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RESUMO/ABSTRACT

Introdugdo: A patologia macular é diversificada com diferentes processos fisiopatoldgicos que
levam perda da visdo central. A tomografia de coeréncia ética de dominio espectral (SD-OCT)
avalia a retina com um detalhe ao nivel quase “histolégico”, in vivo, de uma forma ndo invasiva.
Assim, avaliar trés doencas maculares distintas — a Retinopatia Pigmentar (RP) que afeta
primariamente os fotorrecetores, a Retinopatia Serosa Central (RSC) com afetacdo primaria da
corodide e do epitélio pigmentado da retina, e a Membrana Epirretiniana (MER) que atinge a
interface vitreorretiniana —e caracterizar as diferentes alteracdes tomograficas para cada doenca
é importante para o diagndstico e para avaliacdo de melhores possibilidade no tratamento das

mesmas.

Métodos: Realizaram-se diferentes estudos no Servico de Oftalmologia do Hospital de Braga. Na
RP realizou-se um estudo transversal com o objetivo de correlacionar a funcdo visual com a
afetacdo das bandas externas da retina. Na RSC realizou-se um estudo coorte retrospetivo com o
objetivo de avaliar a retina externa como biomarcador de resposta anatdomica e visual ao
tratamento com terapia fotodinamica em meia-dose (HD-PDT). Na MER realizou-se um estudo
retrospetivo com o objetivo de avaliar as camadas da retina externa e a melhor acuidade visual
corrigida (MAVC) inicial com a func3o visual final. O projeto foi aprovado pela Comissdo de Etica
do CESHB (Comissdo de Etica para a Saude do Hospital de Braga) e realizado de acordo com os
principios legais éticos. Foram recolhidos dados anonimizados: demogréficos, avaliacdo
biomicroscdpica e fundoscédpica, MAVC e os seguintes dados do SD-OCT: espessura da camada
nuclear externa (CNE), presenca subfoveal de membrana limitante externa, zona elipsoide (ZE) e

zona de interdigitacdo (Z1).

Resultados: A RP mostrou-se como uma patologia de afetacdo simétrica no SD-OCT no que
respeita ao atingimento das bandas externas da retina. A ZE mostrou-se preditora da MAVC, em
gue a sua presenca isolada melhora 0.37 logMAR a MAVC, comparativamente a outro doente

sem ZE. Na RSC, a CNE mostrou-se como preditora na resposta anatémica ao HD-PDT. Por cada
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aumento de 10 um na CNE, existe um aumento de 45.7% de probabilidade na resposta
anatémica. A ZI mostrou-se como preditora de melhor resultado cirdrgico dos doentes com MER,
assim como a MAVC inicial. A presenca de ZI prediz uma melhoria da MAVC de -1.10 logMAR,
comparativamente a auséncia desta camada que prediz uma melhoria de -0.14 logMAR. Se um
paciente tiver uma MAVC inicial de 0.20 logMAR, pode estimar-se uma MAVC final de 0.03
logMAR, comparativamente a uma MAVC inicial de 0.8 logMAR que se estima uma MAVC final de

0.29 logMAR.

Conclusdo: A retina € uma estrutura altamente complexa, organizada por camadas, cada uma
com uma funcdo especifica na transformacgdo do estimulo luminoso em um impulso nervoso. Esta
pode ser globalmente afetada mesmo quando as patologias parecem afetar areas especificas da
mesma. Pelo trabalho desenvolvido observa-se que as diferentes patologias afetam de forma
diferente as bandas da retina externa e consequentemente interferem no seu progndstico. E
importante realcar que apontar-se um unico fator como biomarcador pode parecer redutor,

devendo este ser integrado na restante informacdo clinica e imagioldgica do doente.
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ABSTRACT
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Introduction: Macular diseases are diverse, and its pathophysiological mechanisms could lead to
loss of central vision. Spectral-domain optic coherence tomography (SD-OCT) allows retinal layers
evaluation with great precision and accuracy and noninvasive modality. Therefore, evaluate
retinal layers in three different macular diseases — Retinitis Pigmentosa (RP) which affects
photoreceptors mainly, Central Serous Retinopathy (CSR) which affects primary choroid and
retinal pigment epithelium and Epiretinal Membrane (ERM) which affects vitreoretinal interface
— with tomographic flaws is important to improve differential diagnosis, monitor disease

progression as well as therapeutic effects.

Methods: All clinical studies were completed in the Ophthalmology Department of Hospital de
Braga. In Retinitis Pigmentosa field was performed a cross-sectional study to correlate visual
function and external retinal bands findings. In CSR, a retrospective cohort study was used to
evaluate external retinal bands as a biomarker to anatomical and visual response to half-dose
Photodynamic Therapy (HD-PDT). In ERM a retrospective cohort study was done to evaluate
external retinal bands and baseline best-corrected visual acuity (BCVA) with final visual function.
All clinical studies were approved by the institutional review committee and adhered to the tenets
of the Declaration of Helsinki. All collected data were anonymized: demographic, anterior
segment slit lamp, fundoscopy and the following SD-OCT layers: ONL (outer nuclear layer),
presence of subfoveal external limiting membrane, ellipsoid zone (EZ) and interdigitation zone

(12).

Results: RP showed symmetrical findings in SD-OCT external retinal bands. Subfoveal EZ integrity
seemed to be a predictor of BCVA, as its presence improves 0.37 logMAR comparing to EZ
absence. ONL demonstrated as predictor to anatomical response to HD-PDT. For each increase
of 10 um in ONL, it was demonstrated a 45.7% of chance in anatomical response to treatment. IZ
was the retinal layer biomarker that was proved to improve functional result to ERM submitted

to pars plana vitrectomy in ERM, as baseline BCVA. Subfoveal IZ predicts a BCVA improvement of
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-1.10 logMAR compared to absence of this layers that that predicts only -0.14 logMAR of BCVA
increase. With a baseline BCVA of 0.20 logMAR it is estimated a final BCVA of 0.03 logMAR

compared to a baseline BCVA of 0.80 logMAR that will predict a final BCVA of 0.29 logMAR.

Conclusion: Retina is a highly complex anatomic structure, organized by layers, each one with
specific function in the light transmission to conversion into a nervous impulse. Retina can be
globally affected even when the diseases seem to affect specific areas. In this project, it was
observed that different pathologies change external retinal bands in different ways. It is
important to remind that a unique biomarker could be reducer and these results should be

integrated in remnant clinical information to improve patient management.
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INTRODUCAO

No processo visual, a retina ocupa um papel fundamental sendo responsavel pela transformacao
de uma onda luminosa num impulso nervoso (fototransducdo). A retina é composta por um
neuroepitélio delicado que compde a parte posterior do globo ocular. A regido central denomina-
se por macula e é responsavel pela visdo central, enquanto a retina periférica é responsavel pela
visdo escotdpica e periférica® As doencas da retina, nomeadamente as doengas que afetam a
macula, sdo uma parte significativa e importante da consulta de oftalmologia. A patologia macular
é diversificada com diferentes processos fisiopatoldgicos que levam a formas diferentes de perda
da visdo central. Perceber como as diferentes patologias interferem com a anatomia e
fisiopatologia retiniana é fundamental para podermos diagnosticar e tratar adequadamente estas
doencas e para avaliarmos possibilidades de evoluir no tratamento das mesmas. Com o
aparecimento de novas tecnologias de imagem nomeadamente a tomografia de coeréncia ética
de dominio espectral (SD-OCT) é possivel avaliar a retina com um detalhe ao nivel “histolégico”,
in vivo, de uma forma ndo invasiva. Assim, é cada vez mais importante direcionarmos os

tratamentos mais adequados, quer no timing quer nas carateristicas fisiopatoldgicas.

A retina externa é o local onde ocorre a fototransducdo. A sua organizacdo em camadas é
complexa: alteracdes na sua morfologia levam frequentemente a perda da funcdo visual. No
entanto, a forma como as diferentes patologias afetam a retina externa varia e
conseqguentemente as suas repercussdes na visdo também serdo diferentes. Pretendo, com esta
tese, avaliar a forma como diferentes patologias retinianas interferem com a retina externa ao
nivel da estrutura retiniana e da acuidade visual usando como modelo trés doengas retinianas
com processos fisiopatoldgicos muito diferentes: uma como patologia primaria dos
fotorreceptores; outra em que patologia surge em alteragdes na transicdo entre a retina e
coroideia; e, finalmente uma em que a patologia se inicia na retina interna, mais precisamente
na interface vitreo retiniana. Essas doencas sdo a respetivamente a retinopatia pigmentar (RP), a

retinopatia serosa central (RSC) crénica e a membrana epirretiniana (MER).
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RETINA

A retina é um tecido transparente e delicado composta por 10 camadas, com espessura maxima
(aproximadamente 0.55 mm) na margem foveal e espessura minima (cerca de 0.13 mm) no
umbo, estando firmemente aderente ao nervo ético e a ora serrata. 3 E uma estrutura altamente
complexa, organizada por camadas, cada uma com uma funcdo especifica na transformacéo do
estimulo luminoso em um impulso nervoso. A periferia da retina é responsavel pela visdo
periférica e escotépica, menos detalhada; a regido central é composta pela macula e polo
posterior, sendo responsavel pela visio mais pormenorizada e pela percecdo cromatica.! O
suprimento sanguinea da metade interna é funcdo da artéria central da retina, dividida em tronco
superior e inferior a partir do nervo 6tico. Cada tronco é dividido em ramos nasal e temporal. A
vascularizac3o venosa tem a mesma distribuicdo que a arterial.? Os capilares retinianos sdo
responsaveis pela vascularizacdo dos 2/3 internos da retina, sendo o 1/3 externo vascularizado

pela coriocapilar.?

MACULA

A macula (figura 1) corresponde a area central da retina, mede cerca de 5.5 mm de didmetro,
localizando-se entre o disco e as arcadas vasculares temporais.! Compreende cerca de metade
das células ganglionares da retina e contém carotenoides oxigenados, em particular a luteina e a
zeaxantina que contribuem para a sua coloracdo amarelada.! A regido de 1.5 mm centrais da
méacula denomina-se févea, e é responsavel pela estereopsia e a visdo cromatica.? Apresenta um
declive na sua margem conhecida como fovéola, correspondente a 0.35 mm de didmetro onde
0s cones sdo mais alongados e em maior quantidade.! Os 150 pm centrais denominam-se de
umbo.! Em redor da fovea, existem anéis concéntricos denominados de perifévea e parafévea.’
A drea da fovea que ndo contém vasos denomina-se zona avascular foveal (ZAF), referéncia

importante na angiografia fluoresceinica (AF) e angiografia por OCT.?
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Figura 1: Imagem do pdlo posterior. a—umbo; circulos do interior para o exterior: foveola; fovea; parafévea; perifovea.l

As camadas da retina podem ser vistas em corte transversal em preparagdes histoldgicas.

Classicamente, a histologia da retina esta descrita em 10 camadas — figura 2.

Estdo ordenadas da retina externa (desde a coroide) para a interna (adjacente ao vitreo):

1) Epitélio Pigmentar da Retina (EPR)

a) Membrana de Bruch

2) Segmento Externo dos Fotorrecetores

3) Segmento Interno dos Fotorrecetores

a) Membrana Limitante Externa (MLE)

4) Camada Nuclear Externa (CNE)

5) Camada Plexiforme Externa (CPE)

a) Membrana Limitante Média (MLM)

6) Camada Nuclear Interna (CNI)

7) Camada Plexiforme Interna (CPI)

8) Camada de Células Ganglionares (CCG)

9) Camadas de Fibras Nervosas Retina (CFNR)

10) Membrana Limitante Interna (MLI)

KEISSY JOSELIN DE JESUS SOUSA 31



TOMOGRAFIA DE COERENCIA OTICA: IMPLICAGOES DA INTEGRIDADE DAS BANDAS EXTERNAS DA RETINA NO PROGNOSTICO DAS DOENGAS MACULARES

Figura 2: Imagem de corte histoldgico transversal da retina e cordide.t

ILM

A Choroid

Imagem A: Corte histoldgico transversal da retina e cordide. A = Camada de fibras nervosas; B = Camadas de Células
Ganglionares; C = Camada Plexiforme Interna; D = Camada Nuclear Interna; E = Camada Plexiforme Externa; F =
Camada Nuclear Externa; G = Segmentos Externos dos Fotorrecetores; H = Epitélio Pigmentar da Retina. Imagem B:
Na fovea, a camada das células internas deslocam-se perifericamente e observa-se um aumento da densidade do
pigmento do epitélio pigmentar da retina. GCL = Camada de Células Ganglionares; INL = Camada Nuclear Interna; IPL
= Camada Plexiforme Interna; IS = Segmento Interno dos Fotorrecetores; ONL = Camada Nuclear Externa; OPL =

Camada Plexiforme Externa; OS = Segmento Externo dos Fotorrecetores; RPE = Epitélio Pigmentar da Retina
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O sangue entra na coroide pelas artérias ciliares posteriores.! Os vasos mais externos, de grande
calibre, denominada camada de Haller, ¢ relativamente espessa.! Estes vasos dividem-se em
vasos de menor calibre e nas arteriolas pré capilares, denominada como camada de Sattler.? Estes
vasos reduzem a press3o arterial para a irrigacdo retiniana.! Entre os vasos da cordide estdo
tecido conjuntivo laxo, fibroblastos e melandcitos.! A coroide tem uma espessura maxima
posterior (0.22 mm) e torna-se progressivamente mais fina, com o minimo de 0.1 mm na regido
da ora serrata.! Apds passar na coriocapilar o sangue entra nas vénulas que coalescem com os
canais coletores das veias vortex.* A maioria dos olhos contém 4-5 veias vortex que saem do olho
na regido posterior ao equador.! Estas drenam para a veia oftdlmica superior e inferior.> A retina
contém uma das maiores taxas metabdlicas do organismo que é suprida pela coroide cujo fluxo
sanguineo é o maior de todos os tecidos.! O sangue venoso que sai da coroide tem ainda uma
elevada tensdo de oxigénio.! As células do EPR suprajacentes a coriocapilar est3o expostas a esta
tens3o, aumentando o risco de dano oxidativo.! A rapidez do fluxo coroideu atua como dissipador

de calor para remover a energia da absorc¢do luminosa.?

O EPR é uma monocamada de células pigmentares que mantém a disposicdo da glia milleriana.l
E continua com o epitélio pigmentar do corpo ciliar e iris.* Cada célula do EPR contém um dpex e
uma base, a porcdo apical que engloba os segmentos externos dos fotorrecetores e as suas
vilosidades.! As células do EPR s3o hexagonais, mais altas e densas na regido macular.! A
superficie lateral das células adjacentes estdo ligadas por complexos juncionais (zonulae
occludentes) perto dos dpices, ajudando na formagdo da barreira hematorretiniana.* As funcdes
do EPR incluem: absorcdo da luz, fagocitose dos segmentos externos dos cones e bastonetes,
metabolismo dos acidos gordos polinsaturados e da retina formando a barreira hematorretiniana

externa.l

Internamente ao EPR encontram-se os segmentos externos dos fotorrecetores e externamente

ao EPR encontram-se a membrana de Bruch e a coroide — figura 3.1
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As células do EPR contém elevado numero de melanossomas com fun¢do da absorcdo da luz, de
acordo com a distribuicdo de melanina.! A funcdo fagocitica do EPR leva a uma continua ingesto
de membranas que extravasam dos segmentos externos dos fotorrecetores, através dos
lisossomas, e posterior renovacdo dos mesmos. Esta funcdo respeita um ritmo circadiano.! Os
pigmentos visuais contém 11-cis-retinaldeido que é convertido para 11-trans-retinaldeido. A
maioria dos passos da regeneracdo da configuracdo 11-cis ocorrem no EPR. Diversas alteracdes
patologicas como defeitos genéticos, farmacos, défice nutricional (vitamina A) ou idade podem
alterar o processo de fagocitose e renovacdo dos fotorrecetores.® A separacio fisica da retina
com o EPR (como nos casos em que ha presenca de fluido subrretiniano) altera também este
processo metabdlico. A funcdo de barreira do EPR evita a difusdo de metabolitos entre a coroide
e 0 espaco subrretiniano.? Assim, o ambiente dos fotorrecetores é altamente regulado pelas
propriedades do transporte seletivo do EPR. Este tem uma capacidade elevada de transporte de
fluido, o que evita a sua acumulacdo no espaco subrretiniano em condi¢es normais.! Estas
propriedades de desidratacdo do espaco subrretiniano também modelam as conexdes entre os
fotorrecetores e ajudam na ligacdo ao espaco neurossensorial da retina. Assim, com a
deterioracdo do EPR, ha uma correspondente atrofia dos fotorrecetores suprajacentes e da

coriocapilar subjacente.?

A membrana de Bruch, na porcdo basal do EPR, contém 4-5 camadas que incluem: membrana
basal do EPR, porc¢do interna de colagénio, camada média de fibras eldsticas, por¢do externa de
colagénio, membrana basal do endotélio da coriocapilar.® Ao longo da vida, lipidos e material

oxidado armazenam-se na membrana de Bruch.!
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Figura 3: Relagdo do epitélio pigmentar da retina com os fotorrecetores, a membrana de Bruch e a coriocapilar.>

Photoreceptor outer segments

Apical processes

r—Retinal pigment epithelium

~Bruch membrane

r~Choriocapillaris

Observa-se a interdigitacdo dos processos apicais do epitélio pigmentar da retina (EPR) com os segmentos externos

dos fotorrecetores. A membrana de Bruch separa o EPR da coriocapilar.

Quando existe um estimulo visual na retina periférica, hd um foco automatico no centro do olhar.®

A luz atravessa todas as camadas da retina até aos fotorrecetores.* A densidade e a localizacdo
dos mesmos varia de acordo com a sua localizacdo topogréfica.l A regido central com maior
acuidade visual é conhecida pela févea.® No centro da retina, a depressdo foveal contém maior
densidade de fotorrecetores dos cones (cerca de 90% dos existentes na retina) e processos das

células de Muller e ndo existem bastonetes.™®

Os fotorrecetores sdo células altamente polarizadas, alongadas que podem ser descritas em
quatro compartimentos subcelulares: segmento externo, segmento interno, nuicleo e terminal
sinatico.” O segmento externo é o local onde os fotdes s3o capturados e se inicia a cascata da
fototransducdo.” O segmento interno é responsavel pela sintese celular proteica (aparelho de
Golgi e reticulo endopldsmatico) e os processos metabdlicos (mitocdndria). 7 As moléculas
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sensiveis a luz derivam da vitamina A contida nas membranas discais dos segmentos externos dos
fotorrecetores. Os discos estdo anexados a processos ciliares fixados através dos neurotubulos
da elipsoide e mioide dos segmentos internos. A elipsoide, adjacente ao processo ciliar contém
mitocondrias responsaveis pelo formato de cone. As mitocondrias, os processos ciliares e os
discos internos formam um conjunto denominado de zona elipsoide (ZE). A mioide encontra-se

mais proxima ao nucleo dos fotorrecetores e contém o reticulo endoplasmatico. !

O sinal luminoso é transmitido passivamente pelo axénio do fotorrecetor (75 um de
comprimento) até os terminais sindpticos na CPE.” A estrutura dos terminais dos fotorrecetores
sdo Unicos no sistema nervoso, através de uma estrutura altamente especializada — sinapse fita
(ribbon)— que facilita a libertacdo de neurotransmissores excitatorios de glutamato aos neurénios
de 22 ordem (células bipolares e horizontais).” A cascata de fototransducdo é um processo
metabolicamente muito ativo.® A luz ativa a rodopsina e eleva os niveis de monofosfato ciclico de
guanosina (GMPc) para ser desativada via transducina pela porg¢do catalitica da fosfodiesterase
(PDE), o que leva ao encerramento dos canais de voltagem idnico de GMPc e consequente
hiperpolarizacdo dos fotorrecetores. A rodopsina é desativada através da fosforilacdo e ligacdo a
proteina arrestina. A fosforilagdo é mediada pela rodopsina-quinase, que é regulada pela
recoverina. Quando os niveis de Ca**diminuem, a recoverina dissocia-se da rodopsina-kinase
encerrando os canais de voltagem idnico de GMPc. A arrestina liga-se a rodopsina fosforilada,
completando o processo. Os niveis de GMPc restabelecem-se através da desativacdo da
transducina, pela atividade intrinseca da GTPase. A atividade da fosfodiesterase reduz e a
atividade do guanilato ciclase aumenta, permitindo o aumento dos niveis de GMPc e a reabertura

dos seus canais de voltagem i6nico.”

Os cones realizam sinapse com as células bipolares midget numa ligacdo 1-1. Outros tipo de
células bipolares também podem realizar sinapse com os cones.! Pelo contrario, fora da fovea,

multiplos bastonetes podem fazer sinapse com uma célula bipolar. As células bipolares sdo os
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primeiros neurdnios da via visual, fazem sinapse com as células ganglionares, os segundos
neurdnios da via visual na CPI.1 As células ganglionares recebem estimulos da células bipolares e
amdcrinas e desenvolvem potenciais de a¢do que sdo enviados ao cérebro.! As células amdcrinas
localizadas na CNI auxiliam na resposta a altera¢des especificas do estimulo como as alteraces
de luminosidade.? As células horizontais localizam-se na regido externa da CNl e CPE.%® A camada
de fibras nervosas, axdnios das células ganglionares, percorrem a porc¢ao interna da retina até ao
nervo 6tico, formando o trato ético.? A MLI formada pela base das células de Muller estd
conectada & hialoideia posterior.! A MLM e a MLE n3o s3o verdadeiras membranas mas
complexos juncionais entre as camadas. As células de Muller, cujos nucleos se localizam na CNI
percorrem todas as camadas da retina. O 1/3 interno da CPE contém desmossomas que conectam
com as fibras internas dos fotorrecetores e os processos das células bipolares, formando a MLM,
observével na tomografia de coeréncia 6tica (OCT, do inglés Ocular Coherence Tomography).t A
porcdo externa das células de Muller e os fotorrecetores formam a MLE, estrutura também
observavel no OCT— figura 3. A tabela 1 resume a correspondéncia das camadas celulares e

sinapses da retina.

Tabela 1: Correspondéncia das camadas celulares e sinapticas da retina®

Camada Nuclear Externa Fotorrecetores, bastonetes e cones

Camada Plexiforme Externa Conexdo de fotorrecetores com células
horizontais e bipolares

Camada Nuclear Interna Células horizontais, células bipolares, células
amacrinas e células de Mdller

Camada Plexiforme Interna Conexdo de células bipolares com células
amacrinas e células ganglionares

Camada de Células Ganglionares Células ganglionares, células amacrinas
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Figura 4: Esquema das conexées neuronais da retina.?

