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INTRODUGAO:

A Degeneragdao Macular Relacionada a Idade (DMRI) é considerada,
atualmente, a maior causa de cegueira legal nos paises industrializados."*
Estudos revelam que a prevaléncia da DMRI pode ocorrer em 1,2% dos
pacientes com menos de 65 anos de idade, 7% entre 65 e 74 anos e,
aproximadamente, em 20% dos pacientes com idade superior aos 75 anos.*®
Globalmente, é a terceira causa de cegueira legal, representando 8,7% dos
casos.® A perda visual ocorre principalmente nas formas avancadas da
doenca.” A DMRI exsudativa ou neovascular é caracterizada pelo crescimento
de vasos coroideanos neoformados, associado ao vazamento de fluidos,
lipides e sangue na retina sensorial e, consequentemente, a formacédo de

cicatriz fibrosa na macula.®

A angiografia com indocianina verde (AICV) é um exame de imagem
com luz infravermelha, que penetra através do epitélio pigmentar retiniano e
permite a identificagdo e o estudo detalhado dos vasos coroideanos.’® A
utilizacdo da AICV permitiu o reconhecimento da DMRI neovascular como
amplo espectro de doencas que inclui lesdes distintas, tais como a
vasculopatia polipoidal coroideana (PCV) e a proliferagdo angiomatosa
retiniana (RAP),"®"" afeccdes essas com caracteristicas peculiares e distintas,
além das lesdes neovasculares tipicas. O advento da tomografia de coeréncia
optica (OCT) proporcionou analises em alta resolugdo de cortes transversais

da retina, enriquecendo a compreenséo dos subtipos de DMRI."?

Em estudo recente, nosso grupo de pesquisa avaliou uma amostra
brasileira com ascendéncia predominantemente caucasiana e polimorfismos
genéticos semelhantes aos observados em pacientes americanos e europeus.
Do total de 265 olhos avaliados, 166 (62,6%) foram diagnosticados com DMRI
tipica, 65 (24,5%) com PCV e 34 (12,8%) com RAP."

Os agentes anti-fator de crescimento do endotelial vascular (VEGF), tais
como bevacizumabe, ranibizumabe e aflibercepte sdo o padrdo-ouro para o

tratamento da DMRI neovascular.” No entanto, alguns pacientes sdo nao
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respondedores, mostrando resisténcia aos agentes anti-VEGF.'"'® Estudos
recentes avaliaram a importancia de polimorfismos genéticos e sugeriram que
alguns polimorfismos estdo associados a uma resposta terapéutica suboptima

em alguns pacientes com DMRI. 718

Poucos estudos avaliaram a influéncia da adesao vitreomacular (AVM)
na resposta ao tratamento com agentes anti-VEGF."®'%%" A maioria deles
sugeriu que os olhos com AVM apresentaram pior acuidade visual (AV) ou
necessitaram de mais injegdes intravitreas. A maioria desses estudos envolveu
amostras de populacdo que incluiram todos os subtipos de DMRI, inclusive a
PCV. E sabido que a PCV pode ser relativamente resistente ao anti-VEGF
isoladamente, razao pela qual tem sido proposto que seu tratamento envolva a
associacdo de terapia fotodinamica ao anti-VEGF.? Adicionalmente, um estudo
prévio analisou pacientes com PCV separadamente e mostrou que, ao
contrario da DMRI forma tipica, a AVM nao estava associada ao progndstico

visual. %°

Seria assim desejavel que, para avaliar a importancia da interface
vitreomacular na resposta aos anti-VEGF, os pacientes com DMRI fossem

avaliados sem a inclusao de pacientes com PCV.

Com isso, resolvemos realizar o primeiro trabalho com o objetivo de
investigar prospectivamente o efeito da AVM sobre o resultado do tratamento
anti-VEGF em pacientes com DMRI neovascular sem a inclusao de pacientes
com PCV por seu comportamento clinico especifico e abordagem terapéutica

diferente.

A adesao vitreomacular (AVM) parece ser um fator importante no
desenvolvimento de patologias maculares, incluindo a DMRI.*® Estudos
anteriores consideraram a AVM persistente como possivel fator de risco para o
desenvolvimento da DMRI neovascular, enquanto o descolamento do vitreo
posterior (DVP) parece proteger contra essa forma da doenca. 2" Uma analise
recente de estudo multicéntrico, randomizado, duplo mascarado, também

mostrou que a configuracao da interface vitreomacular (IVM) parece ter efeito



12

importante no progndstico visual e necessidade de retratamento em casos de
DMRI neovascular. Pacientes com DVP necessitaram de menor numero de

tratamentos do que pacientes com adesao vitreomacular.'®

Ainda nao esta estabelecido se a injegao intravitrea de inibidores do
VEGF, por si e isoladamente, pode induzir DVP. Apenas um estudo prévio
tinha avaliado sua ocorréncia apos injecdo de drogas intravitreas para
diferentes patologias maculares e mostrou que esse procedimento pode
favorecer a ocorréncia de DVP.%* Portanto, o DVP possivelmente induzido por
injecado intravitrea poderia beneficiar a resposta ao tratamento. Por essa razéo,
resolvemos realizar o segundo trabalho com o objetivo de avaliar a incidéncia
de DVP induzida por inje¢des intravitreas de agentes anti-VEGF em casos de

DMRI neovascular.

