as: sedation,
periocular nerve blocks, ocular diseases and head height. Another factor known, the

time of day, could not be controled in this trial due to aleatority of foaling moments.

Despite reliability of both tonometry methodologies, the difference founded
between applanation and rebound in foals at this report is pastly known for adult
horses (Angeluci et al., 2022; Moreno, 2016). Angeluci et al. (2022) previously
reported in adult healthy quarter horses breed that rebound tonometry has
overstimated values comparing to real pressure by manometry, similar results were
described by Latham et al. (2023) in horses with ocular diseases. Nevertheless, the
rebound equipment still has the advantage of not using eye drops anesthesic, and
less variation by veterinarian applicator, as showed by Moreno (2016) in adult Crioulo

horses.

5. Conclusion

Some findings of this study on Crioulo foals differed from other breeds reports,
like different timing of menace response appearance, differences on pupil shape,
higher values of STT I|. As well as decreasing values of esthesiometry with aging,

contrary to the increase in tonometry values.

It is therefore concluded that further studies are important to equine

neonatology and ophthalmology, aiming to understand what is physiological in foals
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maturation and what is diferent between breeds. Furthermore, is emphasized the
importance of a complete ophthalmological examination to assess the local and

systemic health of neonate foals.
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UVEITIS IN SEPTIC FOALS: SERIAL CASES REPORT

Uveite em potros sépticos: relato de série de casos

Abstract

Uveitis is the most common ocular alteration in septic foals. Despite its importance, its
detection still is a challenge for equine clinicians, and survived foals can maintain ophthalmic
sequelae if not briefly treated. This report aim to describe ophthalmic findings and the
outcome in nine septic foals at Pelotas University Veterinary Hospital (HCV-UFPel). All
patients were diagnosed with sepsis according to clinic and laboratorial parameters. The main
uveitis findings were: conjunctival hyperemia, fibrin and flare in anterior chamber, iris change
of color, low intraocular pressure. Topically, the election treatment for all foals was two eye
drops of Prednisolone 1%, with varied frequency, until recovery of ophthalmic parameters.
There was 66% of favorable recuperation in total foals and 100% of visual recovery in
survived foals, with complete ocular pathway transparency. This report shows that in the foals
that systemic diseases recovering occurred, a proper and early topical treatment of uveitis
could lead to good visual prognosis.

Keywords: ophthalmology; neonatology; systemic disease; anterior uveitis; iridocyclitis
Resumo

A uveite ¢ a mais comum altera¢do ocular em potros sépticos. Apesar dessa importancia, sua
detec¢do ainda ¢ um desafio para clinicos de equinos, e caso ndo tratada brevemente, pode
gerar sequelas oftdlmicas permanentes em potros sobreviventes. Esse relato objetiva descrever
achados oftalmicos e a evolucdo clinica de nove potros sépticos atendidos no Hospital de
Clinicas Veterindrias da Universidade Federal de Pelotas. Os pacientes foram diagnosticados
com sepse baseado em pardmetros clinicos e laboratoriais. Os principais achados da uveite
foram: hiperemia conjuntival, fibrina livre e flare na cdmara anterior, mudanca de cor da iris,
e baixa pressdo intraocular. Topicamente, o tratamento de eleicdo foi duas gotas de
prednisolona 1% colirio, em frequéncias variadas, até a recuperagdo dos paradmetros
oftdlmicos. Obteve-se 66% de recuperacdo favoravel em relagdo ao total dos potros, e 100%
de recuperacdo visual nos potros sobreviventes, com completa transparéncia do eixo visual.
Esse relato demonstra que em potros que se recuperam clinicamente da sepse, um tratamento
precoce e eficaz da uveite pode levar a recuperagdo visual favoravel.

Palavras chave: oftalmologia, neonatologia, doengas sistémicas, uveite anterior, iridociclite

Highlights
The iris color change can be a good signal for the equine clinician and neonatologist to

suspect of visual involvement in septic foals.

A complete ophthalmic examination by a specialist with anterior chamber evaluation, and
equipment like tonometer and slit lamp is crucial to a good and brief diagnostic, improving
the foal’s chance of remaining visual.