Internal

limiting

membrane
Ganglion (ILM)

Amacrine cell

cell

\
e —
———] ] ——
o——————)
Bipolar Inner
' cell nuclear
O Horizontal layer
cell
——

i . SIS SRR {15 To |
limiting
membrane
(MLM)

=== External
limiting
membrane
(XLM)

Mduller
fiber

(glia)

Cone

i
Rl
T, —<0>K

)
(o]
Q

TOMOGRAFIA DE COERENCIA OTICA

O OCT é atualmente uma das ferramentas mais utilizadas na consulta de oftalmologia. E um
método ndo-invasivo que nos permite aceder a uma imagem detalhada e de alta resolucdo das

estruturas oculares in vivo e microvasculatura associada.®% A correspondéncia das camadas
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histoldgicas com a imagem no OCT é evidente a vista desarmada, no entanto a sua

correspondéncia n3o é perfeita apresentando algumas limitagdes.** 3

A tecnologia de OCT é baseada no principio de interferometria de baixa-coeréncia
(interferometro de Michelson), onde um feixe luminoso é direcionado ao tecido-alvo e a luz
refletida combina-se com um segundo feixe de referéncia. O resultado dos padrdes de
interferéncia é usado na reconstrucdo de um A-scan axial que representa as propriedades do
tecido ao longo do feixe irradiado. Movendo o feixe de luz ao longo dos tecidos, resulta na
combinacdo de vdérios A-scan, em que cada um deles é de um diferente ponto de incidéncia. De
todos os A-scan, uma imagem bidimensional é reconstruida, denominada B-scan. Se estes scan-
B forem repetidos em multiplas posicdes adjacentes, pode construir-se uma imagem
tridimensional.® 17 O primeiro equipamento comercializado foi em 1996, com resolucdo de 20
um — dominio temporal (TD, do inglés time-domain) OCT.X% % 18 Mais recentemente, o OCT de
dominio espetral (SD-OCT) utiliza um luz infravermelha com um comprimento de onda de cerca
de 840 nm. Para cada comprimento de onda, a resolucdo axial é dependente de uma fonte de
luz, cuja resolucdo pode chegar aos 2 um. No entanto, esta é limitada pela capacidade do doente
evitar os movimentos oculares, capacidade técnica de ajuste aos movimentos e a capacidade de
tracking do software. A velocidade de scan do SD-OCT é de cerca de 25000 scan-A por segundo,
cerca de 200 vezes mais rapido que os equipamentos iniciais. O OCT Spectralis (Heidelberg
Engineering, Heidelberg, Germany) apresenta uma resolu¢do de 8 um com uma taxa de scanning
de 40 kHz.® ¥ A técnica de aproximagdo do SD-OCT ao olho, melhorando a imagem da coroideia
com perda de resolucagdo das camadas da retina e da cavidade vitrea, é conhecida como EDI (do
inglés Enhanced Depth Imaging). Esta permite uma analise qualitativa e quantitativa da cordide,

obtendo-se uma imagem invertida focada nesta estrutura.?®

Mais recentemente, surgiu uma nova tecnologia denominada de OCT “Swept Source” (SS-OCT)

que também constréi um interferograma descodificado por uma transformacdo de Fourier.?! A
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vantagem relativa ao SD-OCT é a maior sensibilidade e um menor ruido de sinal, principalmente
nas imagens dos tecidos oculares mais profundos, tanto na retina como no nervo 6tico.?t A
velocidade de aquisicdo permite obter 100000 scan-A por segundo, o que permite melhorar a
imagem em doentes com dificuldade de fixacdo.”! A qualidade da imagem dos tecidos mais
externos, por exemplo da cordide, é também superior, sem necessidade de recorrer ao método
EDIL.2* A largura obtida do scan-B é também mais alargado, permitindo a obtenc3o de imagens
até 432 numa so imagem.?! Por uUltimo, o comprimento de onda utilizado é de 1060 nm, cuja
penetracdo nos tecidos oculares profundos esta otimizada, permitindo a visualizacdo da cordide

e esclera e atravessar melhor opacidade de meios (por exemplo, catarata).?*

BANDAS DA RETINA EXTERNA

A tecnologia do OCT tornou possivel a observacdo in vivo da estrutura retiniana a uma escala
microscopica — figura 5. & 1019 2223 Os equipamentos mais avancados permitiram a observac3o
ndo sé das camadas retinianas classicamente descritas na histologia bem como pormenores de
algumas das camadas.'® 3 A CNE foi descrita como a zona hiporrefletiva entre a CPE e a MLE. No
entanto, a espessura relativa desta regido no SD-OCT é superior quando comparada com as
preparacdes histoldgicas, o que se atribui a inclusdo da camada de fibras de Henle na regido mais
interna.’* A zona midide n3o é uma camada distinta no SD-OCT, constituindo uma regido

hiporrefletiva dada a baixa composicdo de mitocéndrias.

Nomeadamente, ao nivel da retina externa é possivel identificar 4 bandas: MLE, ZE, zona de
interdigitacdo (ZI) e EPR bem como a membrana de Bruch e a coriocapilar.1® 2% 2> A MLE é a
primeira e com menor reflexividades das 4 bandas hiperreflexivas.'! Esta localizada na regido de
ligacdo dos corpos celulares (nucleos) e o segmento interno dos fotorreceptores e compreende
complexos juncionais entre as células de Muller e os fotorreceptores. Geralmente é mais fina e
mais hiporrefletiva do que as restantes bandas.®1% 1% 2627 A sya espessura estd alterada devido a

refletividade na aquisicdo da imagem pelo OCT, sendo originalmente menos espessa do que
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projeta na imagem.’® A ZE mostra-se como a segunda banda hiperrefletiva, previamente
denomindas como juncdo dos segmentos interno/externo dos fotorreceptores (IS/0S).*t 28
Atualmente a evidéncia sugere que é formada essencialmente por mitocondrias da camada
elipsoide da porcdo externa dos segmentos internos dos fotorreceptores, ndo sendo uma
estrutura anatémica Unica.’® 28 A sua imagem hiperrefletiva aparenta estar correlacionada com a
presenca de mitocondrias.!* Na fovea normal, a distancia entre a linha ZE a MLE é inferior e
distancia entre a linha ZE e o EPR.2® 2% 27 A sua integridade tem vindo a ser estudada como
marcador de diversas patologias maculares como a degenerescéncia macular da idade (DMI),
doencas inflamatdrias, buraco macular (BM), membrana epirretiniana (MER), descolamento da
retina, telangietasia macular (macTel), oclusdo venosa da retina (OVR) e retinopatia serosa
central (RSC). A ZI corresponde ao contato entre os dpices das células do EPR no segmento
externo dos cones. Existem varios contrasensos respeitante a sua correspondéncia com a
membrana de Verhoeff.2%2” N3o estd ainda claro como é que os complexos juncionais sdo visiveis
como uma membrana no OCT.® Estas regides eram previamente denominadas de COST (do
inglés cone outer segment tips) e ROST (do inglés rod outer segment tips) e muitas vezes nao se
diferenciam do EPR, mesmo em individuos normais.® A quarta banda ¢ formada pelas células do
EPR e da membrana de Briich. Na fovea, esta regido é mais espessa o que pode contribuir para a

hiperrefletividade desta camada nesta area.% 113

O software de analise de imagem presente no OCT Spectralis® tem capacidade de detectar
automaticamente as diferentes camadas retinianas e permite realizar mapas de espessuras
retinianas e comparar automaticamente as variagdes que possam existir ao longo do tempo. No
entanto, algoritmos com capacidade para detectar de uma forma fidedigna a diferenciacdo e
medicdo das diferentes camadas da retina (principalmente as externas) ainda ndo estdo
disponiveis comercialmente para plataformas como o Spectralis® o que faz com que as medicdes

das camadas individuais tenham que ser sempre feitas de um modo manual.
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Figura 5: Imagem de mdcula normal em SD-OCT (Spectralis®, Heidelberg) com a identificagdo das diferentes camadas
da retina.® 13 A vermelho estd indicado o conjunto das bandas externas da retina, correspondente a numeragdo 9-13.
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Este avanco na observacdo das bandas externas, permitiu uma melhor classificacdo das
patologias que afetam a macula (nomeadamente do edema macular diabético, a DMI, OVR,
maculopatia por hidroxicloroquina, RSC, macTel), doencas da interface vitreorretiniana, (como a
tracdo vitreomacular, MER e BM), tumores intraoculares, doencgas heredodegenerativas (doenca
de Stargardt, doenca de Best, maculopatia viteliforme do adulto, retinite pigmentar (RP), distrofia
de cones, retinosquisis) e retinopatia da prematuridade.?® De acordo com a fisiopatologia da
doencga, a correspondéncia no SD-OCT tornou possivel uma observagdo mais precisa acerca da

afetacdo da patologia nas diferentes camadas da retina.

RETINOPATIA PIGMENTAR

Ao longo dos anos, varios termos tém designado a retinopatia pigmentar (RP), incluindo
“degeneracdo tapetorretiniana” (Leber, 1916), “degeneracdo retiniana pigmentar primaria”,
“retinitis pigmentosa” e “distrofia bastonetes-cones”.?* 3% A RP foi definida como um grupo de

alteragBes hereditdrias que envolvem funcdo dos fotorrecetores — primariamente dos bastonetes
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e depois dos cones - e do EPR.Y 3! Posteriormente ird haver afetacdo das camada de fibras
nervosas e consequente atenuacdo dos vasos sanguineos por diminui¢do do fluxo.3! A andlise
molecular ja demonstrou 25 genes especificos (e 1 locus adicional) associados a forma
autossdmica dominante, 55 genes (e 3 locus adicionais) associados a forma autossémica recessiva
isolada, 3 genes (e 3 locus adicionais) na forma ligada ao X e 1 gene para a forma digénica.?’

Foram também encontrados 20 genes (e 4 locus adicionais) associados ao sindrome de Usher.?*

Pode apresentar-se isoladamente (forma tipica) ou em associagdo com patologias sistémicas (RP
sindromica). A perda dos fotorrecetores leva a sintomas como a nictalopia, perda do campo visual
da periferia para o centro, perda da vis3o central, discromatopsia e fotopsias.?> 3° O aspeto
fundoscopico cldssico inclui a atenuacdo dos vasos retinianos, aspeto granulado e mosqueado do
EPR, pigmentacdo intrarretiniana por espiculas Osseas e palidez papilar. Geralmente a
apresentac3o é simétrica e reflete-se nos meios complementares de diagndstico.?® 323> Alguns
doentes apresentam-se sem as carateristicas classicas — RP sine pigmento, setorial ou com outra
patologia retiniana concomitante (ex. alta miopia) ou unilateral.?® As complicacdes do segmento
posterior mais frequentes sdo o edema macular cistdide, buraco macular, membrana
epirretiniana e sinerése vitrea.®® No segmento anterior, observa-se um aumento da prevaléncia
de catarata, sendo subcapsular posterior em 35-51% casos.’®*’ O queratocone e o glaucoma sdo

anomalias oculares que podem estar mais presentes nos doentes com RP.%

O aspeto cldssico do SD-OCT apresenta uma reducdo generalizada da espessura retiniana
podendo estar presentes outras alteracdes como edema macular cistdide® 3%, MER ou fibrose
pré-retiniana. Nos estadios avancados, podem observar-se lesdes maculares atréficas e a
presenca de tubulacdes da retina externa (ORT, do inglés Outer Retinal Tubulations).? 4% 41 A
espessura da coroide através do método EDI, aparentemente ndo se correlaciona com a melhor

acuidade visual corrigida (MAVC) apesar desta se mostrar diminuida em doentes com RP.%

Outros meios complementares de diagndstico que sdo frequentemente utilizados na avaliacdo
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destes doentes sdo a perimetria, o estudo eletrofisioldgico e a autofluorescéncia. 2 #* Battu et al
e Lupo et al encontraram correlacdo entre as alteracdes da espessura retiniana e da retina
externa no SD-OCT com as alteracBes de sensibilidade na microperimetria.?* Aizawa et al
encontrou uma correlacdo independente entre a banda previamente denominada como IS/0S
(atualmente denominada ZE) e a MAVC e a espessura central foveal.2*> A MAVC correlacionou-se
positivamente com a espessura da camada de células ganglionares e camada de fibras nervosas

da retina e peripapilares.36 4344

Relativamente a classificacdo da doenca, ndo existe uma classificacdo consensual, existindo varias
formas de classificacdo tendo em conta as diferentes manifestacGes: hereditariedade, idade de
inicio, defeito molecular, fenétipo. A evolucdo clinica também é varidvel.3° O sinal histoldgico mais
precoce é o encurtamento dos segmentos externos dos bastonetes, que se reflete na reducao
dos nucleos da camada nuclear externa.?® 2> %> 4 Apds a morte dos fotorrecetores, o EPR
demarca-se da membrana de Briich e migra para a retina neurossensorial (espiculas désseas
perivasculares), pelo que o espaco subrretiniano é abolido e a membrana de Brlich torna-se
espessada.?’ 2° Na retina interna as células de Miiller sofrem uma gliose reativa que com o
avancar do tempo levam a fibrose da restante retina.?® Observa-se hiperplasia reativa dos
astrécitos que contribuem para a palidez do nervo 6tico e a formacdo de MER.% As células
ganglionares sofrem dano pela isquemia da retina interna, contribuindo para a palidez do nervo

dtico. Estas alteracBes sdo reproduziveis no OCT. 3645

O diagndstico diferencial prende-se essencialmente com outras patologias hereditarias tais como
as distrofias cone-bastonete, as distrofias de cone, amaurose congénita de Leber, sindrome de
Bardet-Bied| ou patologias que simulam RP tais como algumas doencas inflamatdrias retinianas
(retinopatia da rubéola, sifilis), retinopatia autoimune paraneopldsica ou toxicas. O
acompanhamento clinico destes pacientes inclui a genotipagem e aconselhamento genético.?!

Na maioria dos casos o tratamento é conservador de forma a prever o grau de progressao e
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preparar o doente para a incapacidade visual.?® Podem também ser tratadas as complicacdes
como a catarata ou o edema macular.?> **8 Para a RP de inicio precoce envolvendo o gene
RPEGS5, existem estudos de fase 3 que confirmam a seguranca e eficacia usando a terapia génica
com LUXTURNA™ (voretigene neparvovec, AAV2-hRPE65v2); os doentes mostram aumento da
sensibilidade a luz, do campo visual e da capacidade de orientacdo em condi¢cdes de baixa
luminosidade.®> % Para a RP em estadio terminal, existe a opcdo de préteses retinianas como a
Argus Il Retinal Prosthesis ou Alpha-IMS, aprovada para individuos com > 25 anos com MAVC de

percecdo luminosa ou sem perce¢do luminosa.®°

Em resumo, a RP é uma patologia de afetacdo primaria ao nivel dos fotorrecetores que, com a
sua morte, leva a demarcacdo e migracao de células do EPR e a gliose, hiperplasia e isquemia ao

nivel da retina interna, com consequéncias nefastas ao nivel da funcdo visual.

RETINOPATIA SEROSA CENTRAL

A Retinopatia Serosa Central (RCS) é um sindrome idiopdtico frequente que afeta mais
frequentemente homens entre os 39 e os 51 anos e caraterizada por descolamento seroso da
retina neurossensorial.® > Existem descri¢des da doenca desde 1866, mas foi Gass em 1967 que
descreveu a patogenia atualmente conhecida.’® A patogénese é complexa e multifatorial, no
entanto parece estar relacionada com as areas de exsudacdo focal e multifocal secundarias a
hiperpermeabilidade dos vasos coroideus.® °1°3 A hiperpermeabilidade pode ser devida a estase,
isquemia ou fenémenos inflamatdrios, sendo evidente pela impregnacdo da porgdo interna da
coroide nos tempos intermédios da angiografia com verde de fluoresceina (ICGA) ou pelo

espessamento da coroide no OCT.>>3

Classicamente é classificada na forma aguda ou crdénica. A sua distingdo depende da duragdo da
doenca ou da presenca de alteracdes no EPR.>! A forma aguda geralmente resolve em 3-4 meses,
sem consequéncias graves na funcdo visual, alguns com alteracGes ligeiras da visdo cromatica. A

forma cronica, foi inicialmente descrita por Yannuzi et al em 1992 como “epiteliopatia difusa
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retiniana”, e carateriza-se por focos difusos de atrofia do EPR com diminuicdo da
autofluorescéncia com ou sem fluido subrretiniano (FSR).>! Pode também observar-se o
desenvolvimento de neovascularizacdo coroideia (NVC), descolamentos do EPR (DEP) irregulares
e cavidades cistéides estruturais, principalmente quando a duragdo da doenca é superior a 5

anos.>!

Existem fatores de risco reconhecidos como a personalidade do tipo A ou narcisista, medicacdo
antipsicdtica, stress ou depressdo.” 2 O uso de corticoides em individuos predispostos esta
associada a uma apresentacdo atipica com menor frequéncia do sexo masculino e atingimento
bilateral.®® O aumento do cortisol endégeno como no sindrome de Cushing ou na gravidez
aumentam o risco de RSC.*! Qutros fatores de risco presumiveis incluem hipertensdo arterial
(HTA), apneia obstrutiva de sono, anomalias da coagulacdo e antiagregacdo plaquetaria, refluxo
gastroesofagico (RGE) e infecdo por H. Pylori, tabagismo, consumo de antihistaminicos, alcool,
patologia respiratéria alérgica, inibidores de MEK (do inglés mitogen-activated protein kinase)
utilizados no carcinoma metastético e inibidores de fosfodiesterase-5. Ndo estd claro um padrao
de hereditariedade, no entanto o espessamento da coroide sugerindo a presenca de
paquicoroide esta presente em 50% dos individuos.>* Alguns destes fatores, como a HTA e o RGE,

foram identificados como preditores de pior MAVC apds o tratamento.>

A sintomatologia inclui alteracdo da visdo central, hipermetropizacdo, metamorfopsia, escotoma
central e diminuicdo da visdo de contraste.® >'>2 Geralmente é autolimitada e pode ser recorrente
no mesmo lado ou do adelfo.® E na maioria das vezes uma patologia aguda, mas quando o
descolamento macular é prolongado pode levar a degeneracdo do EPR subfoveal e da retina
neurossensorial com progndstico visual reservado.® O OCT levou a uma maior compreensdo da
patogénese, principalmente através do método EDI, onde se pensa estar relacionado com a
disrupcdo da circulagdo coroideia com descompensacgdo do EPR com subsequente passagem de

fluido para o espaco subrretiniano.® °?
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A forma crénica é geralmente bilateral, e cursa frequentemente com FSR refratario ou
recorrente. Por vezes podem apresentar-se com uma localizagdo extrafoveal. A recorréncia ou
permanéncia do FSR podem levar a altera¢gdes morfoldgicas e fisioldgicas irreversiveis da retina.
Tipicamente ocorrem alteracGes atroficas e disrupcbes do EPR e FSR varidvel. A FA é caraterizada
por exsudac3o difusa do EPR.® Outras carateristicas de cronicidade incluem o atingimento em
doentes com mais de 50 anos, bilateralidade, com maior prevaléncia do sexo feminino e maior

risco de desenvolvimento de NVC.>*

O OCT é util no diagndstico e seguimento pois consegue identificar a presenca e extensdo de FSR
e dos DEP.8 As alteracBes morfoldgicas da citoarquitetura retiniana também est3o patentes.®? As
carateristicas da forma crdnica incluem o desenvolvimento de atrofia e/ou fibrose subfoveal,

8, 55-59

diminuicdo da espessura retiniana (pela diminuicdo da CNE) , alteracGes cistoides

! e aumento da espessura coroideia (EC).? *® Podem observar-se depdsitos

degenerativas® °
amarelados subrretinianos como material altamente refletivo causado pelos segmentos externos
dos fotorrecetores fagocitados.® ®* Quando existe FSR, as alteracdes morfoldgicas incluem o
alongamento dos segmentos externos dos fotorrecetores. A superficie externa da retina mostra
um perfil de desgranulacdo correlacionado com a acumulacdo de fragmentos dos segmentos
externos da retina neurossensorial.® >>>7 O contetdo hiperrefletivo sobre a membrana de Bruch
traduz-se pelo sinal da “dupla camada”.®® O progndstico visual pode estar relacionado com as
alteracdes morfolégicas nas camadas externas da retina observadas no OCT.® Matsumoto et al
correlacionou o progndstico visual com a preservacdo da espessura da CNE e a continuidade de
IS/OS (ZE): a espessura da CNE correlaciona-se positivamente com a MAVC, sendo que a

descontinuidade da ZE foi mais prevalente em doentes com CNE fina e baixa MAVC.® ®! Qutros

autores também consideraram uma maior MAVC com a integridade da ZE e/ou da CNE.>’ 6% 63

Outros meios complementares de diagndstico utilizados incluem a autofluorescéncia, FA, ICGA,

eletrorretinografia multifocal e microperimetria.> O diagndstico diferencial inclui a DMI,
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vasculopatia polipoide da coroide, fosseta 6tica, doencas inflamatdrias ou infeciosas da coroide,

doengas vasculares, autoimunes ou tumores intraoculares.

O tratamento inclui a utilizagdo de terapia fotodindmica (PDT, do inglés PhotoDynamic Therapy)®*
e mais recentemente introduziu-se a utilizacdo dos antagonistas dos mineralocorticdides com
resultados pouco conclusivos.® Outras opcdes de tratamento que tém sido utilizadas com
resultados varidveis incluem as injecGes intravitreas de antiangiogénicos (anti-VEGF) e o laser

51, 53, 64

micropulsado (LMP). Outros tratamentos tém também sido utilizados, sem evidéncia

cientifica do seu beneficio.” %

A PDT é ainda o tratamento gold-standard para o tratamento da RCS.>! O mecanismo de ac¢do da
PDT na RCS leva ao estreitamento da coriocapilar, hipoperfusdo coroideia e remodelacdo vascular
da coroide com consequente diminuicdo da exsudacdo.” %> % O tratamento PDT convencional,
gue inicialmente foi utilizado para tratar neovascularizacdes coroideias, é realizado utilizando
uma dose de 6 mg/m?, administrado durante 10 minutos, seguido do tratamento com o laser com
uma intensidade de 600 mW/cm? e fotossensibilizacdo durante 83 s com um spot num didmetro
1000 pm superior ao diametro da lesdo. No entanto, os efeitos adversos como a possivel perda
de visdo, isquemia coroideia, atrofia do EPR e risco de desenvolvimento de NVC restringiram esta
forma de tratamento. Assim foram iniciadas outras alternativas de tratamento como o
tratamento com dose reduzida (HD-PDT) e com baixa fluéncia (HF-PDT). O HD-PDT baseia-se no
excesso de concentracdo de verteporfina verificada na circulacdo coroideia e nos segmentos
externos da retina apds 10 minutos de infusdo com a terapéutica convencional. Assim, iniciou-se
a realizacdo da terapéutica com 3 mg/ m? durante 10 minutos, seguido da aplicacdo do laser de
689 nm com uma energia total de 50 J/cm2durante 83 s. A taxa de sucesso revelou-se entre 79.5%
e 94.9% com manutencdo até 12 meses apds o tratamento.’? A evolugdo da MAVC é também
positiva.>® %2 Os melhores resultados est3o associados a auséncia de DEP, duracdo da patologia

inferior a 6 meses e idade inferior a 45 anos. O HF-PDT utiliza uma dose de 6 mg/ m?, mas metade
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da energia total - 25 J/cm? - durante 83 s. Os resultados sdo também benéficos com menores

efeitos adversos.>% %3 67

O tratamento com LMP é uma alternativa recente no tratamento da RCS.>* Teoricamente atua
destruindo seletivamente os melanossomas do EPR em pulsos de microssegundos ou
nanossegundos.®” 8 Os fotorrecetores e a membrana de Bruch sdo poupados com este
tratamento e as células do EPR em redor da area lesada migram para a area submetida a laser de
modo a preencher a zona danificada.®® Pensa-se que este processo poderd melhorar os
complexos juncionais e a funcdo de bombeamento no EPR e ativa a matriz da enzima
metaloproteinase da membrana de Bruch.®® A acdo térmica do laser funciona acima do limiar de
tratamento e abaixo do limiar de dano.® As potenciais vantagens deste tratamento sdo: 1)
utilizacdo de um spot de alta densidade de modo a intensificar a resposta terapéutica; 2)
capacidade de tratamento na area foveal; 3) possibilidade de retratamento; 4) preservacdo ou
melhoria da visdo cromética e sensibilidade ao contraste;®® 5) disponibilidade permanente do
equipamento. A metodologia e resultados publicados do LMP s3o muito heterogéneos > %8 —
alguns sdo retrospetivos e outros prospetivos, envolvem o comprimento de onda de 577, 689 ou
810 nm, tamanho do spot varidvel, duty-cycle entre 5 e 15%, poténcia entre 30-50% e também
s30 utilizados na forma aguda ou crénica da RCS.%% % Os pardmetros mais amplamente utilizados
s30 a andlise da MAVC, a espessura central média da févea (ECM) e o FSR.% 7% Os resultados sdo
geralmente modestos, com manutencdo ou melhoria de 2-3 linhas da MAVC e uma diminuicdo
da ECM de cerca de 70-90 um as 4 semanas de tratamento.% % 7173 A maijor desvantagem é o
possibilidade de tratamento ineficaz, no entanto nao se verificaram danos retinianos na maioria
dos dados publicados.®® % 72 O estudo PLACE trial comparou o tratamento de LMP com HD-PDT,
demonstrando resultados superiores e mais rapidos no tratamento gold-standard.”* Outros
estudos comparativos mostraram resultados semelhantes.” 7477 A utilizacdo do comprimento de

onda com 532 nm tem apenas um artigo publicado na RCS aguda.’®
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A RCS é uma patologia com patogenia complexa, em gue o mecanismo de hiperpermeabilidade
dos vasos coroideus e a disrupcdo do EPR leva a passagem de FSR com consequéncias que podem

levar a danos permanentes da fungado visual.