Avangos na tomografia de coeréncia éptica de dominio espectral (OCT-
SD) facilitaram a formacdo de imagens transversais da retina com resolugao
adequada, o que melhorou nossa compreensdo dos subtipos de DMRI."*'2 A
imagem detalhada da secgéo transversal da coroide também foi recentemente
obtida pelo uso do dispositivo com imagens de profundidade aumentada
(EDI).** Nos casos de DMRI neovascular, a medicdo da espessura da coroide
por esse método parece ser importante n&do apenas para o diagndstico, mas

também para a avaliagdo da intervengao terapéutica.>*>°

Em alguns estudos, os pacientes com DMRI apresentaram espessura de
coroide reduzida em comparacdo ao grupo controle.*®*" Além disso, diferentes
subtipos de DMRI tém caracteristicas distintas. Recentemente, alguns
pesquisadores relataram que a espessura subfoveal da coroide (ESC) é maior
nos olhos com PCV que nos olhos com DMRI forma tipica.**** Além disso, os
olhos com RAP tiveram uma ESC significativamente mais fina em comparagao
aos olhos normais. Caracteristicas desses casos podem estar relacionadas ao
mecanismo patolégico da RAP.** Alguns estudos avaliaram a espessura da
coroide apods tratamento com agentes antiangiogénicos, mas com resultados

controversos,37394142454647.48 pacantemente, a ESC foi relatada como fator
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preditivo para o prognostico visual e a resposta ao tratamento na DMRI
neovascular forma tipica.*® Até onde sabemos, nenhum estudo prévio avaliou a
relacdo entre ESC e o progndstico visual em diferentes subtipos de DMRI.
Considerando esses fatos, idealizamos o terceiro trabalho com o intuito de
avaliar a mudanga na ESC apds o tratamento antiangiogénico nos subtipos de
DMRI e avaliar a relagao entre essas alteragdes e o prognostico visual durante

o periodo de doze meses de seguimento utilizando EDI-OCT.
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OBJETIVOS DO PRIMEIRO TRABALHO:

PRINCIPAL:

- Investigar prospectivamente a influéncia da AVM na resposta
terapéutica do tratamento anti-VEGF em pacientes com DMRI
neovascular sem a inclusdo de pacientes com PCV por seu

comportamento clinico especifico e abordagem terapéutica diferente.
SECUNDARIO:

-Detectar eventuais diferencas na AVM de acordo com caracteristicas
dos pacientes como idade, sexo, estado do cristalino, tabagismo e tipo

de tratamento.

O primeiro trabalho “Influence of vitreomacular adhesion on anti-vascular
endothelial growth factor treatment for neovascular age-related macular
degeneration” foi publicado na revista Ophthalmic Research em 2017 e

encontra-se a seguir precedido pelo seu resumo em portugués.
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RESUMO DO PRIMEIRO TRABALHO:

TITULO: Influéncia da adesdo vitreomacular na resposta ao tratamento com
agentes anti-VEGF na degenerag&o macular relacionada a idade (DMRI) forma
neovascular.

OBJETIVO: Investigar o efeito da adesao vitreomacular (AVM) sobre o
resultado do tratamento antiangiogénico na degeneragdo macular relacionada
a idade (DMRI) neovascular.

MATERIAL E METODOS: Noventa e nove olhos de 83 pacientes foram
incluidos nesse estudo de coorte. Avaliaram-se prospectivamente a melhor
acuidade visual corrigida e a espessura macular central (EMC) em pacientes
com DMRI neovascular no inicio do estudo, um, dois, trés, seis e doze meses
apos o tratamento com agentes anti-fator de crescimento endotelial vascular
(VEGF). Todos os pacientes foram estratificados por tomografia de coeréncia
Optica de dominio espectral em dois grupos: AVM (+) e AVM (-), de acordo com
a presenca ou auséncia de AVM, respectivamente, e a resposta ao tratamento
foi avaliada.

RESULTADOS: Cinquenta e quatro olhos (54,5%) foram incluidos no grupo
AVM (-) e 45 olhos (45,5%) no grupo AVM (+). Em comparagdes pareadas de
AV entre o baseline e cada visita de seguimento (um, dois, trés, seis e doze
meses), o grupo AVM (-) apresentou melhora estatisticamente significativa nos
meses 1, 2 e 3 quando comparado ao baseline e a AV melhorou
significativamente apenas no més 3 no grupo AVM (+). Para ambos os grupos,
comparagdes pareadas de EMC mostraram diminuicdo estatisticamente
significativa quando os dados obtidos nos meses 1, 2, 3, 6 e 12 foram
comparados ao valor basal (p<0,05).