Introduction

Sepsis is the most prevalent syndrome in equine neonatology, with 60% prevalence in
hospitalized foals (Theelen et al., 2019). Since 2014, sepsis was defined as a condition where
concomitantly infection and systemic inflammatory response syndrome exists (Palmer, 2014).
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The sepsis criterion consensus for clinical diagnosis in equine patients is the detection of more

than one infection sites ante or post mortem when performing a blood culture is not possible
(Sheats, 2019).

Neonates can manifest ocular alterations in sepsis due to secondary disorders like
dehydration, entropion, blepharitis, and corneal ulcers. However, iridocyclitis (anterior
uveitis) and chorioretinitis (posterior uveitis) are the most important ocular manifestations as
a consequence of haemato-ocular barrier breaks led by sepsis (Repiso et al., 2010). Anterior
uveitis is the most frequent ophthalmologic alteration in septic foals, and its detection is an
essential marker for bad prognosis of foal survival (Wong et al.,2018).

There are few reports of uveal manifestations in foal’s systemic diseases, and exists
controversial among bacterial agents related with uveitis in literature. The most frequent
reported are the gram positives Rhodococcus equi and Streptococcus equi, as result of sepsis
and respiratory diseases (Barratt-Boyes et al., 1991; Reuss et al., 2009; Leiva and Pefia,
2016]. However, Repiso et al. (2010) related predominance of gram negatives as Escherichia
coli obtained from blood culture of uveitis patients.

Equine neonatology still lacks of studies that confirm the real pathophysiology of uveitis in
sepsis. One hypothesis is that microorganisms directly penetrate the hemato-ocular barrier.
Another is that vascular inflammatory alterations in the uvea arise indirectly from deposition
of immunocomplexes, like in the adult equine recurrent uveitis. Either those two pathological
ways were described in foals with Rhodococcus equi infection (Reuss et al., 2009), although
there is not a conclusion witch one is prevalent.

Beyond the general health aspect of the neonate, the correct and early handling of uveitis
allows a better visual prognosis for patient’s athletic future. For this reason, improving of
equine neonatology in addition to equine ophthalmology tools can yeld valuable results.

This report aims to describe ophthalmic findings from serial cases of septic foals with uveitis
admitted at the Veterinary Hospital of Pelotas University (HCV-UFPel) in 2023 and 2024.

Casuistry

There were admitted at HCV- UFPel nine foals of Thoroughbred (n=2) and Crioulo (n=7)
breeds (table 1). All patients were diagnosed with sepsis and developed uveitis as sequel.
Sepsis score (0 to 4) was established according to Wong et al. (2018), using clinic and
laboratorial parameters. The most relevant parameters used in this score criterion was
leukopenia or leukocytosis, hyperfibrinogenemia, diarrhea or pneumonia, prematurity and
dysmaturity, lactate, and the presence of uveitis.

On first hospitalization day samples were collected for hematological and biochemistry
analysis (table 1). It was established for comparison only the first day of hospitalization
sample analysis.

The mean sepsis score was 2. Three foals had died after hospitalization with different sepsis
scores, foals 2, 5 and 6. The most relevant results for laboratorial analysis were leukocytosis
due to neutrophilia in foals 1, 2, 3 and 4, and lymphocytosis in foals 2, 3, 5 and 9. Regarding
biochemistry, fibrinogen was elevated in foals 1, 2 and 4. More information in table 2.

Feces samples were submitted to analysis in cases of diarrhea. Foals number 3 and 4 were
positive for Equine Rotavirus in PCR (G3 and G14 proteins), and negative for Salmonella
typhymurium (gene A) and Equine Coronavirus (gene M). The other foals didn’t had
pathogenic agents at results on feces analysis.
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Ophthalmic exam was performed including biomicroscopy with portable slit lamp (SLP-Z,
Apramed™); Schirmer tear test I (STT I) (Synn vet®); aplanation tonometry (Tono-pen Avia
Vet - Reichert"™); and ultrasonography in B mode (LOGIQ e - GE®, linear probe, 10MHz).