MEMBRANA EPIRRETINIANA

A membrana epirretiniana (MER) é também denominada por fibroplasia premacular, pucker
macular, maculopatia em celofane e gliose premacular.”” & Geralmente ocorre apds o
descolamento parcial ou total da hialoide posterior, com aparecimento de uma membrana
fibrocelular translucente na superficie interna da retina.®! A hialoide posterior anémala leva a
separacdo da lamela cortical vitrea podendo deixar uma membrana celular residual sobre a
superficie da retina que prolifera e contrai, resultando na MER. Estas altera¢des levam a varios
graus de distorc3o, edema intrarretiniano e degeneracdo da retina subjacente.® As MER sdo
compostas maioritariamente por células da retina glial acesséria, astrocitos fibrosos e células de
Miller.®? Estes componentes s3o provavelmente secundarios a migracdo da retina
neurossensorial através de pequenos defeitos da MLI ou da esquisis vitrea com proliferacdo das
células gliais e dos hialécitos, ou a transdugdo de sinais de diferentes moléculas com

diferenciacdo de células gliais em fibroblastos.®?

Ocorre em cerca de 6% da populacdo acima dos 60 anos e a incidéncia aumenta com a idade.® 7
80,83 Os estudos de Beaver Dam Eye Study e o Blue Mountains Eye Study demonstraram uma
prevaléncia de 7-11.8% com uma incidéncia aos 5 anos de 5.3%.7% 8838 S50 bilaterais em 19.5-
31% com uma incidéncia aos 5 anos do olho adelfo de 13.4%. /> #%°S30 mais frequentes no sexo
feminino e classificadas em primadrias ou idiopaticas e secunddrias.® 7> & Pensa-se que as
idiopaticas sdo o resultado da proliferacdo fibroglial da superficie interna da retina, resultante da
quebra da membrana limitante interna decorrente do descolamento posterior do vitreo,
presente em 60-90%.% 7° As secundarias resultam da coexisténcia de patologias oculares como a

oclusdo venosa retiniana, retinopatia diabética, uveite e rasgaduras retinianas.®
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Histologicamente s3o compostas por células gliais, células do EPR e miofibroblastos.® & 8 Nas

MER idiopaticas, os lamindcitos sdo as células com maior representac3o.®% 8

Podem ser assintomaticas ou associar-se a metamorfopsias e perda de visdo central.”® 8 A perda
da visdo central ocorre principalmente devido ao envolvimento da févea por distor¢cdo das
camadas da retina, espessamento retiniano e alteracdes cistdides intrarretinianas.” 8’ Apesar do
processo patoldgico primdrio ocorrer ao nivel da retina interna, quando ocorrem sintomas visuais

o OCT demonstra frequentemente alteracdes nas bandas da retina externa.

Pode também haver diminui¢do da sensibilidade ao contraste e da estereopsia.’ ° A progressdo
é varidvel mas geralmente é lenta (podendo também deixar de progredir), com um aumento de
25% da drea de atingimento em 28.6% dos doentes aos 5 anos.” 8 & Na fundoscopia observa-
se um glistening macular na superficie retiniana. Gass classificou-as em 3 graus de acordo com o
aspeto fundoscopico e a sintomatologia associada.’”® 8 As MER mais densas podem assemelhar-
se a uma folha acinzentada na superficie retiniana com distorc3o da arquitetura vascular.® Dada
a forca tangencial, pode associar-se a pseudoburacos, buracos lamelares ou maculares

completos.”®

A FA mostra uma exsudag¢do macular varidvel, sendo util na suspeita de alguma patologia
retiniana concomitante.’”® 8 O OCT fornece uma imagem quantitativa e qualitativa da anatomia
macular, tendo sido util no conhecimento do comportamento desta doenca.® ”° A MER
apresenta-se como uma imagem hiperrefletiva na superficie retiniana.® ”® Secundariamente
existe perda da depressdo foveal, aumento da espessura retiniana e a presenca de alteragdes
cistoides.® 7% 8 Nas MER idiopaticas a ades3o vitreomacular é mais difusa e nas MER secundarias
é mais focal.” O SD-OCT permitiu demonstrar o espessamento da retina externa, aumento da
espessura foveal central, disrupcdo de IS/OS e da zona COST.? 798893 A autofluorescéncia foi

também utilizada para avaliar o valor preditivo na cirurgia de MER.**

KEISSY JOSELIN DE JESUS SOUSA 51



TOMOGRAFIA DE COERENCIA OTICA: IMPLICAGOES DA INTEGRIDADE DAS BANDAS EXTERNAS DA RETINA NO PROGNOSTICO DAS DOENGAS MACULARES

O tratamento é cirdrgico através de vitretomia via pars plana (VPP) baseado na MAVC e na
presenca de metamorfopsias e/ou diplopia.”® # Com uma evolucdo habitualmente indolente, a
decisdo cirlrgica é multifatorial e deve ser bem ponderada. E controversa a VPP com pelagem da
MER associada ou n3o a pelagem da membrana limitante interna.®>°® A melhoria da vissoem 1 a
2 linhas estd descrita em 60-85% aos 6-12 meses, em que 44-55% atinge um resultado igual ou
superior a 20/50.7% 80 99102 Re|ativamente as camadas da retina, estd descrita a diminuic3o da

ECM e da retina interna e melhoria da retina externa.8® 103-106

Apesar da melhoria ser superior quando a AV é mais baixa, uma melhor MAVC estd associada a
uma maior MAVC final.”® %7 Qutros fatores de melhor prognostico descritos sdo a integridade de
IS/OS, grau de metamorfopsia, integridade de COST e alteracdes na autofluorescéncia.?> 7 80 9L
99,101,103, 108-111  Racentemente, Zur et al. descreveu a importancia da desorganizac3o da retina

interna (DRIL) como um biomarcador importante para a cirurgia de MER.?

Sendo a MER uma patologia da interface retiniana com o aparecimento de uma membrana
fibrocelular translucente na superficie da retina, a distor¢cdo pode envolver todas as camadas da
retina, desde a interna até a externa. Os graus de atingimento das bandas da retina externa tém

uma grande importancia no resultado visual final.

Tendo em conta que os processos fisiopatoldgicos destas trés doencgas sdo muito diferentes, é
importante percebermos como as bandas da retina externa sdo afetadas e podem ter um papel

progndstico nas trés patologias.
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Sdo diversas as questles relacionadas com os aspetos morfolégicos do OCT e como estas
permitem avaliar o prognostico visual nas diferentes patologias retinianas. A proposta deste
projeto baseou-se no sentido de ajudar a elucidar algumas delas. Assim, o objetivo é utilizar o
OCT para compreender como diferentes patologias maculares afetam as bandas mais externas
da retina e qual a implicacdo dessas alteracGes na fungdo visual e no progndstico dos doentes.
Pretende-se compreender como diferentes processos fisiopatoldgicos afetam zonas estruturais
distintas da regido macular nomeadamente as bandas da retina externa que sdo as
representacdes anatdmicas da estrutura dos fotorreceptores. As patologias alvo de investigacdo
— RP, RCS e MER — possuem mecanismos fisiopatoldgicos, histéria natural, clinica e tratamentos
diversos. Como descrito anteriormente, a MER é uma patologia da retina interna em que forgas
tracionais distorcem a retina; a RP é uma doenca degenerativa dos fotorrecetores; a RSC é uma
doenca do complexo EPR, coriocapilar e coroide. Por outro lado, sendo o OCT uma das
ferramentas mais utilizadas atualmente no circuito regular da consulta de oftalmologia, faz

sentido poder estudar as vantagens no beneficio dos tratamentos e seguimento dos doentes.

1. Avaliar o OCT como ferramenta progndstica na RP.
a. Avaliacdo das bandas externas da retina como fator de progndstico na acuidade
visual nos doentes com RP.
b. Avaliar a simetria na afetacdo das bandas externas da retina nos doentes com
RP.
2. Avaliar o OCT como ferramenta progndstica na RCS.
a. Avaliacdo das bandas externas da retina como fator de progndstico na resposta
anatémica apds tratamento com HD-PDT.
b. O tratamento com LMP com 532 nm.
3. Avaliar o OCT como ferramenta prognéstica nos doentes com MER.
a. Avaliacdo das bandas externas da retina como fator de progndstico nos doentes

submetidos a VPP por MER.
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O projeto foi submetido e aprovado pela Comissdo de Etica para a Saude do Hospital de Braga
(CESHB). Todos os trabalhos foram realizados de acordo com a Declaragdo de Helsinquia (com as
emendas de Téquio 1975, Veneza 1983, Hong-Kong 1989, Somerset West 1996, Edimburgo 2000,
Washington 2002, Téquio 2004 e Seul 2008), da Diretiva 95/46/EC do Parlamento Europeu e do
Conselho, das Diretrizes Sobre as Boas Praticas Clinicas da EMEA — Agéncia Europeia do
Medicamento (Londres 2000), das Diretrizes Eticas Internacionais para a Pesquisa Envolvendo
Seres Humanos da Organizacdo Mundial de Salude (Genebra 2002), das Diretrizes Eticas
Internacionais para os Estudos Epidemiolégicos do Conselho de Organizacdes Internacionais de
Ciéncias Médicas (Genebra 2009) e da Resolucdo da Assembleia da Republica n.21/2001. Foi
também preservado o anonimato dos participantes e a inexisténcia de quaisquer conflitos de
interesse durante toda a elaboracdo do projeto, ja que todos os trabalhos realizados foram de

natureza retrospetivos. —anexo |.
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Abstract

Purpose To evaluate the integrity of the outer retinal layers—outer nuclear layer (ONL), external limiting membrane (ELM),
ellipsoid (EZ), and interdigitation band (IZ)—using spectral-domain optical coherence tomography and estimate their effect on
visual acuity in retinitis pigmentosa (RP).

Methods A cross-sectional study was performed in the Ophthalmology Department of Hospital de Braga, Portugal. Patients with
RP followed in the Hospital de Braga during January to August 2017 were included. Exclusion criteria were lack of data, macular
edema due to RP, and concomitant retinal, optic nerve, or corneal disease that could interfere with visual acuity. Age, sex, time
from diagnosis, phakic status, ONL thickness, and presence or absence of foveal ELM, EZ, and IZ were correlated to the best-
corrected visual acuity (BCVA).

Results Forty-eight eyes were analyzed. There was a strong and positive correlation in BCVA between both eyes (p <.001%).
ONL thickness was decreased in 95.8%. The EZ was the most absent layer (79.2%), followed by I1Z (70.8%) and ELM (45.8%).
A positive family history (p =.04*) and increased time from diagnosis (p =.037*) correlated with worse BCVA. A thicker ONL
(p=.001%*) and the presence of subfoveal ELM (p <.001%*), EZ (p <.001%*), and IZ (p =.02%*) are correlated with better BCVA.
There was a strong and positive correlation between the number of layers affected and a lower BCVA (p <.001). The presence of
EZ was a significant predictor of BCVA (p =.02%).

Conclusions The status of the outer retinal layers seems to influence BCVA. The status of the EZ was the most important
predictor of BCVA but the ONL, ELM, and I1Z may have a cumulative effect in the progression of visual loss.

Keywords Retinitis pigmentosa - SD-OCT - Outer nuclear layer - External limiting membrane - Ellipsoid band - Interdigitation
band

Introduction This family of diseases is characterized by progressive degen-

cration of the retinal pigment epithelium (RPE), apoptosis of
Retinitis pigmentosa (RP) refers to a wide and heterogeneous the photoreceptors, attenuation of the retinal vessels, sclerosis,
group of inherited retinal diseases, being one of the causes of  and atrophy of the choriocapillaris [5-9]. These alterations are
acquired irreversible blindness in developed countries [1-4].  responsible for the early onset of nyctalopia, progressive
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peripheral visual field loss, and gradual deterioration of central
visual acuity that characterize RP [10]. Although the diagnosis
of RP can be made based on clinical presentation, different
ancillary tests such as visual fields, wide-field autofluores-
cence, electroretinography, and genetic investigation have
been used to document the clinical evolution of this condition
[2, 4, 10].

Spectral-domain optical coherence tomography (SD-OCT)
is a non-invasive tool, sensitive and indispensable for observ-
ing the microstructures of the outer retinal layers [8, 11, 12].
On macular SD-OCT, RP is characterized by alterations of the
photoreceptors inner/outer segment (IS/OS) junction and the
external limiting membrane (ELM) [4]. Using time-domain
OCT, the length or the presence of the ellipsoid band (EZ)
(previously known as the IS/OS line) was significantly corre-
lated with visual acuity in RP [13, 14]. The outer nuclear layer
(ONL) contains the photoreceptor cell bodies, which because
of their direct relationship to visual function are a critical bio-
marker of macular diseases [15]. Menghini et al. correlated the
diminished ONL thickness and low cone density in RP.
However, only 12 eyes with RP were included and the ONL
measurements were perifoveal [16]. Matsuo et al. described an
association with a poor visual outcome when the surface of
nerve fiber layer, the inner plexiform layer, and the outer plex-
iform layer were affected in the disease process. However,
these authors did not address how the changes in the different
outer retinal layers may affect the visual function in this dis-
ease. It is known for several macular diseases that the status of
the outer retinal layers may have a strong correlation with
visual acuity [8]. Even though the defects of the outer retinal
layers can be identified on SD-OCT (outer nuclear layer
(ONL), external limiting membrane (ELM), ellipsoid (EZ),
and interdigitation bands (1Z)), their relationship to visual acu-
ity still needs to be further evaluated in RP. The main objec-
tives of this study are to evaluate the changes of the outer
retinal layers in RP and to investigate its potential repercus-
sions on visual acuity.

Methods

This cross-sectional study was conducted at the
Ophthalmology Department of Hospital de Braga, Portugal,
and was approved by the institutional review committee and
adhered to the tenets of the Declaration of Helsinki. An
anonymized extraction of medical records and SD-OCT of
patients with retinitis pigmentosa who presented between
January and August 2017 were evaluated. All participants
underwent a comprehensive non-invasive eye exam per-
formed at the Ophthalmology Department of Hospital de
Braga. Date of diagnosis, familiar RP affection, age, and gen-
der were registered. Examination included best-corrected vi-
sual acuity (BCVA) using decimal scale charts that was later

@ Springer

converted to the logarithm of the minimum angle of resolution
(logMAR), slit-lamp biomicroscopy, and a dilated fundus ex-
amination. The diagnosis of RP was made clinically from
funduscopic examination. All patients performed funduscopic
examination, retinography, and SD-OCT. Inclusion criteria
included a diagnosis of RP and clear media to allow for opti-
mal OCT examination. This included pseudophakic patients
as many patients with RP develop early posterior subcapsular
cataract and had been submitted to cataract surgery [17].
Patients with macular edema associated with the RP were
excluded. Other exclusion criteria included patients with cat-
aract, vitreous opacities, poor image quality or any other ret-
inal, and optic nerve or cornea pathology as lack of data to
continue the study.

Spectralis SD-OCT (Heidelberg Engineering, Heidelberg,
Germany) was used to measure retinal thickness and evalu-
ate the outer retinal bands. The technique consisted in
obtaining a macular square (20 x 20°), centered on the fovea,
composed of 25 horizontal and vertical B-scans, and spaced
at 240 um. Two high-quality, horizontal and vertical line
scans centered on the fovea were obtained for each eye.
The presumed foveal center was determined as the area lack-
ing the inner retinal layers in the macular region. If any
disruption of any nature of the subfoveal ELM, EZ, and 1Z
was observed, the external retinal layer affected was classi-
fied as absent while a complete integrity was considered as
present. The ONL thickness was measured manually on the
most hyporreflective external layer at the central fovea. It
was considered normal if its foveal thickness was 82.5 +
11.1 pm [18] and abnormal if thinner. Two of the authors
(KS and TF), who were unaware of the patients’ clinical
information, performed all of the measurements. When the
two readers had different interpretations, a discussion was
carried out to reach a conclusion and the senior author
(MF) also gave his interpretation, if necessary.

Data was gathered in MO Excel and exported to IBM
SPSS Statistics (v.24) for statistical analysis purposes.
Visual acuity was converted to the logarithm of minimum
angle of resolution (logMAR) units for statistical analyses
[19]. Hand movement, light perception, and no light percep-
tion were classified as + 2, + 3 and + 4, respectively [20-22];
tables and figures were used to summarize data as appropri-
ate. Observational agr was evaluated by kappa test.
Non-parametric data was applied due to a non-normal distri-
bution, after Shapiro-Wilk’s test (p <0.05). Mean, median,
and standard deviation were applied to continuous data.
Spearman’s correlation evaluated the independent associa-
tion between BCVA and the considered retinal bands or in-
dividual features such as familiar affection, time from diag-
nosis, and pseudophakia. A multiple linear correlation was
used to analyze the predictors of BCVA and the cumulative
effect of previous considered factors. A p value of less than
0.05 was considered statistically significant.

KEISSY JOSELIN DE JESUS SOUSA 59



Graefes Arch Clin Exp Ophthalmol

TOMOGRAFIA DE COERENCIA OTICA: IMPLICAGOES DA INTEGRIDADE DAS BANDAS EXTERNAS DA RETINA NO PROGNOSTICO DAS DOENGAS MACULARES

Results

Forty-eight eyes of 24 patients were analyzed. Demographic
characteristics are shown in Table 1. A moderate to very good
agreement ( value >0.41) was found in all analyzed layers
between both observers. For presentation purposes, only the
left eye will be acknowledged. The BCVA in either eye of the
patients was very similar with a strong and positive correlation
between both eyes: r(22) =.95, p <.001*.

The correlation between BCVA was tested with the follow-
ing variables: time from diagnosis, family history,
pseudophakia, ELM, EZ, 1Z status, and ONL. As the time
from diagnosis increased, the BCVA decreased (r4(20) =
0.45, p=.04*). A positive family history is correlated with
worse BCVA (r4(19) = .44, p = .048%). All OCT layers evalu-
ated had a correlation with BCVA. The greater the ONL, the
better the BCVA (r(22) =—.63, p=.001%). The presence of
subfoveal ELM (r(24) =—.78, p<.001*), EZ (ry(22)=—.72,
p<.001%), and 1Z (r((22) =— .48, p =.02*) was also correlat-
ed with better visual acuity (Fig. 1).

The number of layers affected was also associated with
BCVA. There was a significant difference when three layers
are affected versus no affected layers (p = .003) (Fig. 2). There
was a strong positive correlation between the number of layers
affected and a lower BCVA (r(22) = .81, p<.001). Figure 3
shows an SD-OCT example between a patient with low and
higher BCVA and the difference between the affected layers.

Multivariate logistic regression with all variables analyzed
was used to control for possible confounders. It was found that
the studied variables contributed to 76%, adj r* = .64
(F(6,12)=6.31, p=.003) of the BCVA variation. The single
EZ presence leads to a BCVA change of —.37 (95% CI —2.25
to —0.198, p=.02*) logMAR. Likewise, the BCVA variation
was not correlated with other of aforementioned variables
(Table 2).

Discussion

The aim of this study was to use SD-OCT to characterize
changes in the outer retinal layers of RP patients and correlate
them with visual acuity. As a first step to this goal, we aimed
to identify with SD-OCT the layers of the outer retinal that are
structurally affected in eyes with retinitis pigmentosa. The
ONL is thinner than normal in most of our patients (23/24
eyes). Sandberg et al. associated the thinning of ONL to X-
linked RP (XLRP) [23]. We did not perform genetic studies on
our patients, but it is possible that this thinning of the ONL is
present in most forms of RP. The EZ was discontinued in
79.2%, followed by 1Z in 70.8% and finally ELM in 45.8%
showing that all external retinal layers are affected by the
disease. Higher visual acuities were correlated with a pre-
served structure of the outer retinal layers [8, 24-26]. As a

Table 1 Demographic characteristics of each patient regarding the OS
Background data

Sex (male) 583% (n =14)
Mean age (+ SD) 52 (£18.1)
Mean time from diagnosis 18.7 (17.7)
Positive family history 75% (n =18)
Pseudophakia OS 50% (n =12)
ELM absence 45.8% (n =11)
EZ absence 792% (n =19)
1Z absence 70.8% (n =17)
Mean subfoveal ONL (pm) 31.6 (£20.7)

ELM, extemal limiting membrane; EZ, ellipsoid band; /Z, interdigitation
band; ONL, outer nuclear layer; OS, left eye; SD, standard deviation.
These were classified as absent () or present (+)

bilateral disease, we found positive correlation between both
eyes, in accordance with Matsuo et al. [8]. This was true both
for visual function and for anatomic characteristics. As a ge-
netic and progressive disease, time from diagnosis and a pos-
itive familiar affection is relevant for the visual function as
patients with faster retinal degeneration probably having a
diagnosis at an carlier age than patients with the slower vari-
ants of the disease. Both these variables correlated with a
lower visual acuity, but this has been described extensively
[5, 8, 27-31]. Pseudophakia is not correlated with visual acu-
ity, which suggests that cataract surgery does not affect the
natural history of the disease and the presence of an intra-
ocular lens is not probably affecting progression of the discase
and visual acuity. It is also known that cataract surgery im-
proves visual acuity in RP patients with cataracts [17, 32].

The association between visual acuity and central retinal
thickness was studied by Sandberg et al. and they concluded
that both retinal thinning (due to cell loss) and retinal thicken-
ing (due to presumed edema) appear to be associated with
lower visual acuity in patients with RP [9]. However, this
could be misleading, as there may be patients with a normal
retinal thickness that have had previous edema whose retina
has not yet become atrophic and who may have a poor visual
acuity. For all of these reasons, in our data, macular edema
was an exclusion criterion.