CONCLUSOES: A AVM posterior esta associada a pior resultado de curto
prazo em pacientes com DMRI neovascular tratada com agentes anti-VEGF.
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Abstract

Purpose: To investigate the effect of vitreomacular adhesion
(VMA) on the outcome of antiangiogenic treatment for neo-
vascular age-related macular degeneration (AMD). Meth-
ods: Ninety-nine eyes of 83 patients were used in our cohort
study. We prospectively evaluated best corrected visual acu-
ity (BCVA) and central retinal thickness (CRT) in patients with
neovascular AMD at baseline and 1, 2, 3, 6, and 12 months
after treatment with anti-vascular endothelial growth factor
(anti-VEGF) agents. All patients were stratified by spectral
domain optical coherence tomography into 2 groups (i.e.,
VMA[+] and VMA[-]) according to the presence or absence
of VMA, and the response to treatment was evaluated. Re-
sults: Fifty-four eyes (54.5%) were included in the VMA(-)
group and 45 eyes (45.5%) comprised the VMA(+) group. In
paired comparisons of mean BCVA between baseline and
each follow-up visit (1, 2, 3, 6, and 12 months), the VMA(-)
group showed statistically significant improvement at 1, 2,
and 3 months compared to baseline, and BCVA significantly
improved only at 3 months in the VMA(+) group. For both

groups, paired comparisons of CRT showed a statistically sig-
nificant decrease when data obtained at 1, 2, 3, 6, and 12
months were compared to baseline values (p < 0.05). Con-
clusions: Posterior VMA is associated with a worse short-
term outcome in patients with neovascular AMD treated

with anti-VEGF agents. ©2017S. Karger AG, Basel

Introduction

Age-related macular degeneration (AMD) is the lead-
ing cause of blindness in industrialized countries [1]. Ear-
ly AMD is characterized by drusen and/or pigmentary
abnormalities, whereas the late (advanced) form of AMD
can lead to severe visual impairment and can be classified
as atrophic (geographic atrophy) or neovascular [2]. Neo-
vascular AMD has more recently been recognized as a
broad spectrum of diseases that includes distinct subtypes
such as polypoidal choroidal vasculopathy (PCV) and
retinal angiomatous proliferation (RAP) [3, 4]. The
pathogenesis and risk factors for the development of
AMD are not completely understood [5]. Previous stud-
ies have described the relationship between the posterior
vitreous and the macula in AMD. Persistent vitreomacu-

©2017 S. Karger AG, Basel
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lar adhesion (VMA) is considered a risk factor for the
development of neovascular AMD, whereas posterior vit-
reous detachment (PVD) may protect against this form
of the disease [6-8]. However, the association between
VMA and PCV is not evident [9].

Abnormal VMA may also play a role in the response
to treatment of neovascular AMD. Anti-vascular endo-
thelial growth factor (anti-VEGF) agents, such as beva-
cizumab, ranibizumab, and aflibercept, are the gold stan-
dard for treatment of neovascular AMD [10]. However,
some patients are nonresponders, showing resistance to
anti-VEGF agents [11]. For juxtafoveal and subfoveal
PCV, a recent guideline suggested that this form of the
disease should be treated with combination treatment us-
ing photodynamic therapy and anti-VEGF in order to
provide a synergistic effect of angio-occlusion and anti-
angiogenesis [12]. Genetic and vitreomacular interface
studies have been conducted to determine which eyes re-
spond better to treatment [13, 14].

Few studies have evaluated the influence of VMA on
the response to anti-VEGF agents [15-24]. Most of them
suggested that eyes with VMA had worse visual outcomes
or required more intravitreal injections. The majority of
these studies involved population samples that included
all AMD subtypes. Just one previous study analyzed pa-
tients with PCV separately and showed that, unlike typi-
cal AMD, VMA was not associated with the visual out-
come [17].

The aim of the present study is to prospectively inves-
tigate the effect of VMA on the outcome of anti-VEGF
treatment in patients with neovascular AMD without the
inclusion of patients with PCV because of their specific
clinical behavior and different first-line therapeutic ap-
proach.

Methods

Study Design

All of the subjects of this prospective study were informed of
the nature of the study, and the research adhered to the tenets of
the Declaration of Helsinki. The ethics committees of both the In-
stitute of Vision and the Federal University of Minas Gerais in Belo
Horizonte, Brazil, approved this study.

Patients

All patients with AMD diagnosed from March 2009 to Decem-
ber 2014 at the Institute of Vision underwent a complete ophthal-
mologic examination, including slit lamp biomicroscopy, color
fundus photography, fluorescein angiography, and optical coher-
ence tomography (OCT). Inclusion criteria were: (a) age 250
years; (b) diagnosis of neovascular AMD; (c) indication for treat-
ment with bevacizumab, ranibizumab, or aflibercept in either eye;

VMA and Response to Therapy in
Neovascular AMD

(d) follow-up for a minimum of 12 months; and (e) visual acuity
>20/400. Exclusion criteria were: (a) patients with PCV; (b) cho-
roidal neovascularization secondary to any cause except for AMD;
(c) concomitant inflammatory ocular disease; (d) eyes that had
undergone vitrectomy; (e) eyes with other conditions known to
affect the vitreomacular interface, such as retinal vascular disease,
pathologic myopia, and diabetic retinopathy; (f) patients with vit-
reomacular traction syndrome as defined by the International Vit-
reomacular Traction Study [25]; and (g) other ocular conditions
that may affect visual acuity.