The main ophthalmic findings were conjunctival hyperemia, fibrin and flare in the anterior
chamber (100% incidence), iris change of color (77,77% incidence), and low intraocular
pressure (table 2; figure 1 and figure 2). All of them are related to bilateral anterior uveitis
diagnosis. Rubeosis iridis was also brought attention in both eyes of foal 4 (figure 2). By
ultrasonography, foal 3 had hyperechogenic sedimentations at vitreous, compatible with
posterior uveitis. The ocular surface and other anatomic structures didn’t have any alterations.
In table 2, there is more specific information about ophthalmic findings.

Figure 1. Left image: Foal’s number 2 left eye on slit lamp exam showing flare and iris color
change; Right image: Foal’s number 3 right eye with free fibrin on red arrow, and iris edema
on green arrow.

Figure 2. Left image: Foal’s number 4 right eye at the hospitalization day, showing flare, iris
edema and iris color change (opaque yellow appearence). Right image: Same foal and eye
after 3 days of topic and systemic treatment, still noted free fibrina and rubeosis iridis, and
return to it’s blue iris.

Every patient received systemic treatment based on general conditions beyond ocular disease
(diarrhea or pneumonia). Replacement and maintenance fluid therapy was instituted in cases
according to the needs of each patient. All cases received Flunixin Meglumin as systemic
anti-inflammatory therapy. The antibiotic systemic therapy was: Amicacin and Potassic
Penicillin (case 1); Ceftriaxone (case 2); Doxiciclin (case 3, 7, 8 and 9); Gentamicin (case 4);
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Sulfadiazine with trimethoprim (case 8). Foals 5 and 6 did not receive any systemic
antibiotics. This variation in antibiotic administration occurred due to different origin
properties, veterinarians, field conditions, and previous treatments that those foals were
submitted before ophthalmic examination.

Topically, the election treatment for all foals was eye drops of Prednisolone 1%, two drops
per eye, with variations of days according to each patient response. The topical treatment was
conduced until the eye shown absence of sediments (cells or protein) in the anterior chamber
and recovery of transparency.

The outcome of ophthalmic complications was positive in cases 1, 3, 4, 7, 8 and 9 (66,66% of
success). After a mean of 8,5 days on treatment, these foals showed absence of fibrin in
anterior chamber and recovery of transparency, in addition to remaining visuals. Three foals
that could be evaluated after recovery also had normal intraocular pressure. Ocular evolution
data could not be collected for foals 2, 5, and 6, as they died soon after hospitalization.

Discussion

This report describes cases of septic foals that developed bilateral anterior uveitis. It was not
possible to perform blood culture due to technical limitations, however clinical and
laboratorial data indicate sepsis in all foals according to Wong et al. (2018) and Sheats et al.
(2019) criterion (table 1). Although Rotavirus was found in two patients, it is known that
sepsis can have opportunist bacterial infections or co-infections (Sheats, 2019).

Based on ultrasonographic findings, posterior uveitis was also suspected in Case 3. While
sepsis is a recognized trigger for equine uveitis (Gilger at al., 2022), detailed descriptions of
ophthalmic lesions in septic foals are limited in the literature.

All foals exhibited conjunctival hyperemia, a common but non-specific sign of uveitis. Other
ocular inflammatory conditions can also affect the conjunctiva. Anterior chamber flare and
free fibrin were the most consistently signal (100% incidence), indicating blood-aqueous
barrier disruption. This finding is common in foals due to their high fibrin production (Repiso
et al., 2010). Fibrin clearance averaged 8.5 days and occurred gradually during
hospitalization.

Iris color changed in all cases. In Foal 4 (blue iris — figure 2), iridocyclitis-induced edema
resulted in an opaque yellow appearance. In foals with brown irides, a dark green
discoloration was observed. This color change likely reflects polymorphonuclear cell
infiltration of the uvea in response to inflammation (Tarancon et al., 2019).

Low intraocular pressure (IOP) was another consistent finding. Although established normal
foal IOP values are lacking for foals, the observed pressures were below the baseline for
healthy adult horses (15 mmHg), suggesting uveitis. This decrease may be attributed to
prostaglandin accumulation in the ciliary body and increased aqueous humor drainage via the
uveoscleral pathway (Gilger et al., 2022). IOP tended to normalize following treatment.