As RP is mostly a disease of the outer retina, we focused
our study in this area. The individual evaluation of the differ-
ent SD-OCT layers of the outer retina (ONL, ELM, EZ, and
1Z) brings new light into the subject. The univariate analysis
showed a statistically significant correlation between a better
visual acuity and the presence of each of the individual bands;
however, only the EZ maintained statistical significance in a
multivariate analysis. This is in agreement with other retinal
diseases such as retinal detachment recovery after surgery [13,
33]. Furthermore, Liu et al. found a relationship between
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Fig. 1 Correlation between the BCVA of the left eye (OS) and studied
variables (univariate analysis). Top lefi—family history: a positive family
history is associated with an average worse BCVA. Boxplot shows the
median and the quartiles of OS visual acuity regarding the family history.
Top middle—time from diagnosis: there is an 8.3% correlation between
the time from diagnosis and worsening of BCVA. Top right—outer
nuclear layer: the thinner the outer nuclear layer, the worse the BCVA
on a 30% lation. Below left 1 limiting b boxplot
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ganglion cell analysis, ELM, and EZ. The ganglion cells are
thinner in patients with RP compared to those of controls, and
the lesser length of ELM and EZ is correlated with worse
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with better visual acuity. Below right—interdigitation band: boxplot that
shows the BCVA and the p orab of i band. The
of the interdigitation band is d with better visual acuity

visual acuity. The EZ length at the fovea demonstrated the
strongest relationship with BCVA, which is accordant with
our EZ results [27].

Fig. 2 Correlation between the
number of OCT bands affected 2 .
and BCVA. The more the layers
affected, the worse the BCVA is,
which is significant (p =.003)
between 3 layers and no layers
affected. Only one patient had all 1.5
four layers affected
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Fig.3 Top—macular SD-OCT of
a patient with a BCVA of + 1.3
logMAR. An example of an as
absent ELM, EZ, and 1Z.
Below—macular SD-OCT of a
patient with a BCVA of +0.3
logMAR. The external retinal
layers are well preserved in the
foveal region. ELM, external
limiting membrane; EZ, ellipsoid
zone; IZ, interdigitation zone

Our study shows that the loss of layers of the outer retina
interferes significantly with visual acuity. The more bands that
are absent, the greater the visual acuity loss, demonstrating
that there could be a cumulative effect. As the retinal layers
are simultancously disturbed, visual acuity is also worse.
Matsuo et al. also found a correlation between the number of
retinal layers affected and visual acuity. Nevertheless, they
examined different retinal layers from the ones we evaluated.
They evaluated the nerve fiber layer, the inner plexiform, and
the outer plexiform layer, even though the paper is not clear on
how the different layers were affected [8].

We also ran a multiple linear regression for studied vari-
ables to make a prediction for visual acuity. Time from diag-
nosis, family history, ONL, ELM, EZ, and IZ statistically
significantly predicted BCVA which can be accounted by
64% in the studied variables. This is a large size effect, ac-
cording to Cohen [34] which means that outer retinal layer
affection is highly correlated with BCVA loss. The EZ is the
only band that has an individual statistically significant result

for this prediction in the multivariate analysis. Pathological
studies about RP confirmed the EZ as the earliest histopath-
ological change in the outer segments of photoreceptors,
where the EZ is located, due to outer segment shortening,
cytoplasmic densification, axonal clongation, and, ultimate-

ly, cone cell death [11, 13, 35]. We also concluded that
79.2% of patients had an absent EZ, 70.8% had an absent
1Z, 45.8% had an absent ELM, and 95.8% had a thin ONL. In
RP, photoreceptor outer segment loss is followed by loss of
the inner segments and cell body—this seems to be in agree-
ment with our results. However, the ONL comprises rod and
cone nuclei and in RP, the rods degenerate earlier than cones
[26, 36]. Robson et al. also demonstrated that a ring of high-
density autofluorescence (AF) was correlated with a more
severe scotopic sensitivity loss even with a preserved phot-
opic sensitivity. This suggests that a mild macular photore-
ceptor dysfunction may precede significant accumulation of
lipofuscin and increased AF, even with intact but dysfunc-
tional rods in RP patients [37].

Table 2  Coefficients of all variables included in multivariate linear regression to predict to BCVA

Unstandardized coefficients B (std. error)

Standardized coefficients Beta ¢

Sign  95% confidence interval for B

(Constant) .86 (43) 201 07 —-.07t01.79

ONL .00 (0.1) —-.003 -0 99 —.02t0.02

ELM —.51(30) =249 =17 .12 -1.1710.15

EZ —1.23(47) -.83 -26 .02* -225t0—.20

1Z 75 (41) 55 185 .09 —.14t0 1.64

Family history 35(29) 21 122 25 —.28t0.97

Time from diagnosis .003 (.006) .08 49 64 —.11t0.02

ONL, outer nuclear layer; ELM, external limiting membrane; EZ, ellipsoid band; /Z, interdigitation band; *statistically s The ellipsoid band was

the only factor that had statistical significance in predicting visual acuity in the multivariate model which predicts visual acuity in RP patients

@ Springer
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In our study, all outer retinal bands were evaluated and
show how each layer may contribute to visual acuity in RP.
However, we are aware that the cross-sectional design is a
limitation of our study. A prospective study in the early stages
of the disease may help to understand its pathogenesis by
confirming the order in which the outer retinal layers are af-
fected. Unfortunately, the cross-sectional design of the study
and the advance discase state do not allow us to draw all the
conclusions.

Understanding the order and speed in which outer retinal
changes occur in RP may lead to a better understanding of the
disease and its different phenotypes. This could be helpful for
patient counseling and prognosis without the burdens of ge-
netic testing.

Limitations of our study include the small sample size and
the cross-sectional design. Our study only evaluated the fovea,
which is also a limitation. RP is characterized by rod degen-
eration before cone degeneration. It will be important in the
future to evaluate SD-OCT changes in the more peripheral
retinal and correlate them with other aspects of visual func-
tion. RP is a disease which comprises multiple genes and it
would be important to include genetic tests in the future to turn
these results more comprehensive. Unfortunately, we were not
able to perform genetic analysis as genetic testing is still not
possible in many everyday clinical practices especially outside
of research protocols.

A larger prospective study is important to reproduce results
and possibly identify how the different retinal layers are af-
fected by the disease and eventually identify significant pre-
dictors of prognosis for different phenotypes of RP.

In conclusion, our data confirms the influence of the integ-
rity of the outer retinal layers on the decrease of BCVA. The
ellipsoid band seems to be the most important layer in
predicting visual acuity, but the outer nuclear layer, external
limiting membrane, and interdigitation zone may have a cu-
mulative weight in the natural history of this disease.
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|ntroducao: A retinopatia pigmentar (RP) é tipicamente descrita como uma doenca simétrica
na sua forma de apresentacdo e progressdo. No entanto, apesar deste pressuposto. existem
poucos estudos que descrevam e estudem esta simetria. Este estudo tem como objetivo avaliar
a simetria interocular da integridade das camadas externas da retina avaliadas por tomografia
de coeréncia otica (OCT) em doentes com RP.

Materiais o Mestoaos: Foi realizado um estudo transversal no Servico de Oftalmologia do
Hospital de Braga. Portugal. No qual foram incluidos 29 doentes com diagnostico de RP
observados em consulta entre janeiro e agosto de 2017. Foram colhidos dados relativos a idade.
género. tempo decorrido desde data de diagndstico. estado de faquia e acuidade visual com
corre¢do (MAVC). Dados relativos a simetria interocular da espessura da camada nuclear
externa (CNE) e da integridade da Membrana Limitante Externa (MLE). Zona Elipsoide (ZE) e
Zona de Interdigitagdo (ZI) foram avaliados.

Resuitaaos: 58 olhos foram analisados. A média de acuidade visual corrigida em logMAR foi
de 0.93 + 0.63 no olho direito e 0.96 + 0.68 para o olho esquerdo. Verificou-se uma correlagéo
forte positiva entre a medigdo da espessura da CNE efetuadas nos dois olhos (1s=0.884:
p=0.001). Observou-se uma concordancia entre a avaliacdo da integridade da MLE. ZE e ZI
entre os dois olhos (p=0.003. p=0.001 e p=0.005. respetivamente).

Conciusao: Este estudo confirma a elevada natureza simétrica da RP ao nivel do atingimento

das diferentes camadas externas da retina. O OCT afirma-se como uma ferramenta sensivel e
eficaz para a avaliacdo da simetria dos achados tomograficos em doentes com RP.
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ABSTRACT

Introduction: Retinitis Pigmentosa (RP) is typically described as a symmetric disease in its
presentation and progression. However. despite this assumption. there are few publications that
describe and study this symmetry. This study aims to evaluate the interocular symmetry of the
integrity of external retinal layers evaluated by optical coherence tomography (OCT) in
patients with RP.

Materiats ana Metnoas: A cross-sectional study was conducted at the Department of
Ophthalmology of the Hospital de Braga, Portugal. In this study, 29 patients with a diagnosis
of RP observed between January and August 2017 were included. Data on age. gender. time
elapsed since diagnosis. phakic status and best-corrected visual acuity (BCVA) were collected.
Data on the interocular symmetry of the thickness of the outer nuclear layer (ONL) and the
integrity of the External Limiting Membrane (ELM), Ellipsoid Zone (EZ) and Interdigitation
Zone (1Z) were evaluated.

Resuics: 58 eyes were analysed. The mean BCVA in logMAR was 0.93 + 0.63 in the right eye
and 0.96 + 0.68 in the left eye. There was a strong positive correlation between the
measurement of ONL thickness in both eyes (rs = 0.884. p = 0.001). There was a concordance
between the assessment of the integrity of the ELM, EZ and IZ between the two eyes
(p=0.003. p=0.001 and p = 0.005. respectively).

Conciusion: This study confirms the high symmetrical nature of RP at the level of attainment
of the different external layers of the retina. OCT is a sensitive and effective tool for assessing
the symmetry of tomographic findings in patients with RP.

INTRODUCAO

A Retinopatia Pigmentar (RP) designa um conjunto de
doengas heterogéneo caracterizado pela degeneracdo dos
fotorreceptores. A RP €. classicamente. uma distrofia
bastonetes-cones pelo que o envolvimento dos bastonetes
acontece numa primeira fase, seguindo-se a o atingimento
dos cones. Estas alteragdes sdo responsaveis pelo
aparecimento de nictalopia, constri¢do campimeétrica e nos
estadios mais avangados da doenca pode mesmo conduzir
a cegueira devido & perda dos cones centrais.! A forma
tipica de RP pode expressar-se de forma autossémica
dominante, autossomica recessiva. ligada ao cromossoma
X e de forma esporadica, sendo normalmente considerada
recessiva na sua origem.”

A RP € normalmente considerada uma doenca bilateral
que parece afetar os dois olhos de forma concordante.?
Apesar da documentagdo formal desta simetria ser ainda

escassa, o advento da terapia génica na RP veio
impulsionar estudos recentes mnesta éarea.*> De forma
histérica, Jules Gonin em 1901 foi o primeiro a descrever
0 escotoma anelar, tipico da RP. como caracteristica
bilateral e simétrica. Em 1963, Biroot a1 Verificaram uma
tendéncia simétrica para a pigmentagdo intraretiniana.® O
maior estudo até hoje data de 1979. em que sessenta
doentes com a forma tipica de RP foram submetidos a
testes funcionais tendo sido observada simetria entre os
defeitos nos campos visuais.” No entanto, existem
descrigdes de raras excegdes a esta simetria como no caso
de desenvolvimento de RP unilateral® A causa mais
comum para a auséncia de concordancia entre os dois
olhos resulta da inativagdo aleatéria do X. ou lionizagdo,
observada em doentes do sexo feminino portadoras da
forma de RP ligada ao X.*1°

A tomografia de coeréncia 6tica de dominio espectral
(SD-OCT) ¢ uma ferramenta ndo-invasiva 1til no
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diagnostico da RP e no acompanhamento de doentes sob
tratamento quando a macula ¢ afetada.!’'? O SD-OCT
permite a observacdo a nivel estrutural das camadas
externas da retina. No SD-OCT da regido macular, a RP é
caracterizada por alteracdes ao nivel da retina externas —
camada nuclear externa (CNE). membrana limitante
externa (MLE), zona elipsoide (ZE) e zona de
interdigitacdo (ZI).!* Estudos histopatologicos revelaram
que a ZE é a primeira a ser afetada na regido dos
segmentos externos dos fotorreceptores.™* A integridade da
ZE apresenta também um papel importante na predi¢ao da
variagdo da acuidade visual em doentes com RP. tendo
sido identificada como a tinica camada com valor preditor
na perda da AV nestes doentes.'

Com o advento da terapia genética e de tratamentos
recorrendo a célula estaminais. torna-se fundamental
estabelecer se a concordancia interocular € a norma. Este
estudo examina as alteragdes ao nivel do SD-OCT em
doentes afetados com a forma tipica de RP e pretende
estabelecer se estas revelam uma verdadeira simetria
bilateral.

Este estudo transversal foi realizado no Servigo de
Oftalmologia do Hospital de Braga., Portugal e foi
aprovado pela Comissio de Etica do Hospital de Braga e
respeita os principios éticos da Declaragdo de Helsinquia.
Entre janeiro e agosto de 2017 foram avaliados os registos
meédicos e 0os SD-OCT dos doentes com RP observados em
consulta. Todos os participantes foram submetidos a um
oftalmologico  completo no  Servico de
Oftalmologia. O exame oftalmolédgico incluiu avaliagdo da
melhor acuidade visual corrigida (MAVC) usando uma
escala decimal, sendo os resultados convertidos para uma
escala logaritmica (logMAR) para efeitos de andlise
estatistica. Incluiu também observagdo na lampada de
fenda e fundoscopia sob midriase farmacologica. Foram
colhidos dados relativamente a data de diagnostico.
histéria familiar. idade a data de diagnostico e género. O
diagnéstico de RP foi clinico. tendo sido firmado com base
no aspeto da fundoscopia, assim como a histéria familiar
recolhida da anamnese. Nao é reconhecido o padrdo de
hereditariedade da doenca. tendo em conta que ndo for

exame

realizado estudo molecular na amostra. Todos os doentes
realizaram retinografias, SD-OCT e autofluorescéncia. Ao
nivel da retinografia avaliou-se a simefria respeitante a
presenca e distribuicdo das espiculas oOsseas (dentro. fora,
dentro e fora das arcadas vasculares). aspeto do disco 6tico
(rosado ou pélido) e aspeto dos vasos. No padrdo de
autofluorescéncia confirmou-se a existéncia de anel
hiperautofluorescente parafoveal com hipoautofluorescéncia
central. Alguns doentes tém realizado estudo campimétrico
e eletrofisiologico para confirmagdo  diagndstica.
principalmente os de diagndstico mais recente. Os critérios
de inclusdo incluiram diagnéstico de RP e auséncia de
opacidades dos meios de forma a permitir melhor
defini¢do do OCT. Foram excluidos todos os doentes com
catarata ou outras opacidades de meios (ex. opacidades
corneanas ou vitreas) com impacto significativo na
qualidade dos scans obtidos, coexisténcia de outras
patologias retinianas e com falha nos registos médicos.

[ [P R (. pem— g 1

O tomografo de alta resolugdo Spectralis OCT
(Heidelberg Engineering. Heidelberg, Germany) foi usado
para medir a espessura retiniana e avaliar a estrutura da
retina. Foi usado o protocolo FAST com cubos maculares
de 20 x 20 com fixacdo central e 25 cortes horizontais com
espacamento 240 pum de distancia entre cortes. O centro da
fovea foi considerado como a 4rea da retina desprovida de
camadas retinianas internas. A integridade subfoveal das
camadas MLE. EZ e ZI foi avaliada. Utilizou-se o niimero
(1) em casos de integridade e o numero (0) nos casos de
perda da integridade subfoveal da mesma camada. A CNE
foi medida de forma manual no eixo vertical. como
apresentado na figura 1, sendo considerada a camada mais
externa e hiporreflexiva, como mostra a figura 1. A
espessura 82.5t11.1 pm foi utilizada como valor de
referéncia na medicdo da CNE.'® As medicagdes foram
realizadas pelos autores do artigo (T.F. e K.S.) que
desconheciam a informacdo clinica do doente. Em caso de
discordancia. foi reavaliado pelo terceiro autor (M.F.).
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QM“MNSP limitante interna
Camada defibras nervosas -
— Camada de celulas gangliona

= Camada plexiforme interna
=) Camada nuclear interna
— Camada plexiforme externa

=) Camada nuclear externa

= Coroide

e Identificagdo das camadas da retina e cordide na regido macular e
demonstracdo da medi¢do manual da camada nuclear externa (amarelo)

Anatise Estatistica

A informagdo foi organizada numa tabela no programa
Microsore Excer 2010®, sendo posteriormente importada e
analisada no programa Scaciscicar Package For The Sociar
Sciences (SPSS)® (Chicago, Illinois, USA, versdo 25.0).
Em todos os testes estatisticos foi considerada
significancia estatistica quando p<0,05. A acuidade visual
foi convertida para escala logMAR para efeitos
estatisticos.!” Movimentos de méo, perce¢do luminosa e
auséncia de percecdo luminosa foram considerados como
+2, 43 e +4 na escala logMAR, respetivamente.'®

Inicialmente procedeu-se a uma andlise descritiva das
caracteristicas clinicas da amostra em estudo, sendo que as
variaveis quantitativas sdo descritas através da média (M)
e desvio padrio (DP). enquanto que as varidveis
qualitativas sdo descritas através de frequéncias absolutas
e relativas.

A integridade subfoveal das camadas externas da retina
e a espessura da CNE foi medida por dois avaliadores
independentes de forma manual pelo que antes de analisar
os resultados foi necessario avaliar a correlagcdo e
consisténcia interna dos valores obtidos. Para isso foi
utilizado o coeficiente de correlacdo de Spoarman €0 Arra
go Cronbacn como medida de consisténcia interna de
resultados. Valores de Alfa superiores a 0.8 foram
considerados como indicativos de boa consisténcia interna
de dados.

A normalidade da distribuicdo das varidveis em estudo
classificadas como continuas foi testada através do teste

Koimogorov-Smirnov.

Ao longo do estudo. para as varidveis continuas que
assumem distribuicdo normal sdo apresentadas a média e
desvio padrdo, e nas variaveis que violam o pressuposto de
normalidade sdo apresentadas adicionalmente a mediana
(Mdn) e amplitude interquartil (AIQ). O teste exato de
Fisner foi utilizado para avaliar a associagdo entre as
medicagdes de integridade das diferentes camadas externas
da retina. O coeficiente de correlagdo Pearson foi utilizado
para estudar a forca de associagdo entre a espessura da
CNE entre os dois olhos e 0 de Spearman na associagio
entre o niimero total de camadas afetadas em cada olho.

SULTADOS

Neste estudo foram analisados 58 olhos de 29 doentes.
Destes, 15 (51.7%) s@o do sexo masculino e 14 (48.3%) do
sexo feminino. A idade média a data de avaliagdo foi de
52.8 + 18.3, com uma média de 18.11 + 16.9 anos desde a
data de diagnostico de RP. Antecedentes familiares de RP
estavam presentes em 72.4% dos doentes (n=21). As
principais caracteristicas demograficas da nossa amostra
encontram-se sumariadas na tabela 1.

[aseis 1 - Caracteristicas clinicas da amostra estudada

N (%)
Gl Masculino 15 (51.7%)
Feminino 14 (48.3%)
laade (M:DP) 52,8+183
Diagnostico (M+DP) 18.11+ 16,9
Historia famitiar b UGEEED
Nio 8 (27.6%)

DP = desvio-padrdo; M = média; N =n.° de casos

A média de acuidade visual corrigida em escala
logaritmica foi de 0.93 + 0.63 no olho direito e 0.96 + 0.68
para o olho esquerdo. Dos olhos que constituiam a nossa
amostra, 14 olhos direitos e 14 olhos esquerdos eram
pseudofaquicos. Verificou-se uma correlagdo positiva forte
entre as MAVC de ambos os olhos (1=0.899, p<0.001).

Foi avaliada a simetria entre a integridade das camadas
externas da retina, nomeadamente: MLE. ZE e ZI por dois
avaliadores independentes. Para célculo de consisténcia
interna de dados foi calculado 0 aira ge Cronbacn, cujo
valor 0.878 indica uma boa consisténcia interna de
resultados. A tabela 2 mostra os resultados da
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concordancia interocular para cada camada avaliada
separadamente no total da amostra do estudo.

Relativamente a integridade da MLE verificou-se
concordancia entre resultados de 23 olhos da nossa
amostra. Em 12 destes doentes foi possivel verificar
integridade da MLE nos dois olhos. e auséncia da MLE
em 11 olhos de forma concordante. Em 6 doentes existiu
uma auséncia de concordancia interocular. Aplicando o
teste exato de Fisner conclui-se que existe uma associagao
entre a integridade da MLE entre os dois olhos. Da mesma
forma, procedemos a avaliagdo da simetria da integridade
da ZE. Observamos concordancia entre resultados em 26
olhos da nossa amostra. Em 3 doentes houve uma
assimetria na continuidade da ZE. Estes resultados
evidenciam uma associagdo entre a integridade da ZE dos
dois olhos. A avaliagdo da simetria da integridade da ZI
interocular verificou concordancia em 22 doentes e
auséncia da mesma em 7 doentes. O teste exato de Fisner
mostrou associacdo entre a integridade da ZI dos dois
olhos.

w2 7 - Resultados da simetria da integridade das diferentes camadas externas da

retna
Simetria N % Simetria p-value
1 %
MLE Sitl 23 79.3 0003+
Nao 6
ZE S 29 89.7 0.001*
Nio 3
i 2
1 Sim == 75.9 0.005%
Nio 9,

Verifica-se associagdo na avaliagdo da simetria da presenga/auséncia da integridade
em todas as bandas extemas da retina. MLE — membrana limitante externa; ZE —
zona elipsoide; ZI — zona de 1 digitagdo: * p<0,05 com si, anci isti

Em 10 doentes (34.7%) verifica-se assimetria
interocular da integridade em uma ou mais bandas
externas da retina. Como se verifica na figura 1. a presenca
de assimetria estqd associada a uma maior assimetria na
acuidade visual interocular.

025

o1

o1

Média de Assimetria de MAVC Interocular

005

Sem Assimeta
Assimetria Interocular das Bandas Externas da Retina

A\
Com Assimatria

Ficurs 7 - Relagdo da Assimetria das Bandas Externas da Retina com a diferenga
da MAVC Interocular

A espessura da CNE foi medida de forma manual por
dois investigadores independentes. O coeficiente de
correlagdo de Spearman foi utilizado para avaliar a
repetibilidade entre as duas medicagdes para cada olho.
Verificou-se uma correlagdo positiva moderada e
estatisticamente  significativa para cada medigdo
independente (OD: 1s = 0.521. p<0.005 e OE: 1s = 0.559,
P<0.005).

De forma a avaliar a associacdo entre a espessura da
CNE do OD e a do OE foi utilizado o coeficiente de
correlacdo de Posrson. Observou-se uma correlacdo forte
positiva entre as medigdes efetuadas nos dois olhos
(r=0.881: p=0.001). A figura 2 apresenta a correla¢io
entre as medigdes manuais da CNE dos dois olhos do total
da amostra.