AMD Subtypes

Indocyanine green (ICG) angiography was performed when
neovascular AMD subtypes PCV and RAP were suspected. The
diagnostic criteria for PCV were based on a previous study and
included data from the fundus examination, ICG angiographic
findings, or both [26]. Definite cases of PCV should have early
subretinal focal ICG angiogram hyperfluorescence (i.e., hyper-
fluorescence appears within the first 6 min after the ICG injec-
tion) and at least one of the following angiographic or clinical
criteria: (a) the hyperfluorescence is associated with a branching
vascular network; (b) presence of a pulsatile polyp; (c) a nodular
appearance when viewed stereoscopically; (d) the presence of a
hypofluorescent halo in the first 6 min; (e) the presence of orange
subretinal nodules in the stereoscopic color fundus photograph;
and (f) the hyperfluorescence is associated with massive submac-
ular hemorrhage (defined as a hemorrhage of at least 4 disk ar-
eas). The diagnostic criteria for RAP were based on a previous
study and included data from the fundus examination, a fluores-
cein angiography, and a ICG angiogram [4]. Definite cases should
have the following findings: (a) preretinal, intraretinal, or sub-
retinal hemorrhages; (b) intraretinal edema; (c) the presence of
retinal dilated perfusing arterioles or draining venules or the
presence of serous pigment epithelium detachment; and (d) the
presence of focal ICG angiogram hyperfluorescence (i.e., “hot
spot”) and a retinal-retinal anastomosis or a retinal-choroidal
anastomosis. Patients with neovascular AMD without signs that
would lead to a diagnosis of PCV or RAP were diagnosed with
typical AMD.

Anti-VEGF Treatment

Intravitreal anti-VEGF injections were performed using bev-
acizumab (1.25 mg/0.1 ml, Avastin®; Genentech Inc.), ranibiz-
umab (0.5 mg/0.05 mL, Lucentis®, Genentech Inc.), or afliber-
cept (40 mg/ml, Eylea®; Bayer). All intravitreal anti-VEGF injec-
tions were performed in the operating room, with an aseptic
technique, including the prophylactic use of topical iodopovi-
done 5%. All patients were subjected to a treatment protocol that
included a loading dose with 3 intravitreal injections at 1-month
intervals. After the third dose, they followed a pro re nata reg-
imen. The criteria for administration of bevacizumab versus
ranibizumab versus aflibercept was defined by the retinal special-
ist. Retreatment criteria were: (a) persistence or increase of intra-
or subretinal fluid; (b) increase in RPE detachment; (c) worsen-
ing of at least one line of visual acuity; and (d) new subretinal
hemorrhage. Furthermore, after the first injection, there was the
possibility of exchange of the intravitreous drug in some cases.
All intravitreal injections were performed by a single retinal spe-
cialist (M.B.N.).

Ophthalmic Res 2017;58:18-26 19
DOI: 10.1159/000459626
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Table 1. Baseline characteristics of patients with neovascular AMD according to the presence of VMA

VMA(+) VMA(-) p value

Age (median), years 70.3+10.0 (79) 75.6+7.0 (76.5) 0.020?
Gender (M/F) 24/21 18/36 0.06°
Cigarette smokers (yes/no) 10/35 16/38 0.60?
Lens status (phakic/pseudophakic) 29/16 31/23 0.53
Type of AMD (typical AMD/RAP) 40/5 46/8 0.767°
Treatment (bevacizumab/ranibizumab/Eylea) 19/25/1 27/22/5 0.06°
Baseline BCVA (logMAR) 0.49+0.29 0.52+0.28 0.622
Median baseline BCVA (logMAR) 0.50 (0.30-0.65%) 0.50 (0.30-0.90)

Baseline CRT, um 357.62£111 333.50+£97 0.184*

Median baseline CRT, um

337.00 (290.00-397.5°)  302.50 (260.75-379.50)

Values are presented as means + SD or ratios unless otherwise stated. AMD, age-related macular degenera-
tion; BCVA, best-corrected visual acuity; CRT, central retinal thickness; F, female; logMAR, logarithm of the
minimal angle of resolution; M, male; RAP, retinal angiomatous proliferation; VMA, vitreomacular adhesion.

Mann-Whitney test. b Figher test.© Q1 to Q3.

Detection of VMA

All eyes were classified into 2 groups based on spectral domain
OCT (Spectralis OCT™; Heidelberg Engineering, Heidelberg,
Germany) analysis: VMA present and VMA absent. The VMA(+)
group included patients who presented adhesion of the posterior
hyaloid involving the macular region (area: 8.8 x 5.9 mm, 30° x 20°,
25-scan pattern). Patients with VMA were classified according to
the diameter of the vitreous attachment to the macular surface mea-
sured by OCT, with attachment of 1,500 um or less defined as focal
and attachment of more than 1,500 pm as broad. The VMA(-)
group included patients with a detached posterior hyaloid. If the
vitreous boundary was not visible in the entire scan set, anteposi-
tion of the boundary beyond the scanning range was assumed, and
the patient was considered to have PVD and was included in the
VMA(-) group. Certified OCT technicians acquired the OCT
scans, and 3 retinal specialists (T.C.M.K., C.E.V.,and M.B.N.) ana-
lyzed the results. Each retinal physician was masked to the classifi-
cation determined by the other. If there was any disagreement, they
evaluated the data simultaneously and came to a consensus.