Topical 1% prednisolone resulted in favorable uveitis outcomes in 66,66% of cases. This
response rate may have been higher if more foals had survived sepsis. Prednisolone is often
the preferred topical steroid due to its superior intraocular penetration and activity compared
to dexamethasone (Matthews, 1999). While keratomycosis has been reported as a concern in
other countries (Galera and Brooks, 2012), the authors' experience in Brazil suggests that
topical steroid use in non-ulcerative cases does not typically induce fungal or bacterial ocular
surface infections. This result shows that a proper and early topical treatment of uveitis in
foals can lead to good visual prognosis.
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Obviously, the systemic disease recovery of the survived foals corroborated the improvement
of ocular condition. Although the systemic medications were targeting the general aspect of
the foal, certainly the flunixin meglumin had a high contribution to ocular improvement.
Flunixin and firocoxib both have a significant penetration into the aqueous barrier due to high
solubility and bonding with plasma albumin (Hilton et al., 2011). However, the first appears
to have a greater anti-inflammatory effect in uveal diseases (Gilger and Michau, 2004). About
the systemic antibiotics, each one had a variation of intraocular penetration, but is presumed
that the general treatment of sepsis stops new bacteremia and immunocomplex formation,
collaborating indirectly to the ocular improvement.

Conclusion

Even septic foals with anterior or posterior uveitis could recover visual pathway. A complete
and careful ophthalmic evaluation is fundamental and necessary in septic neonatal foals to
reach a correct and timely diagnosis. It also guides a good therapeutic choice, both systemic
and ocular, ensuring a better prognosis for visual recovery of the foal.
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Table 1. Clinical and Laboratory data from foals with uveitis due to sepsis at Veterinary Hospital of Federal University of Pelotas (HCV-UFPel).

Breed

Sex and
age

Systemic
disease

Sepsis
Score (0
a4)

Mean
cospuscu
lar
volume
(fL)
Mean
corpuscul
ar
hemoglo
bin
concentr
ation (%)
Red cell
distributio
n width
(%)
Platelet
count
(103/ul)

1
Thoroughbred

Female,
10 days

Prematurity,
Pleuropneumoni
a, diarrhea,
fisitis and artritis

39

36.9

21.7

217

2

Thoroughbred

Male,
2 months
and 15 days

Diarrhea,
pleuropneumoni
a

34.4

33.8

24.8

252

3

Crioulo

Female,
1 month

Diarrhea
(rotaviru
s)

33.2

32.8

23.8

435

4

Crioulo

Female,
1 month

Poliartritis,
Pleuropne
umonia,
Diarrhea
(rotavirus)

3

33.6

32.1

23.6

399

5

Crioulo

Female,
1 month

Enterocoliti

S

38

38

17.8

137

6 7 8 9
Crioulo Crioulo Crioulo Crioulo
Male, Male, Female, Female,
1,5 month 1 month 2 months 2 months
Inguino Diarrhea, Diarrhea, Diarrhea,
escrotal  pleuropneumoni pleuropneumoni pleuropneumon
hernia a a ia
2 2 1 1
38 41 36 40
33 34 36 55
19 19.2 19 16
324 98 443 152



White
Blood
Cells
(109/L)
Segment
ed
neutrophi
Is (/ul)
Band
neutrophi
Is (/ul)
Lymphoc
ytes (/ul)
Monocyt
es (/ul)
Eosinoph
il (/ul)
Basophil
(/ul)
Total
protein
(g/dl)
Fibrinoge
n (mg/dl)
Glucose
(mg/dl)
Lactate
(mmol/l)

20.100

16.683

2.412

804

201

800

209

45.100

39.237

5.412

451

600

123

5.5

23.200

17.632

5.568

6.4

200

131

1.7

17.700

13.983

3.009

708

8.8

600

158

2.5

6.100

4.697

1.037

183

122

9.400

3.290

5.640

376

94

10.260

7.592

103

2.360

205

6.570

3.811

2.562

131

66

9.500

7.125

7.995

190

190
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Table 2. Ophthalmic data of foals with uveitis due to sepsis at Veterinary Hospital of Federal University of Pelotas (HCV-UFPel).