Espessura CNE OD
8

o 0
DL
by . : :
Espessura CNE OE

' - Correlagéo entre as medigdes da CNE de ambos os olhos
Observa-se uma correlagdo forte e positiva de 77.6% entre a camada nuclear externa
de ambos os olhos. CNE — camada nuclear externa; OD — olho direito; OE — olho
esquerdo.
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O numero de camadas externas da retina afetadas pela
RP em cada olho foi avaliado utilizando o coeficiente de
correlagdo de Spearman € observou-se uma correlagdo
positiva forte entre o niimero total de camadas afetada em
cada olho (1,=0.769: p=0.001). O grafico 2 ilustra a
correlacdo entre o nimero de camadas externas da retina
afetadas em cada olho.
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Correlagdo entre o nimero de camadas externas da retina afetadas em
ambos os olhos
Verifica-se uma correlagdo positiva entre o nimero de camadas afetadas em ambos
os olhos, ou seja. quanto maior o nimero de camadas afetadas de um olho. maior
atingimento se verifica no olho adelfo.

Neste estudo observamos uma elevada taxa de simetria
interocular entre o atingimento das camadas externas da
retina medidas por SD-OCT em individuos com RP. Este
estudo complementa muitos outros que datam da era
anterior a tomografia de coeréncia 6tica, nomeadamente o
de Biro et al (1963) que verificou um padrio de simetria
nas alteragdes pigmentares intrarretinianas de doentes com
RP® e o de Massofetal (1979) que constatou perdas
simétricas nos campos visuais destes doentes.” Esta
simetria nas alteragdes oculares sugere que a progressao da
RP segue uma sequéncia de alteracdes morfologicas. no
qual o OCT se afirma como uma ferramenta nao invasiva
sensivel e imprescindivel na caracterizagdo destas
alteragdes. A RP ¢ essencialmente uma doenga dos
fotorrecetores, pelo que as camadas externas da retina
foram o foco do nosso estudo. A RP € caracterizada no
SD-OCT macular por alteragdes na jungdo dos segmentos

internos/externos dos fotorreceptores e da MLE. Da
mesma forma. estudos baseados no OCT estabeleceram
uma relacdo positiva entre a integridade da ZE e a
acuidade visual de doentes com RP. bem como
confirmaram a espessura da camada nuclear externa como
um biomarcador importante de doengas maculares,!>!%-2?
Neste estudo. observamos que a integridade da ZE fora a
mais frequentemente afetada. facto que parece ser
suportado por estudos histopatologicos que mostram que
as primeiras alteragdes na RP se localizam no nivel dos
segmentos externos dos fotorreceptores. onde a ZE se
localiza.!*

Este estudo apresenta algumas limitagdes que merecem
ser discutidas. Neste estudo. o diagndstico de RP foi
firmado apenas com base no aspeto fenotipico da
fundoscopia, nao tendo sido realizada genotipagem.
Espiculas Ossea. estreitamento arteriolar e palidez papilar
apesar de serem caracteristicas tipicas do aspeto
fundoscépico de RP. também podem ser observadas
noutras doengas. nomeadamente as distrofias retinianas em
estadio avangado. Para além do estudo genético. seria
também pertinente a realizagdio de outros exames
complementares de  diagndstico como  estudo
eletrofisiolégico e campos visuais em todos os doentes.
Apesar de terem sido realizadas retinografias e
autofluorescéncia. o objetivo deste trabalho cursava com a
identificacdo de biomarcadores de simetria ao nivel do
SD-OCT. pelo que a presenca e distribuicdo das espiculas
oOsseas, caracteristicas do nervo odtico e o padrdo de
autofluorescéncia tipico da RP ndo foram avaliados neste
estudo. A integridade do epitélio pigmentar da retina
(EPR) foi avaliada de forma indireta através da ZI, ja que
esta ¢ formada pelos segmentos externos dos cones e o
apice das células do EPR.>* No futuro, a integragdo com
multiplos exames complementares podera ser interessante,
no entanto um numero mais elevado de doentes pode ser
pertinente para poder correlacionar tantas variaveis.

Em conclusdo, o nosso estudo confirmou a natureza
simétrica da RP com base nas alteragdes induzidas na
integridade camadas externas da retina medidas por
SD-OCT. Esta confirmagdo ¢ importante do ponto de
vista da avaliagdo de diferentes tratamentos genéticos que
utilizam um dos olhos como controlo, mas também porque
permite uma melhor compreensdo da progressdo desta
doenga.
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Purpose. To evaluate the predictors for subretinal fluid resorption in patients with chronic central serous retinopathy (cCSR)
submitted to half-dose photodynamic therapy (HD-PDT). Methods. Observational, longitudinal, and retrospective study of
patients with cCSR submitted to HD-PDT in a tertiary ophthalmology department in Portugal between January 2015 and
February 2018. Best-corrected visual acuity (BCVA) and SD-OCT at baseline and 12 + 3 months after treatment were performed.
The central macular thickness (CMT), outer nuclear layer (ONL) thickness, integrity of the external limiting membrane (ELM),
ellipsoid (EZ) and interdigitation zone (IZ), subretinal fluid (SFR) height, and choroidal thickness (CT) were evaluated. Patients
were classified into responders and nonresponders based on SRF resorption. Results. Sixty-one eyes of 42 patients were included;
75.4% were classified as responders. Final BCV A was significantly better in responders (p = 0.002). The baseline ONL was thicker
(p <0.01) and intact ELM (67.2% vs. 16.4%), EZ (49.2% vs. 8.2%), and 1Z (31.2% vs. 1.6%) were more prevalent in responders than
in nonresponders. Anatomic response was correlated with a thicker ONL (rs (59) = 0.416, p = 0.001*), intact ELM (rs (59) = 0.261,
p=0.04"), EZ (rs (59)=0.278, p = 0.03"), and IZ (rs (59)=0.318, p = 0.01"). Binary logistic regression showed that a thicker
ONL thickness increased the chance of an anatomic response to HD-PDT. The other evaluated retinal layers did not have
statistical significance in the binary regression model. Conclusions. cCSR responders to HD-PDT have a better final BCVA, a
thicker baseline ONL, and an intact baseline ELM, EZ, and IZ. However, ONL was the only predictor in a logistic regression model
for SRF resorption.

1. Introduction

Central serous retinopathy (CSR) is characterized by mac-
ular serous detachment in the absence of other ocular ab-
normalities [1, 2]. Although most acute cases resolve
spontaneously, the recurrence or persistence of serous
subretinal fluid can lead to deterioration in vision [2, 3]. One
definition of chronic CSR (cCSR) is characterized by per-
sistent serous retinal detachment for more than 6 months
[4]. Over the last decades, fluorescein angiography (FA) and

indocyanine green angiography (ICG) have been used to
confirm the diagnosis. However, these techniques remain
insufficient for predicting visual outcomes [3]. The recent
advances in spectral-domain optical coherence tomography
(SD-OCT) have made it possible to detect changes in the
retinal microstructure [2, 3]. The ability to evaluate changes
in central macular thickness, submacular fluid, thickness of
the outer nuclear layer (ONL), and thickness of the external
retinal bands such as the external limiting membrane (ELM),
the ellipsoid (EZ), and interdigitation (IZ) zones has
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increased our knowledge on the pathophysiology of CSR
[2-10]. Subfoveal choroidal thickness (CT) has been re-
ported to be thickened in CSR likely due to choroidal
vascular dilation [11]. SD-OCT evaluation of the subretinal
fluid has become an important tool for the management of
the disease as it provides fast and innocuous characterization
of disease activity, determining which patients require
treatment due to persistent subretinal fluid, and it allows the
anatomical evaluation of treatment response.

In cases of persistent subretinal fluid, half-dose photo-
dynamic therapy (HD-PDT) with verteporfin has been
widely used to treat CSR by inducing choroidal vascular
remodeling and decreasing choroidal vascular permeability
with a high anatomical success [4, 8, 12, 13]. However, there
has been a discrepancy between anatomic success of the
treatment, usually defined as absence of subretinal fluid, and
visual recovery. This fact suggests that there may be prog-
nostic factors that can predict anatomic and visual recovery
[4, 12, 14]. The aim of our study is to identify baseline SD-
OCT characteristics that may predict the anatomic im-
provement after HD-PDT in patients with chronic CSR. We
evaluated the CMT, ONL, ELM, EZ, IZ, subretinal fluid
(SRF), and CT as prognostic factors for subretinal fluid
resorption about 12 months after HD-PDT treatment.

2. Methods

Medical records of patients who had the diagnosis of
cCSR that were submitted to HD-PDT between January
2015 and February 2018 were reviewed for this retro-
spective study. All investigations were performed in
accordance with the principles of the Declaration of
Helsinky and approved by the Ethics Committee of
Hospital de Braga. All patients with a diagnosis of cCSR
who performed HD-PDT during the reported period were
included. Data were collected at baseline and 12+2.6
months after treatment. No other treatments for cCSR
including mineralocorticoid receptor antagonists or focal
laser were performed during the study period. Patients
with myopia >6.0 diopters and macular disorders such as
choroidal neovascularization, polypoidal choroidal vas-
culopathy, age-related macular degeneration, history of
vitreomacular disease, intravitreal anti-VEGF (vascular
endothelial growth-factor) or mineralocorticoid-receptor
antagonists treatment, laser photocoagulation or prior
PDT <6 months, cataract, or optical media opacity that
restricted the examination of ocular fundus were ex-
cluded from this study.

Each study participant underwent a comprehensive
ophthalmologic examination, SD-OCT, and FA (TRC-
50DX, Topcon Medical Systems, Inc., Tokyo, Japan) and/or
ICG (TRC-50DX, Topcon Medical Systems, Inc., Tokyo,
Japan) evaluation. Demographic data collected included
sex, age, time of diagnosis, laterality, and previous treat-
ments. Ophthalmologic examination included best-cor-
rected visual acuity (BCVA) and slit-lamp biomicroscopy.
BCVA was assessed using the decimal scale chart and
converted to logarithm of the minimum angle of resolution
(log MAR).

Journal of Ophthalmology

Spectralis SD-OCT (Heidelberg Engineering, Heidel-
berg, Germany) was used to measure retinal thickness and
evaluate the outer retinal layers. The OCT imaging technique
consisted in obtaining a macular square (20 x 20°) composed
of 25 horizontal B-scans, spaced at 240 yum. Each B-scan was
averaged 9 times (ART 9). Additionally, for each case, a
single horizontal and a single vertical B-scan using the
enhanced depth imaging mode, averaged 100 times (ART
100), and centered on the fovea was obtained.

The SD-OCTs were performed immediately before
treatment and 12+ 3 months later. The presumed foveal
center was determined as the area lacking the inner retinal
layers in the macular region. Data collected were: central
macular thickness (CMT) and the following foveal pa-
rameters: outer nuclear layer (ONL) thickness, presence or
absence of external limiting membrane (ELM), ellipsoid
band (EZ), interdigitation band (IZ), subretinal fluid height
(SRF), and choroidal thickness (CT). ONL was defined as the
distance between the inner limiting membrane and the ELM
at the central fovea. SRF was measured as the hyporeflective
space from the IZ to the RPE. Choroidal thickness was
measured subfoveally with enhanced depth imaging, from
the outer portion of the retinal pigment epithelium (RPE) to
the inner surface of the sclera. When there was any dis-
ruption of the central foveal millimeter of the ELM, EZ, and
1Z bands, they were classified as absent; when these layers
were preserved, they were classified as present. All mea-
surements and evaluations were made by two independent
investigators (K.S. and A.R.V.) on the horizontal high
quality scans centered on the fovea. Any prominent dif-
ference between the two investigators was discussed with the
senior author (M.F.), and the reconciled measurement was
recorded.

PDT with verteporfin (Visudyne®, Novartis, Basel,
Switzerland) was performed using a half-dose protocol.
Verteporfin at 3 mg/m’ dose was infused for 8 min; diode
laser light (689 nm) was delivered (Visulas 690 D, Carl Zeiss
Meditec Inc., Jena, Germany) for 83 s. The standard dose of
laser intensity (600 mW/cm?) and fluence was used (50]/
cm?). The spot size was determined by the area size of the
maximum leakage point on ICG or FA.

Two different groups of patients were created for the
analysis. Patients were divided into anatomic responders (R)
and nonresponders (NR) based on SRF resorption. Patients
were classified as responders if the SRF improved equal or
greater than 50% resorption of SRF measured on SD-OCT
height.

All statistical analysis was performed using SPSS soft-
ware version 25.0 (SPSS Inc., Chicago, IL), and p values
<0.05 were considered statistically significant. All values
were presented as mean (+standard deviation (SD)) or
median (interquartile range (IQR)). Nonparametric tests
were applied after nonnormality of the sample was con-
firmed by the Shapiro-Wilk test. Wilcoxon signed-rank test
was used to compare baseline and posttreatment visual
acuity. Spearman’s rho correlation was used to find the
associations between anatomic response and baseline OCT
characteristics. Mann-Whitney U or independent sample ¢-
test was used to compare differences between groups. To
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identify factors affecting treatment success, we performed a
binary univariate analysis and subsequently a multivariate
regression using the backward conditional method to ex-
clude possible confounders and analyzed the baseline var-
iables to verify any predictive factors.

3. Results

Seventy eyes of 47 patients were selected. Nine eyes were
excluded due to lack of complete follow-up. Sixty-one eyes of
42 patients were included. Mean age was 55.7 + 12.6 years;
71.4% (n = 30) were male. Median time from diagnosis until
treatment was 20 (IQR 26) months. Corticoid use was
present in 27.9% (n = 11) of patients. Naive eyes were 44.3%
(n=27), and previous treatments, such as HD-PDT, min-
eralocorticoids, or anti-VEGF, were applied in 55.7%
(n=34) cases outside the study period and at least 3 months
before the study. Table 1 shows demographic characteristics
of our sample.

3.1. Anatomic Response and Visual Acuity. The samples were
divided in two groups: R and NR, regarding the SRF im-
provement on SD-OCT. Forty-six patients (75.4%) were
classified as R and 15 (24.6%) were classified as NR. Overall,
the median baseline BCVA was 0.30 logMAR (IQR 0.40),
and the final BCVA was 0.20 logMAR (IQR 0.30), which
meant a significant visual improvement (z=-2.85,
p = 0.004). In the NR group, there was no significant var-
iation in median BCVA throughout the study, from 0.70
(IQR 0.6) to 0.40 (IQR 0.50) (z=-0.12, p = 0.91). In the R
group, the median baseline BCVA improved from 0.25 log
MAR (IQR 0.20) to 0.20 log MAR (IQR 0.2) (z=-3.56,
P <0.001). Baseline visual acuity was not statistically dif-
ferent between both groups (U=242, z=-1.75, p = 0.08).
However, final BCVA was better in R (0.20 logMAR (IQR
0.20) than NR (0.40 logMAR (IQR 0.50)) (U= 156, z= —3.08,
p = 0.002).

3.2. OCT Parameters. The baseline SD-OCT parameters
evaluated in R and NR are shown in Table 2. The baseline
ONL was thicker in the R group (43.5 +22.9 ym) than in the
NR group (23.9 +32.2um, p <0.01). The ELM integrity was
more prevalent in the R group than in the NR group (67.2%
vs. 16.4%), p = 0.04. The same was observed within the EZ
(49.2% vs. 8.2%, p=0.03) and the IZ (31.2% vs. 1.6%,
p=0.01).

3.3. Independent Correlations with Anatomic Response.
The correlation between the baseline retinal layers and the
anatomic response to HD-PDT was evaluated as shown in
Table 3. The ONL thickness and the presence of the other
outer retinal layers are significantly correlated with the final
anatomic response (ONL (rs (59) =0.416, p = 0.001*), ELM
(rs (59) =0.261, p = 0.04%), EZ (rs (59)=0.278, p = 0.03%),
and IZ (rs (59) = 0.318, p = 0.01%)). Overall, neither baseline
BCVA and time from symptoms/diagnosis until treatment

3
TaBLE 1: Demographic characteristics and clinical data.
Variable (42 patients, n=61)
Sex (male/female) 30/12
Age (years) 55.7+12.6
Time until treatment (months) 20 (IQR 26)
HD-PDT 16.4%
Mineralocorticoid 1.6%
Previous treatments MPL 3.3%
Anti-VEGF 4.9%
Multiple 29.5%

values are presented as mean + standard deviation in age and as median
(IQR = interquartile range) in time until treatment.

were correlated with the anatomic effect (rs (63)=0.08,
p =0.54).

3.4. Binary Regression on Anatomical Response. A binomial
multivariate logistic regression was performed to ascertain
the effect of final BCVA, ONL, EZ, and IZ on the likelihood
that patients will respond to HD-PDT. The logistic re-
gression model was statistically significant (x*(4)=11.7,
p =0.002). The model explained 17.4% to 25.9% (Nagel-
kerke R?) of the variance of anatomical response and cor-
rectly classified 78.7% of cases. Of the four predictive values,
only one was statistically significant, ONL (p = 0.02). The
increase of 1 um of ONL thickness elevates 1.04 times the
chance to anatomic response to HD-PDT. All other variables
lost statistical significance in the multivariate logistic re-
gression model as shown in Table 4.

4. Discussion

Due to the increasing costs of medical therapy, the decision
to treat patients in clinical practice has led to an increasing
concern over cost-effectiveness. Understanding which pa-
tients will benefit from treatment in expensive medications
such as PDT is of paramount importance. Evaluating the
anatomy of the outer retina before treatment may help
predict the anatomic response. In our series, though all
external layers had an independent significant correlation
with the anatomical fluid resorption, we observed that pa-
tients with a thicker ONL had a higher likelihood to obtain
an adequate anatomic response to HD-PDT in the dicotomic
model. This could mean that ONL status might be the most
important layer to predict the anatomic response.

Current advances in the SD-OCT technology have
provided precious information regarding the importance of
outer retinal layers in visual function in eyes with CSR
[6, 14, 15]. Improvement in BCVA and SRF after HD-PDT is
well documented [4, 14, 16-19] and was confirmed in this
study. We also showed that when an anatomic response does
not occur, we do not find a significant change in vision.
Treatment effect based on SRF resorption and CMT re-
duction has been used to classify the response to PDT
[18, 20]. Most of the studies reported an anatomical success
of 60-85%, which was in line with our results of 75.4% of
anatomical improvement [14, 18, 19]. In our study, we
disclose that the anatomic responders had a final better
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TaBLE 2: Variables at baseline from responders and nonresponders groups.

Variables Responders Nonresponders

Best-corrected visual acuity (log MAR) 0.25 0.7 U=242, z=-1.75, p=0.08

Central macular thickness (4m) 315.5 (183) 283 (95) U=417, z=1.06, p = 0.29

Outer nuclear layer (ym) 435+229 23.9+32.2 #(59)=-2.59, p = 0.01"

External limiting membrane (present/absent) 41/5
Ellipsoid zone (present/absent)
Interdigitation zone (present/absent)
Choroidal thickness (#m)

Subretinal fluid (um)

30/16 (65.2/34.8%)
19/27 (41.3%/58.7%)
304.2+74.1
96.5 (201)

10/5 p=004
5/10 (33.3%/66.7%) p=003"
1/14 (6.7/93.3%) p=001"
282344738 #(59)=-1.08, p = 0.29
61 (89) U=384, z=0.66, p = 0.51

Variables at baseline included in the analysis from responders and nonresponders groups. There was a significant difference between both groups in outer
nuclear layer, external limiting membrane, ellipsoid zone, and interdigitation zone. *Statistically significant.

TasLe 3: Independent correlations between variables at baseline
and anatomic response.

Correlation with
anatomic response

rs (59)=-0.23, p = 0.08

rs (57)=0.05, p=0.73

rs (59) =0.15, p=0.25
rs (59)=0.416, p = 0.001"
rs (59)=0.261, p = 0.04"
rs (59) =0.278, p = 0.03*
rs (59)=0.318, p = 0.01*
Choroidal thickness rs (59) =-0.098, p = 0.45
Subretinal fluid rs (59)=0.085, p = 0.52
Independent correlations between the anatomic response and the baseline
retinal layers or baseline best-corrected visual acuity (BCVA). There is an
independent correlation between baseline outer nuclear layer, external
limiting membrane, ellipsoid zone, and interdigitation zone. rs=Spear-
man’s rho correlation; p=p value; * = statistically significant.

Independent variables at baseline

Best-corrected visual acuity
Time from diagnosis
Central macular thickness
Outer nuclear layer
External limiting membrane
Ellipsoid zone
Interdigitation zone

median BCVA (with less improvement) as in the study of
Matuskova et al. [4]. This could also be an indicator that
using the PDT when the retina is not yet dysfunctional may
lead to better SFR resorption, CMT improvement, and
improved visual acuity. However, we did not find that time
to treatment was an indicator of anatomic improvement
after treatment. Chung et al. and Iacono et al. reported
similar findings as they described that the duration of
symptoms was not linked with subretinal fluid resolution
[21, 22]. This could mean that retinal dysfunction in this
disease may not be linked to the amount of time in which
subretinal fluid is present and could be linked to other outer
retinal changes that occur but are not time-dependent. It is
possible that the biochemical characteristics of subretinal
fluid may differ from patient to patient, and these differences
may have different effects on the external retinal layers that
have been described [2, 12, 21].

In our study, the R group had different baseline SD-
OCTs from NR. They had a thicker ONL, and the ELM, EZ,
and IZ were more frequently intact. However, in our binary
regression model, we found that the ONL thickness was the
only predictor of SRF resorption. The ONL is the innermost
retinal layer of the variables in our study. The ONL is
composed by the nuclei of photoreceptors. Thinning of this
layer could be a marker of definite retinal damage that may
predict a poor response to PDT. When the subretinal fluid is

present, the RPE is not able to absorb the tip of the outer
segment. This may lead to both an elongation of photore-
ceptor outer segments and possibly photoreceptor cell ap-
optosis with subsequent thinning of ONL [9, 23, 24]. Other
studies have reported that the ONL thickness could be an
important predictor of visual acuity after one year of half-
fluence PDT [8, 25]. However, these studies differ from the
present studies because they had a lower number of eyes (22
and 36) and they used half-fluence PDT instead of half-dose
PDT.

Other authors have reported other results but, in their
studies, the ONL was not assessed, and therefore the im-
portance of this layer could not be evaluated. A strong
correlation between the disruption of the ellipsoid (pre-
viously denominated IS/OS) and low BCVA and a decrease
in visual acuity when the ELM is disrupted was found in
untreated chronic CSR [3]. One other study did not find any
predictive factors with final BCVA, including ELM or the
ellipsoid zone when low-fluence PDT was used [4]. When
conventional PDT was used, a disruption of the EZ, longer
duration of visual symptoms, and RPE atrophy negatively
impacted on visual function [14]. Finally, Chung et al. used
SRF resolution as a prognostic factor for visual acuity im-
provement for HD-PDT. They also observed that EZ was not
a prognostic factor for SFR resorption, but they did not
include other variables than the EZ as predictors [21]. These
data suggest that evaluating the EZ as the sole predictive
factor for visual function for chronic CSR might be re-
ductionist and that all outer retinal structures, especially the
ONL, should be taken into account as a predictive factor and
in future evaluations of response to therapy.