Visual Acuity and Central Retinal Thickness Measurement

Best-corrected visual acuity (BCVA) and central retinal thick-
ness (CRT) were measured at baseline and 1, 2, 3, 6, and 12 months
after the initial anti-VEGF treatment. BCVA was determined us-
ing a Snellen chart and then converted to a logarithm of the mini-
mal angle of resolution values. CRT was measured based on the
central 1-mm subfield thickness obtained from the spectral do-
main OCT analysis. Automated segmentation of retinal bound-
aries was used, and in case of any segmentation error it was cor-
rected manually.

Statistical Analysis

Categorical data were assessed using the x* or Fisher test. The
study data were tested for a normal distribution using the Shapiro-
Wilk test, which revealed that data were not normally distributed.
As a result, we used a nonparametric test for comparison of con-
tinuous variables between groups (Mann-Whitney test). In addi-

20 Ophthalmic Res 2017;58:18-26
DOI: 10.1159/000459626

tion, the Wilcoxon test was used to compare follow-up and base-
line data within a treatment group. Predictive Analytics Software
(PASW 18) was used for all analyses. p < 0.05 was considered sta-
tistically significant.

Results

Of a total of 265 eyes of 207 patients diagnosed with
neovascular AMD, 166 eyes (62.6%) were diagnosed with
typical AMD, 65 (24.5%) with PCV, and 34 (12.8%) with
RAP. Ninety-nine eyes of 83 patients met the eligibility
criteria and were included in this study. Eighty-six eyes
were diagnosed with typical AMD, 13 eyes had RAP, and
27 eyes had PCV. Of the 27 eyes diagnosed with PCV, 11
showed extrafoveal polyps. Eyes with PCV were excluded
from this study. The average age of the patients included
in this study was 73.1 + 8.8 years. A total of 45 eyes (45.5%)
were included in the VMA(+) group and 54 eyes (54.5%)
comprised the VMA(-) group. Patients in the VMA(-)
group were older than patients in the VMA(+) group
(p =0.020). The baseline characteristics and the drug used
according to the presence of VMA or not are shown in
Table 1.

The mean number of intravitreal injections required
between the third and twelfth months was 1.54 + 1.35 for
patients in the VMA(-) group and 1.69 + 1.58 for patients
in the VMA(+) group (p = 0.79, Mann-Whitney test).

Considering all patients, BCVA showed statistically
significant improvement when the data obtained at 1, 2,
and 3 months were compared with baseline. No statisti-
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cally significant difference was noted when paired com-
parisons of BCV A between baseline, and 6 and 12 months
were made for these patients (Table 2). There was no cor-
relation between age and BCVA at baseline (r=0.23; p =
0.20), 3 months (r = 0.14; p = 0.163), 6 months (r = 0.18;
p=0.069),and 12 months (r=0.935; p = 0.091). The mean
CRT presented a statistically significant decrease when
the data obtained at 1, 2, 3, 6, and 12 months were com-
pared with baseline (Table 3).

In the VMA(-) group, paired comparisons of BCVA
showed statistically significant improvement at 1, 2, and
3 months compared to baseline. In the VMA(+) group,
BCVA significantly improved only at 3 months. Com-
pared to baseline, BCVA 6 and 12 months after treatment
were not statistically different in both groups (Table 4).
Paired comparisons of CRT showed statistically signifi-
cant decrease 1, 2, 3, 6, and 12 months after treatment
compared to baseline in the VMA(+) and VMA(-) groups
(Table 5).

Discussion

The association between vitreous and retinal patholo-
gies has been known for some time [8]. The reported in-
cidence of VMA in patients with AMD ranges from 12.2
to 48.5% [6-9, 27]. Several previous studies have demon-
strated an association between VMA and neovascular
AMD, suggesting that PVD protects against neovascular
AMD whereas VMA may promote this form of the dis-
ease [6-8, 27]. It is possible that persistent VMA could
influence the development of neovascular AMD through
the induction of chronic low-grade inflammation, pre-
vention of diffusion of oxygen and nutrients to the mac-
ula, or confinement of proangiogenic cytokines in the
macula [7, 23,28, 29]. Nomura et al. [9], however, did not
find an association between VMA and PCV. It has been
suggested that the abnormal vessels in PCV usually spread
beneath the RPE, possibly into the Bruch membrane,
leading to less inflammatory reaction and to a smaller in-
fluence of the exudative change on the vitreomacular in-
terface [9].