Foal 1 2 3 4 5 6 7 8 9
Menace Both eyes Both eyes Both eyes Both eyes Both eyes Both eyes . Both eyes  Both eyes
o o o L o Absent in RE o o
response positive absent Positive Positive Positive Positive Positive Positive
Both eyes Both eyes Both eyes Both eyes Both eyes Both eyes Both eyes Both eyes  Both eyes
Dazzle reflex o o o o Iy o Iy I Iy
positive positive positive positive positive positive positive positive positive

Pupillary reflex

(Direct and Both eyes Both eyes Both eyes Both eyes Both eyes Both eyes Both absent Botheyes Both eyes

Consensual) positive positive positive positive positive positive in RE positive positive
Bilateral Mild Bilateral ?rilt?at:srzl Bilateral Quemosis, Bilateral
Conjunctival hyperemia, . Bilateral Slight . . Bilateral Bilateral Mild ; Bilateral Mild
) Slight . hyperemia, Slight - . Slight !
alterations engorged . hyperemia . intense hyperemia . hyperemia,
hyperemia engorged hyperemia . hyperemia
vassels hyperemia
vassels
Slight Fibrin . . .
Bilateral Mild in REand . . Bilateral . Bilateral ~ Bilateral . Bilateral Mild
. o . Bilateral Mild Intense Bilateral Mild Intense Bilateral L
Anterior Chamber fibrina and intense _ _ . _ _ fibrina and
o fibrina and flare fibrina and e mild Flare fibrina and fibrina and e Flare
flare fibrina in LE flare
. flare flare flare
bilateral flare
From blue to From From brown From brown
. From brown From brown From brown to No .
Iris color opaque . brown to to dark No alteration to dark
to dark green to dark green  dark green alteration
yellow dark green green green
Schirmer tear test 11 RE and 22 REand 22 RE and 21 13 RE and 16 RE 22REand 15RE and 18 REand 15RE and
(STTI) 18 LE 15 LE LE 13 LE and 16 LE 14 LE 12 LE 20 LE 18 LE
't?epaf’ri?r:f 11REand7 10REand 9REand12 6REand10 16RE 10REand 9REand10 16REand 14 RE and
(mmHg) LE 11 LE LE LE and 13 LE 6 LE LE 14 LE 13 LE

Heterogeneous  Bilateral

Blefaritis and echogenicity Rubeosis Periocular
Olprstame muehuenl . asedmems masm - 0oees : :
RE in vitreous temporal blefaritis
(bilateral) corner
:g:tgf;irt 18 RE and Previous 13REand 14 14 REand Previous Previous ) ) )
(mmHg) 14 LE death LE 13 LE death death
7 days of 1% 2 days of 1% 10daysof 1% 15 days of 7 days of 1% 7 days of 1% 7 days of 1%

Topical treatment 1% - -

Prednisolone Prednisolona Prednisolona Prednisolona Prednisolona Prednisolona
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Transparency
recovery of
anterior chamber

QID QID QID
7 days Previous 10 days
death

Prednisolona
QID

13 days

Previous
death

Previous
death

QID

7 days

QID

7 days

QID

7 days

*AC: Anterior Chamber, *RE: right eye

e LE: left eye; *IOP: intraocular pressure.
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3 Consideragoes Finais

A neonatologia e oftalmologia dos equinos s&o duas areas de grande
importancia dentro da medicina equina. A oftalmologia possui particularidades
anatbmicas e fisiolégicas complexas, que precisam ser bem solidificadas para
exercer a semiologia, clinica e cirurgia com sucesso. Em neonatos, faixa etaria que
possui peculiaridades especificas, torna-se ainda mais relevante a formacéao técnica
e pesquisa de novos conhecimentos. Esta tese foi baseada no interesse em
aperfeicoamento no atendimento dessas areas no Hospital de Clinicas Veterinarias
da UFPel, buscando gerar treinamento de recursos humanos e produc¢ao de material
cientifico.

Os principais resultados gerados foram a solidificacdo da semiotécnica
oftalmica em equinos, principalmente o exame neuro-oftalmologico; os dados
colhidos acerca de parametros oftalmicos basais de neonatos Crioulos, a raga mais
preponderante no Rio Grande do Sul; e atendimento especializado de inumeras
afecgdes oculares em equinos, principalmente as uveites em potros sépticos. Por
fim, almeja-se manter e ampliar o banco de dados e material biolégico para futuras
pesquisas em oftalmologia de potros.
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