Our study also has limitations. It is a retrospective study.
There was an asymmetry between the number of patients in
the two groups because the majority of patients had a good
response. There were a significant number of patients who
were followed-up for a long time, and other treatments have
been performed before, which could explain the poorer
results. Mean age was higher than usual, and it could be
linked for the longer time of disease and due to 31.9% of
patients that had cCSR linked to corticoid use. Patients were
followed up in a regular clinical setting without strict follow-
up protocols and treatment indications as clinical trials;
however, it tries to reflect everyday clinical practice.

This is the first study to analyze the anatomic charac-
teristics of all the outer retinal layers in a multivariable
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TasLE 4: Univariate and multivariate binomial regression to estimate the probability of anatomic response.

Multivariate Multivariate
analysis, Exp(B) analysis p-value, 95% CI

Univariate analysis
p-value, 95% CI

Variable Univariate analysis Exp(B)
Baseline best-corrected visual acuity 0.151
Time until diagnosis 1.005
Central macular thickness 1.001
Outer nuclear layer 1.04
External limiting membrane 0.244
Ellipsoid zone 0.267
Interdigitation zone 0.102
Choroidal thickness 1.005
Subretinal fluid 1.001

p=0.04, 0.025-0.891" 0.49 p =0.49, 0.065-3.66
p=0.73,0976-1.035 X

p =0.76, 0.997 -1.005 X

p=0.02,1.01-1.07" 1.04 p =0.02, 1.007 - 1.071*
p = 0.05, 0.059-1.008 X
p=0.04, 0.078 - 0.915" 127 p=0.76, 0.268 - 6.029
p=0.03, 0.012-0.839" 0.16 p=0.1,0018-1.43
p=0.28, 0.996 -1.014 X

p =0.71, 0.996 - 1.005 X

To estimate the probability of anatomic response of baseline variables, a univariate analysis of each variable to exclude possible confounders was performed
initially, and subsequent multivariate analysis was performed. Only the outer nuclear layer was a significant predictor. *, statistically significant; X, not

included.

model to try and identify predictors of SRF resorption in
patients treated with HD-PDT for ¢CSR with one year of
follow-up. Anatomic recovery is usually proportional to
visual acuity improvement [10, 14, 21]. That was the main
reason to study predictors that may influence anatomic
recovery. Evaluation of the outer retinal layers especially the
ONL may help predict which patients may have an ana-
tomical response to HD-PDT. Treating patients with a thin
ONL may not have a good anatomical response and
therefore will not obtain significant visual benefits.

5. Conclusion

HD-PDT is one treatment option for cCSR. Multiple studies
used assorted variables trying to predict a better result of
PDT in cCSR [25]. Most studies have evaluated single retinal
layers using SD-OCT. We analyzed all the outer retinal
layers, and in our model, a thicker ONL was the best pre-
dictor for better anatomic results.
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Introduction: Subthreshold micropulse laser treatment with a 532 nm (532-SML) wave-
length has been suggested as a treatment option for the treatment of chronic central serous
retinopathy (cCSR). The objective is to present its effects and complications.

Methods: We present a retrospective cohort study of cCSR patients submitted to 532-SML.
Best-corrected visual acuity (BCVA) and spectral-domain optical coherence tomography
(SD-OCT) parameters — central macular thickness, subfoveal outer nuclear layer, external
limiting membrane, ellipsoid band, interdigitation band, subretinal fluid and choroidal thick-
ness — were evaluated before and 12 weeks after treatment. A power of 50%, a duty cycle of
5%, exposure time of 200 ms and a spot size of 160 pm were the applied laser parameters.
Results: We included 26 eyes. Overall there were no significant changes in visual acuity
(median 0.20 (IQR 0) logMAR before and after treatment) or SD-OCT parameters. However,
visual benefits occurred in 42.3% (n=11) of the patients and in half of the cases, subretinal
fluid was completely reabsorbed. There were no complications.

Conclusion: In this study, 532-SML was overall ineffective on ¢cCSR as it did not lead to
significant changes in the overall median visual acuity and SD-OCT parameters. However,
some patients may have benefited functionally and anatomically from the treatment; further
investigation is necessary to understand the potential of 532-SML.

Keywords: central serous retinopathy, SD-OCT, subthreshold micropulse laser, 532 nm

wavelength, outer retina bands

Introduction

Central Serous Retinopathy (CSR) is characterized by choroidal hyperpermeability,
pigment epithelial detachment and retinal neurosensorial detachment with subret-
inal fluid (SRF); when the fovea is involved central vision loss occurs. In acute
CSR, sudden-onset loss of central vision occurs because of a single point of leakage
in the retinal pigment epithelium (RPE); such cases tend to resolve spontaneously
within several months. However, at least 15% of the patients have chronic SRF
accumulation, with associated persistent vision loss and more extensive pathologic
features of the retina and choroid."?

Photodynamic Therapy (PDT) has been shown to be an effective treatment for
chronic CSR (¢cCSR), both visually and anatomical]y.z'3 However, PDT is expen-
sive and not always readily available in many centers. Potential side effects as
secondary chorioretinal atrophy and reduction of contrast sensitivity have been
described.*® Other available treatment options include mineralocorticoid antago-
nist (ie spironolactone and eplerenone), focal laser or anti-vascular endothelial
growth factor (VEGF) lherupy.”’ There is overall poor evidence for the use of
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systemic and intravitreal medications; mineralocorticoid
receptor antagonists may have the greatest potential from
this class of treatments. Conventional thermal photocoa-
gulation may be used in selected cases.® Recently, sub-
threshold micropulse laser treatment (SML) has been used
for ¢cCSR with variable results.>”'%'> SML is a laser
delivery mode that involves a series of repetitive ultrashort
laser pulses that more broadly treat RPE. Improved RPE
function is proposed to result from the targeted cells’
response to therapy.” SML diminishes the risk of iatro-
genic thermal damage of regular laser, does not induce
ophthalmoscopically visible laser bumns and can therefore
be used to treat subfoveal or juxtafoveal focal and diffuse
leaks.

Anatomic success rates were reported to be between
41% and 100% with 577 or 810 nm wavelength.? The
average visual acuity improvement are around nine-letter
ETDRS" or remained within two lines of baseline'
Potential advantages of SML over PDT include cost reduc-
tion and the elimination of the adverse effects associated
with verteporfin and PDT.'* The use of 5% duty cycle has
shown very mild or no visible RPE alterations secondary
to local heating in fundus observation, infrared and auto-
fluorescence imaging.'®'? For macular disorders, both
green (495-570 nm) and yellow (570-590 nm) wave-
lengths are suitable as they are well absorbed by melanin
and hemoglobin and only minimally by macular
xanthophylls."> There is scarce data using the 532 nm
wavelength for cCSR. However, the theoretical principles
of the other wavelengths used — 577 or 810 nm>%! —
could feasibly be applied to the 532 nm wavelength. Due
to paucity of data relating to the effectiveness of 532-SML
for CSR treatment, the main objective of the study was to
present the effects of this laser wavelength (532-SML)
using 5% duty cycle.

Methods

We analyzed medical records of patients who had the
diagnosis of c¢CSR that were submitted to 532-SML
between June 2017 and April 2019. All investigations
were performed in accordance with the principles of the
Declaration of Helsinki and approved by the Ethics
Committee of Hospital de Braga. Inclusion criteria were

patients >18 years with ¢cCSR with at least 4 months of

persistent subretinal fluid observed by spectral-domain
optical coherence tomography (SD-OCT). It was deter-
mined a subretinal fluid height until 100 um. The diag-
nosis of cCSR was confirmed by fluorescein angiography

(FA) (TRC-50DX, Topcon Medical Systems, Inc., Tokyo,
Japan) and/or Indocyanine green angiography (ICG)
(TRC-50DX, Topcon Medical Systems, Inc., Tokyo,
Japan). Data were collected at just before and at 12
weeks after treatment. During these 12 weeks, no other
treatment for cCSR was performed including mineralocor-
ticoid receptor antagonists or laser or PDT. We excluded
patients with myopia 6.0 diopters and macular disorders
such as choroidal neovascularization, polypoidal choroidal
vasculopathy, age-related macular degeneration, history of
vitreomacular disease, cataract or optical media opacity
that restricted the examination of ocular fundus. Patients
with a history of treatment for their cCSR in the 6 months
before the 532 nm MPL treatment (intravitreal anti-VEGF)
treatment, laser photocoagulation or prior PDT) were also
excluded. Visual acuity was not an inclusion/exclusion
criteria.

All included participants underwent a comprehensive
ophthalmologic examination, SD-OCT and FA and/or ICG
evaluation. Demographic data included sex, age, time of
laterality and treatments.
Ophthalmologic  examination
acuity (BCVA) and
BCVA was assessed using the decimal scale chart and

diagnosis, previous

included best-corrected
visual slit-lamp  biomicroscopy.
converted to logarithm of the minimum angle of resolution
(logMAR).

All  patients SD-OCT

(Heidelberg Engineering, Heidelberg, Germany) to mea-

performed a Spectralis
sure retinal thickness and evaluate the outer retinal layers.
The OCT imaging technique consisted in obtaining
a macular square (20 x20°) composed of 25 horizontal
B-scans, spaced at 240 pm. Each B-scan was averaged 9
times (ART 9). Additionally, for each case, a single hor-
izontal and a single vertical B-scan using the Enhanced
Depth Imaging mode, averaged 100 times (ART 100), and
centered on the fovea was obtained. The SD-OCTs and
BCVA measurements were performed immediately before
treatment and 12 weeks later. The presumed foveal center
was determined as the area lacking the inner retinal layers
in the macular region. Data collected were central macular
thickness (CMT) and the following foveal parameters —
outer nuclear layer (ONL) thickness; continuity or disrup-
tion of external limiting membrane (ELM), ellipsoid band
(EZ) and interdigitation band (IZ); subretinal fluid height
(SRF) and choroidal thickness (CT). ONL was defined as
the distance between the inner limiting membrane and the
ELM at the central fovea. SRF was measured as the
hyporreflexive space from the IZ to the RPE. Choroidal
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thickness was manually measured subfoveally with  Table | Demographic Data

enhanced depth imaging, from the outer portion of the Age (years) 5154121

retinal pigment epithelium (RPE) to the inner surface of

the sclera. A disruption of the foveal ELM, EZ and 1Z Gender :::Ie io(fl?’/z%)

bands was classified as absent; its preservation was classi- :

fied as present. Two independent investigators (K.S. and | Time und 12¢0

M.J.) made all measurements and evaluations on the hor- zl::;:::;t

izontal high-quality scans centered on the fovea. Any

prominent difference between the two investigators was Erevious None 7@6.9%)

discussed with the senior author (M.F.) and the reconciled SRS i?::::‘one e TS(I(::;Z)

measurement was recorded. ) A—— (spimnzhcmne) ’
SML was performed with a Quantel Medical Supra® HD-PDT 8 (30.8%)

532 nm. A pattern of multiple confluent with no space
laser spots were applied. covering the fluid seen on SD-
OCT and/or the main leakage point in FA. The laser
treatment was also applied on even if these areas did not
coincide with visible leaking spots on the FA/ICG. All
treatments were performed by the same surgeon (K.S.).
The power was initially increased upward to the minimum
threshold value to cause a barely visible burn on micro-
pulse mode outside vascular area at the posterior pole and
then it was reduced to 50%. A duty cycle of 5% was used,
exposure time of 200 ms and a spot size of 160 pm.
A resorption of =250% of SRF was considered a positive
anatomical respunse.]“

All statistical analysis was performed using SPSS soft-
ware version 25.0 (SPSS Inc., Chicago, IL) and p values
<0.05 were considered statistically significant. Non-
parametric tests were applied after non-normality of the
sample was confirmed by Shapiro—Wilk test. All values
were presented as mean (+ standard-deviation (SD)) or
median (interquartile range (IQR)) according to the nor-
mality test result. To compare the baseline and post-
treatment BCVA, Wilcoxon signed-rank test was used.

Results

Twenty-six eyes of 22 patients were included. The mean
age was 51.5+12.1 years, in which 20 (90.9%) were male
and 2 (9.1%) were female. Median time from diagnosis
until treatment was 19 (20) months. Included previous
treatments (=6 months) for cCSR were 532-SML in
15.4% (n=4), aldosterone receptor antagonist (spironolac-
tone) in 57.7% (n=15), half-dose PDT in 30.8% (n=8) and
anti-VEGF (aflibercept) in 26.9% (n=7). Seven eyes
(26.9%) were treatment naive. Table 1 shows demographic

Notes: Data were presented as mean + standard deviation in age; gender and
previous treatments as n (%); time until treatment as median (interquartile range).
Abbreviations: HD-PDT, half-dose photodynamic therapy; SML, subthreshold
micropulse laser:

p=0.24) — Figure 1. An average increase of 0.16+0.15
(minimum of —0.1 and a maximum of —0.6) logMAR
BCVA was reported in 42.3% (n=11). An improvement
of =2 lines occurred in 19.2% (n=5) and a decrease of =2
lines occurred in 154% (n=4). Nevertheless, 46.2%
(n=12) had a baseline BCVA superior to +0.2 logMAR.

Overall, the SD-OCT parameters evaluated did not
suffer any changes from baseline to 12 weeks after treat-
ment (Table 2). Using SD-OCT for analysis of the macular
layers, there was a decrease of CMT and SFR. There was
an increase of ONL thickness, CT and a gain of 1Z pre-
sence. None of these changes were statistically significant.
Other external retinal bands (ELM and EZ) did not present
any variation. However, 50% of the patients showed an
SRF resorption. There was an increase of SRF in 23.1%
(n=6). In the group of patients with visual acuity increase,
81.8% (n=9) had a complete anatomic response. In the
group of patients treated in the first 12 months (n=8), 50%
had a complete anatomical response, the same as the group
treated later (n=18) (Spearman’s rho, p=1.00).

We did not document any damage in any external
retinal bands or other complications such as laser-
induced macular neovascularization or scars during the

study period.

Discussion
The main objective of our study was to analyze the

features. efficacy of 532-SML in cCSR. Overall, the results were

Concerning best-corrected visual acuity, the median  disappointing with no median change in visual acuity
BCVA remained at 0.20 (IQR 0) logMAR (z(26)=—1.18, and SD-OCT parameters. Other wavelengths®!*™*
Clinical Ophthalmology 2020:14 submit your manuscript 527
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Figure | Baseline and 12 weeks after 532-SML treatment best-corrected visual acuity (IogMAR). There was no significant difference between the two periods of evaluation.

532-SML: Subthreshold micropulse laser treatment with a 532 nm wavelength.

applied demonstrated slightly better results. SML has
been used as an optional treatment for cCSR.**!3
Advantages over PDT are the availability, less invasive
treatment, fewer side effects and economic issues. For
example, in our department, SML is always available for
treatment whilst PDT requires special approval due to its
cost. We have evaluated the results of 532-SML in some
c¢CSR patients concerning efficacy and complications.
Overall, we had a 50% of anatomic response with no
BCVA variation. Nevertheless, 42.3% (n=9) showed
a BCVA increase in which 81.8% (n=9) had a complete
anatomic response. No damage were collected in any
external retinal bands and no complications or side
effects were registered.

Some studies are well recognized and a review was
performed by Wood et al'® in 2017. In this review, there

was a decrease in mean central macular thickness (80 pm
at 3 months). However, this decrease was not statistically
significant. Mean best-corrected visual acuity increased
about nine letters at 3 months and no study reported
a decrease in visual acuity. No major retinal complications
were observed. In our study, 42.3% of the patients had an
increase in visual acuity (mean of 0.16+0.15 (—0.1 to —0.6)
logMAR) which is about nine ETDRS letters. On the other
hand, our sample had a greater baseline BCVA: > +0.2
logMAR in 46.2% (n=12) of patients which could explain
the non-improvement. There was no statistical difference
in CMT which is in line with other papers with no clini-
cally significant difference. In the review by Wood et al,
the single study that used a 532nm laser was Behnia et al.'”
However, the power titration was 20% instead of 50%
used in our study and it was implemented in acute CSR

Table 2 SD-OCT Parameters at Baseline and After 532-SML Treatment

Baseline Final p-value

Central macular thickness 290.5 um (IQR 78) 264.5 pm (IQR 72) 020
Outer nuclear layer 59 pm (IQR 49) 71.5 ym (IQR 37) 0.10
External limiting membrane (presence) 26 (100%) 25 (96.2%) |
Ellipsoid zone (presence) 21 (80.8%) 21 (80.8%) |
Interdigitation zone (presence) 12 (46.2%) 15 (57.7%) 0.45
Subretinal fluid 26.5 um (IQR 69) 0 pm (IQR 40) 0.12
Choroidal thickness 219 um (IQR 135) 228 pm (IQR 70) 0.696

Notes: There was no statistically difference between any layer before and after 532-SML.

Abbreviation: IQR, interquartile range.
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(<1 month). At the end of the follow-up period, BCVA was
about the same and it was not reproducible for ¢cCSR
patients. Our study has a median time until treatment of
20 months which is a long waiting for treatment. However,
anatomic response was not correlated with time until treat-
ment as observed previously.>'!$

Most studies used a 577 nm or 810 nm wavelength and
a 10-15% duty cycle. Five percent duty cycle were used
by the PACORES group'* and Malik et al.' The
PACORES group presented 92 eyes treated with 577 nm
SML and a 12-month follow-up. Malik et al used an 810
nm wavelength and included 11 eyes with an anatomic
efficacy of 72.7% and varied follow-up duration. This
wavelength was also used in the PLACE? trial which
compared PDT with micropulse laser treatment. They
kept a distance of 500 pm from the foveal center and
repeated treatments were possible after 6 to 8 weeks. No
significant differences between the two groups (SML ver-
sus PDT) were observed based on BCVA, retinal sensitiv-
ity and vision-related quality of life. OCT parameters were
not evaluated. A greater visual acuity improvement and
CMT reduction were observed during the first months after
treatment in most of the studies.*'*'>2°

For reference, 12 weeks seems to be enough to test the
efficacy of this new wavelength in ¢CSR; this time frame
has been used in other studies to understand the response
and to weight other treatment optinns.z"“x‘()"4‘2“ In our
study, there were no significant changes in BCVA which
seem inferior than the other studies that evaluated micro-
pulse laser for ¢cCSR. Also, our patients did not have
a significant change in mean CMT. Nevertheless, baseline
CMT was better than other studies (290.5 um vs 402 pm
vs 326.5 pm vs 369 pum) which can explain the lower
decrease in CMT.'>' Ntomoka et al’ was the only
study that evaluated macular layers besides CMT. In our
study, SRF was also less severe than in other studies (26.5
pm vs 160.5 pm).

A cut-off of for the amount of SRF to be used to treat
¢CSR with SML has not been defined. As a first published
work with 532 nm, we opted not to treat large volumes of
SRF and limited our treatments to patients with an SRF
height less than 100 um. When compared to other studies,
the presence of ELM and IS/OS (inner/outer segment)
(which corresponds to our EZ) was better in our sample,
which may be an indication of less severe disease. CSR as
an RPE disease® and 1Z as the representation of the region
of the distal portion of the cone's outer segment which
indicated contact cylinder with the apposed RPE cell body

is expected that the regulation of the disease can be trans-
lated in more 1Z presence by SML treatment.?! ONL has
been described as a biomarker of better prognosis in
CSR?*™ and 532-SML marginally increased the ONL
thickness in our study, without statistically significant var-
iation. Treatment was applied subfoveally if necessary.

The main limitation of our study is the size and hetero-
geneity of the sample (patients with a wide variety of
previous treatments). A retrospective study has also well-
known limitations.

Still, this is the first time that this wavelength is
reported in ¢cCSR. As a start for a bigger pilot study,
these results could be explored. Even though we did not
find statistically significant changes in overall visual
acuity, 42% of the patients had visual improvements, in
which 81.8% showed a complete anatomic response to
This data that
a subgroup of patients that may benefit from this treat-

treatment. suggests there might be
ment. However, our short sample does not allow a proper
subgroup analysis. A prospective study with longer fol-
low-up and more patients should be done to confirm the
results and conclude which patients could have better out-
comes. It is important to evaluate if this can be an option
to PDT, especially because this may not be available in
many centers. In our study, 532-SML was also used in less
severe patients that were considered for treatment before
great loss of visual acuity and irreversible damage. 532-
SML, as an available treatment for cCSR, needs to be
better evaluated before it can be recommended.

Conclusions

532-SML was ineffective on ¢cCSR as it did not lead to
significant changes in the overall median visual acuity
and SD-OCT parameters.
a place in a subgroup of patients with ¢cCSR. In our

However, it might have

study, 42% of the patients improved anatomically and
visually. Apparently, 532-SML is not harmful so it may
explored as an alternative therapy. It should be consid-
ered in further prospective studies to better evaluate its
efficacy.

Summary

Photodynamic Therapy (PDT) remains the gold-standard of
treatment for chronic central serous retinopathy but other
treatment options have become available as 577 and 810
nm sub-threshold laser (SML), mineralocorticoid receptor
anti-VEGF
Potential advantages of SML over PDT include cost

antagonists  and intravitreal  injections.
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reduction and avoidance of the adverse effects associated
with verteporfin and PDT. There is scarce data about
subthreshold micropulse laser treatment with a 532 nm
wavelength for the treatment of chronic Central Serous
Retinopathy.  Spectral-domain ~ Optical ~ Coherence
Tomography is a non-invasive and useful tool to diagnose
and follow-up these patients. The objective of our work is
to show the results and adverse effects of 532 nm wave-
length SML. The treatment was anatomically successful in

half of the patients.

Abbreviations
532-SML, Subthreshold Micropulse Laser using wave-
length 532 nm; BCVA, Best-corrected Visual Acuity;
CSR, Central Serous Retinopathy; cCSR, Chronic Central
Serous Retinopathy; CMT, Central Macular Thickness; CT,
Choroidal Thickness; ELM, External Limiting Membrane;
ETDRS, Early Treatment Diabetic Retinopathy Study
chart; EZ, Ellipsoid Zone; IS/OS, Inner Segment/Outer
Segment Junction Layer; 1Z, Interdigitation Zone; FA,
Angiography; ICG, Indocyanine Green
IQR, Interquartile Range; logMAR,
Logarithm of the Minimum Angle of Resolution; OCT,

Fluorescein

Angiography;

Optical Coherence Tomography; ONL, Outer Nuclear
Layer; PDT, Photodynamic Therapy; RPE, Retinal
Pigment Epithelium; SD, Standard-Deviation; SD-OCT:
Spectral-domain Optical Coherence Tomography; SML,
Subthreshold Micropulse Laser; SRF, Subretinal Fluid;
VEGF, Vascular Endothelial Growth Factor.
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Baseline visual acuity and interdigitation
zone as predictors in idiopathic epiretinal
membranes: A retrospective cohort study

Tiago Filipe Fernandes'*, Keissy Sousa'?#{, Inés Azevedo’,
Petra Gouveia'(?, Gil?CaIvio-Santos', Nuno Gomes'
and Manuel Falczo?*(?

Abstract

Objective: Determine which functional and anatomical characteristics may be predictors of final visual acuity in patients
with idiopathic ERM (iERM) submitted to pars plana vitrectomy (PPV) with ERM and internal and internal limiting
membrane (ILM) peeling.

Design: Retrospective cohort study.

Subjects: Patients with iERM submitted to PPV between 2016 and 2017.