In our study, patients without VMA were older than
those with VMA, which is consistent with the known in-
creased incidence of PVD with age [30]. Most of our pa-
tients (66.3%) were women, which is in agreement with
the higher prevalence of AMD among women observed in
the literature [31]. It has been suggested that female gen-
der should be considered a risk factor for PVD, possibly
due to hormonal factors [32]. In the present study, women

VMA and Response to Therapy in
Neovascular AMD

Table 2. BCVA of eyes diagnosed either with retinal angiomatous
proliferation or typical age-related macular degeneration treated
with anti-vascular endothelial growth factor agents

BCVA (logMAR) p value
Baseline 0.51+0.28
0.50 (0.30-0.70)
1 month 0.46+0.29 0.019%
0.40 (0.28-0.60)
2 months 0.43+0.32 <0.001°
0.40 (0.20-0.50)
3 months 0.49+0.44 <0.001°
0.40 (0.20-0.50)
6 months 0.48+0.42 0.098
0.40 (0.20-0.70)
12 months 0.55+0.52 0.655

0.40 (0.20-0.70)

Values are presented as means * SD followed by medians (Q1
to Q3) unless otherwise stated. BCVA, best-corrected visual acuity;
logMAR, logarithm of the minimal angle of resolution. Wilcoxon
test. 2 p < 0.05 (95% CI). ° p < 0.01 (99% CI).

Table 3. CRT of eyes diagnosed either with retinal angiomatous
proliferation or typical age-related macular degeneration treated
with anti-vascular endothelial growth factor agents

CRT, um p value

Baseline 344.46+104.36
325.00 (267.00-396.00)

1 month 308.90+102.94 <0.001*
284.00 (241.00-336.00)

2 months 301.06+101.54 <0.001*
272.00 (238.00-325.00)

3 months 309.52+116.40 <0.001*
281.00 (228.00-336.00)

6 months 305.162+102.26 <0.001*
286.00 (235.00-345.00)

12 months 305.90+106.89 <0.001*

276.00 (231.00-346.00)

Values are presented as means * SD followed by medians (Q1
to Q3) unless otherwise stated. CRT, central retinal thickness. Wil-
coxon test. # p < 0.01 (99% CI).
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Table 4. BCVA of eyes diagnosed either with retinal angiomatous proliferation or typical age-related macular
degeneration and treated with anti-vascular endothelial growth factor agents according to the presence of VMA

VMA(+) p value VMA(-) p value
BCVA (logMAR) BCVA (logMAR)
Baseline 0.49+0.29 0.52+0.28
0.50 (0.30-0.65) 0.50 (0.30-0.90)
1 month 0.47+0.32 0.660 0.45+0.28 0.002°
0.45 (0.20-0.68) 0.40 (0.30-0.60)
2 months 0.45+0.38 0.132 0.42+0.27 0.002°
0.40 (0.20-0.55) 0.40 (0.30-0.50)
3 months 0.43+0.36 0.0322 0.44+0.35 0.018*
0.40 (0.20-0.60) 0.40 (0.20-0.53)
6 months 0.52+0.52 0.587 0.48+0.38 0.070
0.40 (0.10-0.80) 0.40 (0.20-0.70)
12 months 0.59+0.57 0.577 0.52+0.49 0.268

0.50 (0.10-0.90) 0.40 (0.20-0.70)

Values are presented as means * SD followed by medians (Q1 to Q3) unless otherwise stated. Wilcoxon test.
2 p < 0.05 (95% CI). > p < 0.01 (99% CI). BCVA, best-corrected visual acuity; logMAR, logarithm of minimal
angle of resolution; VMA, vitreomacular adhesion.

Table 5. CRT of eyes diagnosed either with retinal angiomatous proliferation or typical age-related macular de-
generation and treated with anti-vascular endothelial growth factor agents according to the presence of VMA

VMA(+) p value VMA(-) p value
CRT, ym CRT, ym
Baseline 357.62+111.22 333.50£97.99
337.00 (290.00-397.50) 302.50 (260.75-379.50)
1 month 319.40+£108.80 <0.001? 300.15%£97.97 <0.001?
291.00 (257.50-333.50) 274.00 (235.50-338.25)
2 months 335.04+ 106.15 <0.001? 303.89£119.91 <0.001?
285.00 (244.00-322.50) 270.00 (228.00-329.50)
3 months 323.02+£112.99 0.0022 298.26+£119.03 <0.0012
289.00 (251.50-363.50) 261.50 (226.75-306.50)
6 months 315.80+£115.47 0.0012 296.30+£89.95 0.0012
293.00 (233.00-369.00) 282.00 (233.00-329.25)
12 months 314.20+£114.43 0.0012 298.98+100.74 0.0012

301.00 (228.50-351.00) 263.50 (230.25-327.25)

Values are presented as means + SD followed by medians (Q1 to Q3) unless otherwise stated. Wilcoxon test.
2p < 0.01 (99% CI). BCVA, best-corrected visual acuity; CRT, central retinal thickness; SD, standard deviation;
VMA, vitreomacular adhesion.
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Table 6. Review of the effects of VMA on anti-VEGF treatment

Study Eyes,n  Diagnosis/ OCT Anti-VEGF drug Treatment  Conclusion
follow-up regimen

Lee 148 All AMD subtypes/ TD-OCT  Bevacizumab or ranibizumab PRN VMA was associated with an

etal. [16] 1 year inferior visual outcome

Cho 104 PCV/ SD-OCT  Bevacizumab or ranibizumab PRN VMA was not associated with the

etal. [17] 1 year visual outcome

Uney 61 All AMD subtypes/ TD-OCT  Bevacizumab or ranibizumab PRN VMA was associated with an

etal. [18] 1 year inferior visual outcome

Mayr-Sponer 255 All AMD subtypes/ TD-OCT  Ranibizumab PRN VMA was associated with an

etal. [15] 1 year inferior visual outcome; eyes with
VMA required more injections

Nomura 123 All AMD subtypes/ SD-OCT  Ranibizumab PRN VMA was associated with an

etal. [19] 1 year inferior visual outcome

Waldstein 255 All AMD subtypes/ TD-OCT  Ranibizumab or ranibizumab/ PRN VMA was associated with a

etal. [20] 1 year PDT favorable outcome in combination
therapy using PDT plus
ranibizumab

Houston 204 All AMD subtypes/ SD-OCT  Bevacizumab, ranibizumab, or Treat and Eyes with VMA required more

etal. [21] 1 year aflibercept extend injections

Krishnan 63 All AMD subtypes/ SD-OCT  Ranibizumab PRN VMA was associated with an

etal. [22] 1 year inferior visual outcome

McKibbin 93 All AMD subtypes/ SD-OCT  Aflibercept PRN VMA was not associated with

etal. [23] 6 months visual outcome

Cuilla 143 All AMD subtypes/ TD-OCT  Bevacizumab or ranibizumab Monthly or ~ VMA was not associated with

etal. [24] 2 years PRN visual outcome; eyes with VMA
treated as needed required more
injections

AMD, age-related macular degeneration; OCT, optical coherence tomography; PCV, polypoidal choroidal vasculopathy; PRN, pro re nata; PVD, poste-
rior vitreous detachment; SD, spectral domain; TD, time domain; VA, visual acuity; VEGF, vascular endothelial growth factor; VMA, vitreomacular adhesion.

were older than men. Indeed, our results showed that men
were more prone to presenting with VMA than women,
but this result was not statistically significant. Therefore,
it is possible that, in addition to hormonal factors, the
more advanced age in women could explain the higher
prevalence of an absence of VMA in this group of patients.

With regard to the lens status, 41.0% of the pseudo-
phakic eyes and 48.3% of the phakic eyes presented VMA,
respectively. Therefore, though not statistically signifi-
cant, the presence of VMA was more common in phakic
eyes, which is in accordance with the literature for such
patients [33].

In the CATT study [24] it was found that current or for-
mer cigarette smokers were more likely to have VMA or
vitreomacular traction, a finding that had not been previ-
ously reported. In our study, which evaluated a smaller
number of eyes, there was no difference in the prevalence
of VMA between smokers and nonsmokers (p = 0.60).

VMA and Response to Therapy in
Neovascular AMD

One study supported the theory that an attached pos-
terior hyaloid may create a semipermeable barrier to mol-
ecules that cross the vitreoretinal junction, and PVD may
allow increased diffusion across this junction [28]. Con-
sidering this theory, VMA may be partially responsible
for a worse response to antiangiogenic therapy. Several
studies have evaluated the effects of VMA on anti-VEGF
treatment for neovascular AMD (Table 6). Most of them
suggested that eyes with VMA had worse VA outcomes
or required more intravitreal injections. However, some
differences observed in the results can be partially ex-
plained by differences in their methods (e.g., different
drugs, different OCT technologies, and different treat-
ment protocols).

Just one previous paper studied the effects of VMA on
anti-VEGF treatment in cases diagnosed with PCV and
showed that vitreous adhesion was not associated with
the visual outcome [17]. In our study, of the 27 eyes ini-
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tially diagnosed with PCV, we found that 11 eyes showed
extrafoveal lesions. The extrafoveal location observed in
almost 41% of the eyes with PCV could certainly influ-
ence not only the vitreomacular interface but also the re-
sponse to treatment. Furthermore, a recent guideline rec-
ommended that combination treatment using photody-
namic therapy and anti-VEGF should be the first-line
therapy for juxtafoveal and subfoveal PCV [12]. There-
fore, based on all of these facts, we decided not to include
eyes with this subtype of AMD in our study. All previous
studies did not exclude patients diagnosed with PCV,
which could have influenced the results. The prevalence
of PCV ranges from 7.8 to 54.7% [34]. In a recent study,
we evaluated a Brazilian cohort [35] with a predominant-
ly Caucasian ancestry and genetic polymorphisms similar
to those observed in American and European patients. Of
a total of 265 evaluated eyes, 166 eyes (62.6%) were diag-
nosed with typical AMD, 65 (24.5%) with PCV, and 34
(12.8%) with RAP. In the present study, we found a very
similar percentage. This is the first paper to evaluate the
effect of VMA on the response to anti-VEGF agents, ex-
cluding eyes diagnosed with PCV.