Methods: Data regarding the best-corrected visual acuity (BCVA) and the characteristics of the retinal layers observed
in SD-OCT were collected preoperatively and until I12months postoperatively. Central macular thickness (CMT),
disorganization of the retinal inner layers (DRIL), outer nuclear layer (ONL) thickness, integrity of subfoveal external
limiting membrane (ELM), ellipsoid zone (EZ), and interdigitation zone (IZ) were evaluated.

Results: A total of 128 eyes with iERM from 121 patients were included. BCVA improved significantly (p <0.001).
Significant improvement of BCVA, CMT, DRIL, ONL, ELM, and EZ were obtained. The final IZ was not different from
baseline until the end of the study. A significant correlation was observed between the baseline BCVA, EZ, IZ, and the
postoperative BCVA (p <0.001). However, only the baseline BCVA and the integrity of the subfoveal baseline IZ were
predictive factors for final BCVA (p < 0.005 and p < 0.001, respectively).

Conclusion: PPV provides a significant improvement of BCVA and retinal anatomy recovery in iERM eyes. Baseline
I1Z didn’t change during the 12 months following surgery. Baseline BCVA and subfoveal IZ at baseline were prognostic
factors for the final BCVA.

Keywords
Epiretinal membrane, retina, pars plana vitrectomy, vitreous/endophthalmitis, retinal pathology/research, anatomy/
biochemistry/physiology

Date received: 21 January 2020; accepted: 10 May 2020

Introduction

Epiretinal membranes (ERM) is a common retinal condi-
tion resulting from the contractile fibrocellular prolifera-
tion over the inner limiting membrane (ILM).'? ERM can
occur without history of any ocular pathology or previous
surgery, being termed idiopathic or primary (iIERM). Those
associated with previous ocular conditions (i.e. central or
branch retinal vein occlusion, diabetic retinopathy, uveitis
or rhegmatogeous retinal defects), trauma or surgery are
called secondary ERM.! A classification of severity of
ERMs taking into account the reflection and the distortion
of the retina surface was proposed by Gass, who described
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three stages: Stage 0 consists of a cellophane maculopathy
with increased light reflex and few retinal distortions. As
the membrane grows it can contract and create superficial
retinal folds (stage 1) or develop massive folds that make
the retina surface look opaque (stage 2)."? These fibrotic
membranes can create tangential traction on the macula
resulting in macular edema, metamorphopsias, and central
vision impairment."?

Multiple studies involving optical coherence tomogra-
phy (OCT) confirmed it to be a quantitative, objective, and
feasible tool in the non-invasive visualization of the anat-
omy of the retina. Spectral-domain OCT (SD-OCT) is
widely used in the diagnosis and assessment of ERM.
Over the years, several SD-OCT classification systems
were proposed based on the patterns of retinal distortion
caused by the ERM. On OCT, ERM appear as a highly
reflective layer over the inner retinal surface. It can be
associated with a loss of the foveal depression, disorgani-
zation of the retinal inner layers (DRIL), increased thick-
ness of the external retina and/or central foveal area,
disruption of the ellipsoid zone (EZ) and of the interdigita-
tion zone (12).%4

Pars plana vitrectomy (PPV) with removal of the ERM
with or without ILM peeling is the standard treatment,
however, clinical outcomes vary. Many studies have
addressed this issue, and several factors have been found
to be associated with postoperative visual acuity, neverthe-
less, the results have not been consistent.'” The main pur-
pose of this study was to characterize and assess the
potential effect of baseline retinal layers and visual acuity
in the post-surgery best-corrected visual acuity (BCVA) of
patients diagnosed with ERM submitted to PPV.

Methods and materials
Participants

A retrospective and longitudinal study was conducted in
the Ophthalmology Department of a tertiary hospital in
Portugal. This study included 128 eyes from 121 patients
that underwent PPV with peeling of the iIERM and the [ILM
between January 2016 and December 2017. This study
was approved by the Human Research Ethics Committee
of the Hospital de Braga and adhered to the tenets of
Declaration of Helsinki. Written informed consent was
obtained from the patient before the surgical procedure.

Procedures

All patients underwent a comprehensive non-invasive eye
exam performed by ophthalmologists as standards of care.
Data regarding age, gender, lens status, and past medical
history were collected. Examination included protocol
refraction BCVA on decimal scale, intraocular pressure
measurement, slit-lamp, dilated fundus examination, and

SD-OCT examination at baseline, month 1, month 3,
month 6, and month 12 post-operatively.

Optical tomography coherence analysis

Spectralis SD-OCT (Heidelberg Engineering, Heidelberg,
Germany) was used to measure retinal thickness and eval-
uate the retinal layers. The OCT imaging technique con-
sisted in obtaining a macular square (20 X 20°) composed
of 25 horizontal B-scans, spaced at 240 um and an axial
resolution of 5 pum. Each B-scan was averaged nine times
(ART 9). Additionally, two high-quality, horizontal and
vertical line scans centered on the fovea were obtained for
cach eye. The presumed foveal center was determined as
the area lacking the inner retinal layers in the macular
region. Central macular thickness (CMT) was determined
automatically by the software as the distance between [LM
and inner surface of the RPE (retinal pigment epithelium)
centered on the fovea. DRIL was defined as the horizontal
extent in microns for which any boundaries between the
ganglion cell-inner plexiform layer complex, inner nuclear
layer, and outer plexiform layer could not be identified.
The ONL thickness was measured manually at the fovea
on the most hyporreflective external layer at the central
fovea, between the outer plexiform layer and the external
limiting membrane (ELM). If any disruption of any nature
of the central foveal millimeter of the ELM, EZ, and 1Z
was observed, it was classified as absent while a complete
integrity was considered as present.

Two independent graders (KS and TF), who were una-
ware of the patients’ clinical information, performed all
the measurements. When the two readers had different
interpretations, a discussion was carried out by a third
grader (MF) to reach a conclusion.

Inclusion/exclusion criteria

Adult patients (=50 years-old) with a diagnosis of iERM
with surgical treatment indication due to decreasing visual
acuity or distortion were included. Exclusion criteria
included concomitant retinal diseases, any other optic
nerve or corneal pathology, poor image quality, lack of
data to continue the study, and the occurrence of intra or
post-operatively complications.

Surgical procedure

Patients were treated with 23G PPV using the
CONSTELLATION Vision System (Alcon Laboratories,
Inc., Fort Worth, TX, USA). A central vitrectomy was per-
formed in all eyes. We used intravitreous triamcinolone
(40 mg/dL, Kenalog) to facilitate visualization and removal
of adherent posterior cortical vitreous. Triamcinolone was
used to help to identify the ERM and Brilliant Blue R® was
used to identify the ILM that were removed in all cases
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with high-magnification visualization provided by contact
lens. ERM was removed using end-gripping forceps
(Alcon Laboratories, Inc., Fort Worth, TX, USA) from the
central macula area up to the vascular arcades. All phakic
eyes combined phacoemulsification with intraocular lens
implantation.

Statistical analysis

Statistical Package for Social Sciences (SPSS) software
version 25.0 (IBM Corporation) was used to statistical
analysis. Visual acuity was converted to the logarithm of
minimum angle of resolution (logMAR) units for statisti-
cal analyses.® The procedure assumption of normality was
verified with Kolmogorov—-Smirnov test. Continuous data
were described as mean (M) = standard-deviation (SD) or
median (Mdn) and minimum to maximum values if it had
normal or non-normal distribution, respectively. Paired
sample T-test, Wilkoxon Signed Rank Test or McNemar
Test were used to compare the previous and final results
on BCVA and the retinal layers. Mann-Whitney U were
applied to compare differences between groups.
Spearman’s rho evaluated correlations between final
BCVA and different variables. Multiple linear regression
using the backward conditional method to exclude possi-
ble confounders was used to figure out if any of the sig-
nificant variables were predictors of visual acuity in ERM
surgery. A p-value < 0.05 was considered statistically sig-
nificant in these exploratory analyses and the effect power
is always presented as possible.

Results

Between January 2016 and December 2017, a total of 232
PPV from 223 patients were coded as ERM. Sixty-two
eyes were classified as secondary ERM and were therefore
excluded. We excluded 42 eyes due to lack of intraopera-
tive confirmation of diagnosis (n=18), data outside from
the studied period (n=6), lack of appropriate follow-up
(n=12), coexistence of optic nerve and corneal pathology
(n=3), and post-operative complications such as retinal
detachment (n=1), endophthalmitis (n=1), and anterior
segment toxic syndrome (n=1).

The study protocol included 128 eyes of 121 patients.
Table 1 showed demographic characteristics and clinical
features of the studied population. A total of 74 (57.8%)
eyes were phakic and were submitted to combined cataract
surgery and PPV.

Isolated surgery versus combined surgery

In the group of pseudophakic patients at baseline, it was
revealed a significant improvement from the initial BCVA
of Mdn=0.5 (0.1-1.30) logMAR to Mdn=0.2 (0-0.7) final
BCVA (Wilcoxon, p<0.001). Similarly, in the combined

3
Table |. Demographic and clinical features of the studied
population.
Characteristics Total of patients p-value
Age (years)
M (SD) 7292 (+7.252)
Median (min, max) 73 (51.91)
Gender
Male—n (%) 61 (50.4%) |
Female—n (%) 60 (49.6%)
Total 121
Characteristics Total of eyes p-value
Laterality
OD—n (%) 66 (51.6%) 0.790
OS—n (%) 62 (48.4%)
Phakic status
Phakic—n (%) 74 (57.8%) 0.092
Pseudophakic—n (%) 54 (42.2%)
Total 128
M: mean; SD: standard d ; n: frequency; %: percentage;

OD: right eye; OS: left eye.

surgery group there was an increase from the initial BCVA
of Mdn=0.5 (0.1-1.30) logMAR to 0.2 (0-1.30) final
BCVA (Wilcoxon, p<0.001). No statistically significant
differences were observed between the visual gains between
the two groups (Mann—Whitney U; p=0.93) and both
groups were combined for the following statistical analysis.
When considering both groups, there was a significant
recovery in BCVA from baseline to 12 months post-opera-
tively from Mdn=0.50 (0.1-1.30) logMAR to Mdn=0.2
(0-1.30) logMAR (Wilcoxon, p <0.001)—Table 2.

Anatomic behavior of retinal layers

There was a significant reduction of 84.5 um on CMT and
of 13um on the ONL. There was a significant improve-
ment in DRIL from 69.1% to 33.9%, ELM from 80.2% to
90.9%, and EZ from 83.8% to 94.2%. It wasn’t recorded
any improvement from baseline IZ during the follow-up
period (from 79.3% to 78.2%)—Table 2 and Figure 1.

Independent correlations between final BCVA
and baseline variables

There was a negative, statistically significant correlation
between BCVA and the baseline subfoveal integrity of
EZ, p <0.001. Also the baseline subfoveal status of the IZ
correlated negatively with BCVA, p <0.001. That means
that the presence of EZ and IZ were correlated with better
visual acuity. Baseline BCVA had a positive correlation
with postoperative BCVA, p<0.001. The other studied
SD-OCT parameters didn’t correlate with the final
BCVA-—Table 3.
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Table 2. Best-corrected visual acuity and retinal layers at baseline and final evaluation.

Baseline Final Statistical test, p-value
Best-corrected visual acuity (logMAR) 0.50 (0-1.30) 0.2 (0-1.30) Wilcoxon, p<0.001*
Central macular thickness 476.1 +87.5 391.6+539 Paired-samples t-test, 95%

C169.2 t0 99.8, p<0.001*
Disorganization of retinal inner layers (% absence) 30.9% 66.1% McNemar, p<0.001*
Outer nuclear layer 103 (0-487) 90 (12-266) Wilkoxon, p<0.001*
External limiting membrane (% presence) 80.2% 90.9% McNemar, p=0.01*
Ellipsoid zone (% presence) 83.8% 94.2% McNemar, p=0.03*
Interdigitation zone (% presence) 79.3% 782% McNemar, p=0.68
There was a significant improvement in all parameters with exception of interdigitation zone, which remains before and after epiretinal membrane
surgery. Median and and values are pr d In best-corrected visual acuity and outer nuclear layer. Mean + standard-deviation
are presented In central macular thickness.
*Statistically significant.
DRIL

i - 80 339
E | s i 69,1
60
3" =
% a0
! | 20
0
e e Baseline DRIL Final DRIL
mNo  Yes

External Limiting Membrane

i 80
T
3 ' . 60 802
i o 90,9
! | . 40
+ ) -
] . Baseline ELM Final ELM
- Yes
Ellipsoid Zone Interdigitation Zone
100 100
80 80
6 o 793 78,2
o 94,2
0 a
Baseline €2 Final €2 Baseline 17 Final 2
aNo  Yes |No  Yes

Figure |. Baseline and final parameters of the evaluated retinal layers.

There was a significant reduction regarding the CMT and ONL. A significant DRIL, ELM, and EZ Improvement were observed. IZ was maintained.
Values from DRIL, ELM, EZ, and IZ are presented as percentage. CMT: central macular thickness; DRIL: disorganization of retinal Inner layers; ELM:
external limiting membrane; EZ: ellipsold zone; IZ: Interdigitation zone; ONL: outer nuclear layer.
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Table 3. Results from correlation tests to assess a possible
correlation between the studied variables at baseline and the
final BCVA.

Correlation test Final BCVA
Correlation p-value
coefficient
Pearson Baseline CMT 0.129 0.199
Pearson Baseline ONL -0.092 0.360
Spearman'’s Baseline DRIL -0.124 0.217
Spearman’s Baseline ELM -0.141 0.082
Spearman’s Baseline EZ -0.327 <0.001*
Spearman’s Baseline IZ -0.318 <0.001*
Spearman’s Baseline BCVA 0410 <0.001*

Visual aculty were correlated negatively with baseline ellipsold and
Interdigitation zone and positively with baseline BCVA. CMT: Central
Macular Thickness; ONL: outer nuclear layer; DRIL: disorganization
of retinal inner layers; ELM: external limiting membrane; EZ: ellipsoid
zone; IZ: Interdigitation zone; BCVA: best-corrected visual acuity.
*Statistically significant.

Predictors of final BCVA

A linear regression model was performed to identify if any
of the variables that were independently correlated with
better final visual acuity and were predictors in the uni-
variate model were also predictors of final BCVA.
Variables included were baseline BCVA, EZ, and 1Z which
contributed to 38%, adj ?=0.38 (p <0.001%*) of the final
BCVA. Only two variables, an intact IZ and baseline
BCVA were considered predictive factors. The presence of
the interdigitation zone at baseline predicts a final visual
acuity improvement of —1.10 logMAR, whilst in patients
in which the interdigitation zone was absent, visual acuity
only improved —0.14 logMAR (p=0.005). A baseline
BCVA of 0.20 logMAR, predicts a final BCVA of 0.10 log-
MAR whilst a patient with an initial BCVA of +1 logMAR
is predicted to have a final BCVA of 0.70 logMAR
(»<0.001). Of these two variables, baseline BCVA was
the most important predictor (unstandardized B of —0.12
for baseline BCVA vs 0.53 for baseline 1Z).

Discussion

The main purpose of this study was to identify predictive
factors for final BCVA after iERM peeling. Multiple studies
are available but the heterogeneity of the included variables
and the different statistical analysis have made it difficult to
compare the numerous and diverse results.>>"'* In our study
we included both functional—preoperative BCVA—and
anatomic features—SD-OCT of the outer retinal layers.
Analyzing all external retinal layers has the potential to help
us identify which patients would benefit most from PPV.
The decision on surgical treatment depends on symptoms
and its duration, visual needs of the patient, age, fellow eye

status, and comorbidities."”® Different authors have evi-
denced the positive effect of PPV with ERM peeling in the
recovery of visual acuity in patients with ERM."2621-24 We
have found an improvement in visual acuity from 0.5 log-
MAR to 0.2 logMAR, which corresponds to an increase of
approximately three lines in the Snellen charts, which was
similar to the results described by other authors in their anal-
ysis.>?*2¢ This increase on BCVA was independent of the
phakic status of the patient, because both phakic and pseu-
dophakic eyes were considered in our sample and no signifi-
cant differences were noted in both pre and post-operative
BCVA (Mann-Whitney U; p=0.93). Concomitant or subse-
quent cataract surgery was also proved to be the same in
terms of refractive error, BCVA, or CMT.?’

Several studies have identified the association between
baseline BCVA and postoperative BVCA as an independ-
ent correlator or as an univariate regression analy-
sis. 0101925 Our results are consistent with these studies
showing a positive predictive value of baseline BCVA in
final BCVA. Even if preoperative lower BCVA lead to a
bigger improvement after PPV, a better baseline BCVA
could lead to a better final vision.

Regarding the anatomical behavior of the retinal layers,
there was an overall improvement in the evaluated retinal
layers. CMT decreased by 84.5 um until the end of follow-
up time. This can arise from the removal of tangential
force exerted by the ERM as noted from other auth
ors.! 222829 However, in this study the CMT was not
proved to be neither a correlative or predictor of postop-
erative BCVA as previously observed.>'® This suggests
that the reduction of light transmission across a thickened
retina is not causative of the decreased vision in ERM, but
it results from morphologic changes in the retina as
referred by W be et al. and Massin et al.**!

The ONL contains the cellular bodies of the photorecep-
tors and changes in the ONL layer may result in transmis-
sion of the insult to the photoreceptors.? This may be caused
by the inner traction forces toward the vitreous that may
lead to the formation of cysts in the ONL and cytoarchitec-
tural changes at the level of the photoreceptors layer.** In
our study there was an overall reduction of 13 pm in the
thickness of the ONL until the end of the follow-up time.
This may suggest a decrease in the size of the cysts as the
tangential forced exerted by the ERM decreases. However,
ONL thickness was not an important predictor of final
BCVA in our study as shown by other authors.'’** ELM and
EZ analysis revealed a global increase in about 10%—15%
of patients during the study period as previously described
by Inoue et al. and other authors.'®*** Neither one of these
layers are predictors of final BCVA, despite several descrip-
tions of more severe pathologies and of longer duration
altering the entire external retina.>'>'7

DRIL as defined as the disorganization of the inner
retina represents the inability of transmission of informa-
tion between photoreceptors and ganglion cells. The
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presence of DRIL decreases in more than 50% of patients
throughout the study period, suggesting that the remaining
tissue has the ability to reorganize the inner retinal layers
as suggested by other authors.'**S However, this reorgani-
zation appears not to be totally effective since DRIL does
not appear to correlate or predict final BCVA. Only the
DREAM study tried to assess if DRIL would be a good
predictor of visual acuity in primary ERM." This study
stated that DRIL correlates with final BCVA and therefore
can be used as a predictive factor of the postoperative
BCVA.'* This disparity can result from the quantitative
and qualitative measures that classify the regularity of the
inner retinal layers and the discrimination between them.

Of all the retinal layers studied, the integrity of the
subfoveal IZ at baseline was the most important factor in
the visual recovery of the patients. The IZ is formed by
the scattering from the tips of cone outer segments,
which are shorter than rods outer segments, consisting of
a sort of communication between photoreceptors outer
segments and RPE cell processes. The disruption of the
1Z is observed in several macular pathologies and is seen
as an carly sign of photoreceptor damage.**’ Patients
whose IZ was absent had no improvement of this layer
after the surgery. This could be due to non-recovering of
this layer or due to surgical manipulation of the ERM or
persistent postoperative inflammation influencing the
photoreceptors alignment as noted by Inoue et al. who
described a temporary disruption of the IZ after sur-
gery.* However, our study also showed that final BCVA
is largely dependent on the integrity of the 1Z: an intact
subfoveal IZ at baseline correlates with better final
BCVA. This suggests that the superficial tangential force
generated by the ERM can alter the interface between
the outer segments of the photoreceptors and the RPE
but only in some cases, it is severe enough to damage the
photoreceptors cell bodies. This could explain the stabil-
ity or low progression of vision decrease in ERM.
Shimozono et al. suggests a hierarchy of vulnerability
between 1Z, EZ, and ELM, with the IZ being the most
susceptible to disruption when photoreceptor damage is
present.” This fact can be illustrated in more vision-
threatening conditions such as age-related macular
degeneration, where the IZ is frequently degenerated
and EZ and ELM are not present in many cases,*® or in
the case of macular holes, where the disruption of the EZ
is more common, whereas the ELM is frequently spared
and IZ recovery is only observed in eyes with an intact
EZ and ELM following surgery.*

Both the status of the baseline EZ, 1Z, and the baseline
BCVA revealed a correlation with the final BCVA.
However, after an univariate analysis, we ran a multivari-
ate regression analysis and baseline BCVA and the status
of the initial IZ proved to be an effective predictor of final
BCVA. Observing the initial visual acuity as the detailed
imaging of the microstructures of the photoreceptors,

particularly of the 1Z, obtained by SD-OCT can help us
determine which patients with ERM would benefit from
surgical treatment with PPV. Other authors have described
the relevance of the IZ in predicting the results of ERM
surgery.'215

Most studies have used independent correlations for
determining the best predictors of final visual acuity.”**6
Most studies in the literature have analyzed the predictive
value of the ellipsoid layer (previously described as the IS/
OS (inner segment/outer segment) junction or the PROS
(Photoreceptor Outer Segment) length (defined as the dis-
tance from the inner surface of IS/OS band to the inner
surface of RPE). Most papers described that the presence
of this SD-OCT band has predictive value for a better final
visual acuity. However, we believe that the sole evaluation
of IS/OS junction or PROS length can be superficial as
pathological abnormalities of the photoreceptors may
affect various retinal bands and not only the ellipsoid layer.
The interaction between all the different layers may prob-
ably help us predict better the final visual acuity of an
iERM patient than the individual analysis of one layer.
From our study, we concluded that if a patient had a pre-
sent ellipsoid layer but a poor interdigitation zone, then his
visual prognosis would be worse than a patient with an
intact interdigitation zone. On the other hand, multiple
studies included analysis of the inner retina but excluded
the external retinal bands. These division of predictive fac-
tors can induce errors in the decision to perform PPV to
iERM pocling].lodLI(;.!‘I.ZZJO.‘}.MJ?,AO A slrcngth of our
study is that we used a multivariate analysis with all indi-
vidualized outer retinal layers and we included the func-
tional features. However we acknowledge several
limitations due to its retrospective nature and patients were
submitted to PPV by different surgeons; still it tries to
reflect the everyday clinical practice.

Conclusion

In conclusion, this study confirms that PPV allows rever-
sal of the anatomical alterations induced by the tractional
forces of the ERM. BCVA and all retinal layers, except IZ
showed an improvement 12 months after ERM peeling. In
patients where the IZ was not present, there wasn’t an
improvement due to macular surgery. This could mean that
it is not expected to recover anatomically and this may
have implications on the visual recovery of the patient.
Furthermore, the baseline BCVA and the integrity of the
subfoveal IZ were shown to be predictors of final BCVA
suggesting that this biomarker could help us determine
which patients would benefit the most from PPV.
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O OCT macular é atualmente um dos meios complementares de diagndstico mais amplamente
utilizados na consulta de oftalmologia. A observacdo de forma ndo-invasiva da anatomia
microscépica da retina tornou possivel um estudo mais detalhado das camadas da retina,
nomeadamente das bandas externas da retina, com os equipamentos mais recentes de alta-
resolucdo.® 1% 27 Tendo em conta os elevados recursos humanos e financeiros inerentes a
patologia retiniana, o seu estudo mais aprofundado pode otimizar o diagndstico, seguimento e
tratamento dos doentes, sendo uma mais-valia para o trabalho didrio. Assim, este projeto tem
como objetivo avaliar o impacto das bandas externas da retina no progndstico das doencas

maculares.

As doencas escolhidas para alvo de estudo tém mecanismos fisiopatoldgicos subjacentes
diferentes entre si. A MER, uma patologia da retina interna que provoca tracdo vitreomacular, a
RP como patologia dos fotorrecetores e a RSC como patologia da cordide e da retina externa
abrangem localizac®es diferenciadoras entre si.®2%5% 7 Foi um desafio poder contar uma histéria
relativa a estas patologias que, ao mesmo tempo, se diferenciam e se unem entre si. O resultado
dos trabalhos realizados mostrou que diferentes camadas da retina externa podem ser

progndsticas nas distintas patologias. >

No d&mbito da RP foram realizados dois trabalhos.*'® 118 O primeiro, foi um estudo transversal com
48 olhos de 22 doentes com RP com o objetivo de avaliar a associacdo das bandas externas da
retina analisadas por SD-OCT com a MAVC (logMAR). Ambos os olhos demonstraram uma boa
correlacdo na MAVC (rs(22)=.95, p<0.001), pelo que para a restante analise foram utilizados os
dados do OE. De todas as camadas analisadas a ZE é a que mais frequentemente esta ausente
(79.2% na ZE versus 70.8% na Zl e 45.8% na MLE). No que respeita as correlagdes independentes,
estd correlacionado de forma positiva com o tempo de diagndstico (rs(20)=0.45, p=0.04) e
histéria familiar (rs(19)=0.44, p=0.048). Todas as camadas do SD-OCT analisadas demonstram

uma correlacgdo negativa com a MAVC (logMAR) - CNE (rs(22)=-0.63, p=0.001), MLE
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(rs(24)=-0.78,p<0.001), ZE (rs(22)=-0.72, p<0.001) e ZI (rs(22)=-0.48, p=0.02). A analise de
regressdo linear demonstrou que a ZE tem uma associacdo com a MAVC (B=-1.23, p=0.002 (Cl
95% -2.25 a-0.20). Isto indica que nas mesmas condicbes, a presenca isolada da ZE melhora 0.37
logMAR a MAVC, comparativamente a outro doente sem ZE.

Foi também realizado um estudo transversal com 58 olhos de 29 doentes com o objetivo de
analisar a simetria das camadas externas da retina, observavel por SD-OCT. A simetria interocular
nesta patologia ja estava descrita como carateristica fundoscopica e reproduzivel na alteragdo
campimétrica, autofluorescéncia e estudo eletrofisioldgico.?*3°> No entanto, a simetria no SD-OCT
ndo estava descrita. Verificou-se boa correlagio da MAVC entre ambos os olhos (r=0.899,
p<0.001). Relativamente as camadas avaliadas por SD-OCT verificou-se concordancia em todas as
analisadas, em que a ZE é a que se apresenta com maior simetria — CNE (rs=0,881; p=0,001), MLE
simétricas em 79.3%, ZE em 89.7% e ZI em 75.9%. O numero de camadas afetadas é também
simétrico entre ambos os olhos. Por ultimo, verificou-se uma associagdo entre a simetria na

MAVC e a simetria nas bandas externas da retina.

Assim, a ZE mostrou-se como preditora da acuidade visual na RP. Pensa-se que esta camada é
formada essencialmente por mitocondrias da camada elipsoide da porgdo externa dos segmentos
internos dos fotorrecetores ou pelas ligacdes dos segmentos internos e externos dos
fotorrecetores.’® 1% A RP é uma patologia lentamente progressiva em que a degeneracdo dos
fotorrecetores e do EPR levam a uma baixa visdo.?” A perda dos fotorrecetores centrais é
carateristica do OCT.?” A medi¢do do comprimento da linha IS/OS (atual ZE) ja tinha sido descrita
para estimar a visdo central residual.?’ A sua diminuicdo é acompanhada da diminuicdo da
sensibilidade retiniana e do agravamento funcional destes doentes.?’ Histologicamente, o
encurtamentos dos segmentos externos dos fotorrecetores sdo o primeiro sinal de disfuncao,
além da densificacdo citoplasmatica, alongamento axonal e morte celular. Estas alteraces sdo
concordantes com alteracdes no OCT. Em diversas patologias retinianas (como na DMI)

demonstrou-se desorganizacdo da linha COST, seguida da linha IS/OS (atual ZE) e finalmente da
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MLE.?” Contudo, o nosso trabalho mostrou a ZE como a camada mais ausente em 79.2% dos
casos, seguida da ZI em 70.8% e por uUltimo a MLE em 45.8%.11® Apesar da linha IS/OS ser a
correspondente a atual ZE, a verdade é que a ZI contém também os células dos segmentos
externos dos fotorrecetores o que pode explicar os nossos resultados. Além disso, Battu et al.
ndo encontrou correlacdo entre a afetacdo da linha COST e a alteracdo da sensibilidade
campimétrica nos doentes com RP, o que leva a equacionar-se que neste caso o mecanismo de
afetacdo tomografico e das bandas externas da retina pode ser diferente da maioria das
patologias retinianas.?* Apesar da ZE ser a preditora da MAVC, esta também estd associada ao
numero de camadas afetadas o que demonstra que a progressdo da patologia pode estar
associada aos achados neste meio complementar de diagndstico, que sdo também simétricos,
como descritos no nosso estudo e em Matsuo et al.** 18 Além disso, a correlacdo do tempo de
diagndstico com a MAVC foi de 8.3% (p=0.04).1%® Seria interessante no futuro poder integrar estes
achados com resultados de outros meios complementares de diagndstico como a avaliacdo
campimétrica, autofluorescéncia ou estudo eletrofisioldgico.?* 4% 4+ 120 Tendo em conta que o
diagndstico da populagdo estudada foi clinico, poderia também ser interessante confrontar os
resultados com os estudos genéticos. Um estudo prospetivo e com seguimento mais prolongado

poderia também suportar os achados e adicionar novas informacdes.

No dmbito da RSC foram publicados dois trabalhos.'*> 2! No primeiro, foi realizado um estudo
coorte retrospetivo que incluiu 61 olhos de 42 doentes com o objetivo de analisar a associagao
entre as bandas externas da retina e a resposta anatdmica apds tratamento com HD-PDT. A
resposta anatdmica foi definida como a reabsor¢do de > 50% do FSR, observado em 75.4% dos
olhos. A acuidade visual final foi estatisticamente significativa melhor no grupo de resposta ao
tratamento (R), comparativamente ao grupo ndo-respondedor (NR) (U=156,z=-3.08, p = 0.002).
Relativamente as varidveis iniciais, a CNE mostrou-se mais espessa no grupo R (43.5+22.9 vs
23.9432.2 um, p=0.01) e as bandas externas da retina demonstraram maior presenca no mesmo

grupo. Estas camadas demonstraram correlacdo independente com a resposta anatémica. No

KEISSY JOSELIN DE JESUS SOUSA 105



TOMOGRAFIA DE COERENCIA OTICA: IMPLICAGOES DA INTEGRIDADE DAS BANDAS EXTERNAS DA RETINA NO PROGNOSTICO DAS DOENGAS MACULARES

modelo de andlise univariada para analise da resposta anatdmica, foram incluidas as seguintes
varidveis iniciais: MAVC, CNE, ZE e ZI. No modelo de andlise multivariada, a CNE foi a Unica que
demonstrou ser preditora da resposta anatdmica (B=1.04, p=0.02, Cl 95% 1.007 a 1.071). Estes
dados indicam que por cada aumento de 10 um na CNE, existe um aumento de 45.7% de

probabilidade na resposta anatémica ao tratamento com HD-PDT.

Ainda no ambito da RSC, foi publicado um estudo coorte retrospetivo que incluiu 26 olhos com o
objetivo de avaliar a eficacia do LMP de 532 nm no tratamento da RSC crénica. Sendo inexistente
a informacdo publicada com o LMP com este comprimento de onda, foi realizada primariamente
a analise da eficacia, antes de se proceder a avaliacdo de possiveis fatores preditores. Nao se
verificaram melhorias da MAVC apds 12 semanas de tratamento e ndo se observaram alteracdo
das camadas da retina avaliadas por SD-OCT: espessura da ECM, CNE, FSR e EC, assim como a
integridade ou disrup¢do da MLE, ZE e ZI. A resposta anatdmica foi comprovada em 50% dos olhos
e em 42.3% verificou-se um ganho de MAVC médio de 0.16+0.15 logMAR. Assim, o LMP 532 nm
na RSC cronica, comprovou-se ineficaz, no entanto, tendo em conta o baixo numero e as
carateristicas dos doentes envolvidos poderd haver lugar para um subgrupo de pacientes que

poderd beneficiar deste tratamento.

Na anélise das diferentes camadas retinianas realizada neste projeto, a CNE foi a que se mostrou
preditora da resposta anatémica na RSC cronica tratada com HD-PDT. Vérios foram os estudos
que mostraram que o tratamento, independentemente do protocolo escolhido, ndo afeta a CNE
e que esta se correlaciona de forma negativa com a MAVC.%% 55586163 A diminuic3o da espessura
indica que os fotorrecetores estdo diminuidos pela apoptose.’” 22 A desintegracdo dos
segmentos externos e a fagocitose pelos macrofagos ou as células microgliais levam a
desestruturacdo dos fotorrecetores e a diminuicdo da espessura da ZE.*® Especula-se que a
reducdo continua da espessura da CNE advém da morte das células dos fotorrecetores apds o

descolamento neurossensorial, através da apoptose, necroptose, autofagia e infiltracdo
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microglial e dos macréfagos.®® Por outro lado, Ersoz et al descreveram que a diminuicdo da
espessura da CNE comeca antes da acumulacdo de FSR devido a isquemia proveniente da
coriocapilar.®® Deste modo, faz sentido que a CNE seja preditora da resposta anatémica ao
tratamento, jd que esta pode ser premonitdria da resposta visual, ndo estando no entanto

diretamente correlacionada.t> 122124

Por outro lado, a resposta visual foi também analisada noutro trabalho realizado.'** A MLE, a ZE
e a EC mostraram-se preditores da MAVC, além da CNE.* A integridade primariamente da MLE
e depois da ZE indicam que o ciclo de destruicdo dos fotorrecetores ndo estd concluido e que a
MAVC ap6s o tratamento poderd ser superior.''® Shimizu et al constataram que a distancia que
inclui as bandas externas da retina esta reduzida nos doentes submetidos a HD-PDT e HF-PDT e
que esta medida se correlaciona com a MAVC.>” Rijssen et al. mostraram também que a CNE, MLE
e ZE estariam correlacionadas com a MAVC.%? Por outro lado, a EC apresentou um impacto
negativo na MAVC final. Tal como referido previamente, pensa-se que esta patologia esta ligada
a hiperpermeabilidade dos vasos coroideus, cuja disrupcdo da circulacdo leva a descompensacao
do EPR com subsequente passagem de fluido para o espaco subrretiniano.®>°% Assim, uma maior
EC pode estar ligada a uma maior alteracdo deste mecanismo fisiopatoldgico e a uma pior MAVC
final. E de realcar que estes resultados foram obtidos a partir da utilizacdo da terapéutica em
meia-dose. A amostra também mostrou uma idade média superior as publicacdes existentes. A
maioria dos trabalhos publicados sdo apresentados com a dose convencional ou em meia-
fluéncia. No futuro, podera ser desejavel realizar a terapéutica antes de ser observdvel o dano
retiniano aparentemente irreversivel que provoca altera¢cdes anatémicas e funcionais. A
comparacao dos doentes cuja toma de corticoide estad associada, assim como o estudo de um

subgrupo de doentes naive podera ser benéfico para comprovar estes dados.

No ambito da MER, foi realizado um estudo coorte retrospetivo que incluiu 128 olhos de 121

doentes submetidos a VPP por MER idiopatica, com o objetivo de analisar a associacdo entre as
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diferentes camadas da retina — ECM, DRIL, CNE, MLE, ZE e ZI - e a MAVC de base como fatores
preditivos da MAVC final.*” Apds 12 meses do tratamento cirldrgico, observou-se uma melhoria
da MAVC e de todas as camadas da retina, exceto a ZI que se manteve como previamente. Na
andlise de correlacdo independente, verificou-se que a presenca da ZE (p<0.001) e da ZI (p<0.001)
esta correlacionado com uma MAVC final e que existe uma associacdo positiva entre a MAVC
inicial (p<0.001) e final. No entanto, a andlise multivariada mostra que a Z| (p=0.005) e a MAVC
iniciais (p<0.001) sdo os biomarcadores para uma melhor visdo apds a VPP. Assim, a presenca da
Z| prediz uma melhoria da MAVC de -1.10 logMAR, comparativamente a auséncia desta camada
gue prediz uma melhoria de -0.14 logMAR. Se um paciente tiver uma MAVC inicial de 0.20
logMAR, pode estimar-se uma MAVC final de 0.03 logMAR, comparativamente a uma MAVC

inicial de 0.8 logMAR que se estima uma MAVC final de 0.29 logMAR.

A ZI foi a camada retiniana preditora das MER. Nesta patologia, as forcas tracionais geradas por
esta podem alterar a interface entre o topo dos segmentos externos dos fotorrecetores e o EPR
(correspondente & zona ZI) sem dano severo dos fotorrecetores.?” S3o inimeros os trabalhos
publicados em que se tentam mostrar os fatores preditivos na cirurgia de MER.X® A MAVC prévia
é a mais consistentemente encontrada.’’ 109 107,108 Ng entanto, as varidveis estudadas n3o

englobam o estudo de toda a drea macular como o realizado neste projeto.

Shiono et al. demonstrou que a distancia dos segmentos externos dos fotorrecetores (PROS) -
queincluiaZE e a Zl - é preditora da MAVC aos 6 meses em doentes submetidos a cirurgia macular
por MER, excluindo a MAVC prévia.’®® No entanto, esta medida é menos especifica do que a
utilizada no nosso trabalho em que se particularizaram as diferentes bandas da retina externa.
Jeon et al. e Cho et al. mostraram uma associacdo da retina interna com a MAVC apds VPP. No
entanto, a medida utilizada para avaliar a retina externa foi horizontal na drea subfoveal e numa
avaliacdo em que correlacionava o comprimento da CPl com o EPR.°¥ 1% No entanto é curioso

que se verificou uma correlacdo independente com a integridade da ZI e a MAVC. 9 108 A falta de
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coeréncia na forma de avaliacdo das bandas externas, o nimero de doentes envolvidos, o periodo
de seguimento e o equipamento escolhido para andlise poderad ser o principal fator para a

diferenca dos resultados obtidos.’

Varios autores ja descreveram uma maior recuperacao visual quando existe a presenca de ZE
observada no TD-OCT na cirurgia do buraco macular.?”~12> Na mesma cirurgia, foi descrita que a
recuperacdo das bandas externas da-se da regido interna para a externa (MLE, ZE e ZI) observavel
no SD-OCT.% Na transposi¢do dos resultados para a cirurgia de MER, esta pode ser a justificacdo
para que a Zl tenha sido a Unica banda preditora da MAVC final nos doentes operados a MER. Por
outro lado, em cirurgia macular por edema macular diabético, existem estudos que mostram a
MLE como maior preditora da MAVC.'%® Neste caso, a presenca das células de Muller nesta
camada e a sua funcdo como barreira sdo explicativas deste resultado. Por outro lado, as grandes
alteracGes estruturais retinianas devido ao edema macular severo, pode ocultar a observacdo das

bandas mais externas, o que podera enviesar os resultados finais.*?®

No que respeita ao impacto cirdrgico nas camadas da retina, verificamos que existe um ganho
em todos os pardmetros incluidos, exceto na ZI. E de esperar que os doentes que tenham
auséncia da integridade foveal da ZI, ndo a recuperem depois da cirurgia e que o a MAVC final
seja menor. Hashimoto et al mostraram existir um ganho na distancia de PROS apds VPP por MER
idiopatica. Tal como referido previamente, a inclusdo da ZE e da ZI na mesma camada pode

enviesar estes resultados.'®

Seria interessante poder integrar os resultados tomograficos com outros meios complementares
de diagndstico, como a autofluorescéncia, microperimetria e estudo eletrofisioldgico.* %% 127 A
comparacao das medidas de PROS com a avaliacdo especifica das bandas externas, assim como
um maior detalhe na classificacdo das mesmas, poderia ser interessante para comprovar estes

resultados.
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O projeto realizado envolveu uma andlise retrospetiva de trés patologias retinianas com
mecanismos fisiopatoldgicos distintos. A analise retrospetiva tem as desvantagens conhecidas
como a limitagdo dos dados disponiveis mas tem a vantagem do reconhecimento da préatica
clinica realizada diariamente. Para cada uma das patologias apresentadas, demonstrou-se que as

bandas externas da retina podem estar envolvidas como biomarcadores de progndstico.

Parece compreensivel que a RP como patologia que se inicia pela degeneracdo dos fotorrecetores
e do EPR tenha a ZE, formada essencialmente por mitocondrias da camada elipsoide da porc¢do
externa dos segmentos internos dos fotorrecetores ou pelas ligacdes dos segmentos internos e
externos dos fotorrecetores, como fator preditivo principal. Por outro lado, a RCS como patologia
de hiperpermeabilidade dos vasos coroideus e disrup¢cdo do EPR apresenta a CNE como fator
preditor de resposta anatdomica ao tratamento com HD-PDT. Neste ambito, é de notar que a
isquemia proveniente da coriocapilar, assim como a permanéncia do FSR levem a uma reducao
continua da espessura da CNE através da apoptose, necroptose, autofagia e infiltracdo microglial
e dos macrdéfagos. Por Ultimo, a MER é uma patologia da interface vitreorretiniana que pode levar
a alteracGes de toda a citoarquitetura retiniana pela forca tangencial da mesma. Assim, a ZI como
biomarcador progndstico pode ser explicado pela afetacdo da interface entre o topo dos

segmentos externos dos fotorrecetores e o EPR (correspondente a zona ZI) causada pela MER.

E de realcar que a retina como estrutura altamente complexa, organizada por camadas, cada uma
com uma funcdo especifica na transformacédo do estimulo luminoso em um impulso nervoso pode
ser globalmente afetada mesmo quando as patologias parecem afetar dreas especificas da
mesma. As bandas da retina externa tém sido relacionadas com a funcdo visual em diversas
patologias.’® 128 Pelo trabalho desenvolvido observa-se que as diferentes patologias afetam de
forma diferente as bandas da retina externa. E importante ressalvar que as bandas da retina

externa pertencem a um complexo fotorreceptor neurdnio altamente diferenciado e que querer
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apontar o processo fisiopatoldgico a uma sé banda é com certeza redutor. Uma anadlise cuidada

das mesmas pode trazer-nos beneficio na orientagdo terapéutica dos doentes.
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Nossa referéncia: 132/2017 W__ L_ C._/&)\

Relator: Juan R Garcia >> o /16 “;

Parecer emitido em reunifio ordindriz de 17 de outubro 2017

Nos termos dos N2 1 e 6 do Artigo 162 da Lei N 21/2014, de 16 de Abril, a Comiss3o de Etica
para a Satide do Hospital de Braga (CESHB), emite o seguinte parecer relativo ao estudo “A
Tomografia de Coeréncia Otica: ImplicacSes da Integridade dus Bandus da Retina Externa”, de que
é investigador principal Keissy Joselin de Jesus Sousa, Assistente hospitalar de Oftaimologis,
orientador o Prof. Dr. Manuel Albertoc Aimeida Sousa Faicdo, Assistente Hospitaiar do Centro
Hospitalar de S. lodo; e coorientador o Dr. Fernando Vaz, Diretor do Servico de Oftalmologia do

Hospita! de Braga e que decorrerd no mesmao Servico.

A Tomografia de Coeréncia Gtica é uma tecnoiogia nio-invasiva gue utiliza a luz para a
obtengio da imagem, através da refietividade diferente, de acordo com os tecicos analisados. Com
0s equipamentos atuais tem-se vindo a aprimorar 2 andlise qualitativa (morfeiogia  refletividade) e
guantitativa {espessura, mapeamento e voiume) da arquitetura retiniana. Os estudos realizados
tentam correlacionar os pardmetros gqualitativos e guantitativos com as diversas patologias
retinianas. Uliimamente, a andlise da camada de iotorreceptores demenstrou ter uma maior
correlagdo com a acuidade visual gue a espessura retinians, o que a torna como um methor preditor
das doengas que afetam a macula.

Com este estude pretende-se rezlizar uma tese doutcramento, baseada na Tomcgrafia de
Coeréncia Otica e na Retina Externa da #rea macular. As painlogias envolvidas no estudo sdo trés
entidades com fisiopatologia totaimente diferentes, cujo atingimento comum € a macula. 530 a
Membrana Epirretiniana {(MERj, a Corioiretinopatia Sercsa Central (CSC) e a Retinopatia Pigmentar

{RP).
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Objetivos do estudo: Avaliar os fatores prognéstico e correlacionar a acuidade visual com as

diferentes camadas da retina externa em diferentes patologias retinianas, através do OCT.

0 desenho é de estudo observacional com anélise retrospetiva dos doentes do Servigo de
Oftalmologia mediante consulta do Processo clinico dos doentes: submetidos a vitretomia via pars
plana por Membrana Epirretiniana em 2016 e 2017; submetidos a Terapia Fotodinamica (PDT) e
laser micropulsado (LMP) por Coriorretinopatia Serosa Central, desde 2015 inclusive; e doentes com

Retinopatia Pigmentar, com seguimento minimo de 5 anos na consulta de Oftalmologia.

Os critérios de inclus3o e exclusio s3o adequados e suficientes para os objetivos propostos,
nomeadamente exclusdo de outras patologias retiniana, corneana, glaucoma ou neuropatia ética, e

necessidade de OCT macular no pré e pés-operatério.

A amostragem serd consecutiva. O cdlculo de n2 de amostragem estatisticamente significativo foi:

para a MER n=246; para a CSC n=50, e para a RP n=17.

As varidveis a registar dizem respeito a sexo, idade, e patologias prévias nomeadamente de carater

oftalmolégico.

Todo o projeto seré realizado com anonimizacdo de modo 2 garantir a confidencialidade dos dados

em estudo.

A anslise estatistica serd realizada no programa SPSS® Statistics v24, corresponderd a

adequada para estudos observacionais, e 0 p<0.005 seré considerado estatisticamente significativo.

A cronologia do Estudo seré o seguinte: em 2017, colheita de dados relativos aos doentes com MER
em 2016; em 2018, relativos aos doentes com CSC desde 2015 e dos doentes com MER em 2016;
em 2019, colheita de dados dos doentes com RP. Paralelamente, serdo enviados para publicacdo,
em revista especializada, artigos referentes as patologias comtempladas.

De sublinhar a informac3o do Diretor do Servico, que afirma “a importancia deste trabalho na drea

da retina médica e cirtrgica, com implicagdes futuras no prognéstico e na orientac3o diagnéstica e

terapéutica das patologias envolvidas”.
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0 estudo cumpre com as regras de boas praticas de investigagdo clinica, e foi aprovado pela

Comiss3o de Etica para a Sadde.

O Presidente d]] CESHB

r

(Dr. Juan R#ardﬂ/‘
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