In the present study, patients were submitted to a pro
re nata therapy protocol. When the whole group of pa-
tients was evaluated, we observed that, after 3 months of
treatment, there was a statistically significant improve-
ment in BCVA. However, after 6 and 12 months, there
was no statistically significant improvement in BCVA
compared to baseline, in contrast to other multicenter
randomized studies that used monthly protocol of treat-
ment with anti-VEGF agents [36, 37]. Such studies had
rigid inclusion and exclusion criteria for retreatment,
which led to ideal treatment conditions and better long-
term functional results. On the other hand, in real-life
studies such this one, patients usually receive a smaller
number of treatments, and consequently, experience
worse functional results compared to multicenter ran-
domized studies. Regarding the anatomic results, when
we considered the whole group of patients, the mean CRT
showed a statistically significant decrease when the data
obtained at all visits were compared to baseline. Lee and
Koh [16] and Nomura et al. [19], also published results
similar to ours, showing anatomic improvement without
a correspondent functional response.

When patients with and without VMA were analyzed
separately, we found that their responses differed at the
beginning of the treatment. Patients in the VMA(-) group
achieved a statistically significant improvement in BCVA
at 1,2, and 3 months compared to baseline. For these pa-
tients, there was also an improvement in visual acuity in

24 Ophthalmic Res 2017;58:18-26
DOI: 10.1159/000459626

the sixth month, but without statistical significance (p =
0.07). In the VMA(+) group, however, this improvement
was found only in the third month. Therefore, the vitreo-
macular interface seems to influence visual outcomes in
a short-term follow-up. Indeed, in a previous study in-
volving most of the current patients, we showed that, in a
short-term follow-up (1 month), VMA was statistically
associated with a worse anatomic and functional out-
come than the absence of VMA [38]. In fact, the improve-
ment occurred gradually at between 1 and 3 months in
the VMA(+) group. On the other hand, in the VMA(-)
group there was a conspicuous and greater response right
after the first injection. For evaluation of the treatment
effect, the first 3 months are essential because the greatest
visual improvement occurs in this period. After the load-
ing dose, the improvement is relatively small, and BCVA
improvement depends on the treatment regimen em-
ployed. Therefore, the data obtained after the loading
dose is more complex to interpret, especially in real-life
studies.

It is interesting to note that the mean age of the pa-
tients in the VMA(-) group, which had better results, was
higher than that in the VMA(+) group. There is no evi-
dence in the literature that the visual outcome could be
better in patients of an older age. Despite this lack of evi-
dence, we evaluated the possible correlation between the
response to treatment and the age range of all patients and
found that there was no such correlation (r = 0.017 and
p =0.091, Pearson correlation test).

The literature demonstrates that there is no difference
in the response to treatment of neovascular AMD with
different anti-VEGF agents [24]. Even though this study
was not designed to evaluate the different response be-
tween the anti-VEGF agents, the drug distribution be-
tween the VMA(+) and VMA(-) groups was similar (p =
0.06). We can thus assume that these groups were simi-
larly affected in terms of functional and anatomical re-
sults by the use of these different drugs.

Our study was not designed to compare the numbers
of injections and, as previously described, the number of
treatments after the first 3 doses is heavily influenced by
factors such as the ability to return to routine follow-ups
and adherence to treatment.

Other long-term follow-up studies evaluating the re-
sponse to anti-VEGF therapy according to the vitreomac-
ular interface have shown that patients with VMA require
more injections than patients without VMA [15, 20, 21].
It is possible that, in some cases, intravitreal injections
can induce PVD and therefore favor the response to treat-
ment, leading to a smaller number of injections. Howev-
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er, we recently showed that intravitreal injections of com-
monly used anti-VEGF intravitreal drugs rarely induce
PVD in patients with neovascular AMD. Eyes with focal
VMA have a greater chance of developing PVD than eyes
with a broad area of VMA [39]. In the present study, 3
eyes presented PVD during the follow-up period. Two of
these patients developed PVD after their last intravitreal
injection and 1 after the second injection. For a consistent
evaluation of the effect of induced PVD on the visual out-
come and the number of required injections, a longer fol-
low-up period, before and after the occurrence of PVD,
should be available for each of these patients.

There are some limitations in the present study. First-
ly, the number of patients categorized as having RAP
was small, and therefore these patients could not be ana-
lyzed separately. Secondly, as previously mentioned, the
VMA(+) and VMA(-) groups comprised a relatively
small number of eyes, and future studies with larger num-
ber of patients would be desirable. Furthermore, the pro
re nata protocol employed in real-life studies such as this
one does not allow a precise evaluation of the therapeutic
response after the loading dose.

In conclusion, the results of our study indicate that
posterior VMA is important to the response to treatment
with anti-VEGF monotherapy. The exclusion of patients
diagnosed with PCV in the present study eliminates the
influence of a subset of patients with particular anatomic
and pathologic characteristics that usually require a com-
bination treatment for better results. It should be noted,
however, that AMD is a multifactorial disease, and VMA
is only one of the factors that could influence the course
of treatment. The effect of VMA seems restricted to a
short-term period, and the continuity of treatment may
reduce this influence. The long-term outcome should be
investigated by more strictly designed studies with a larg-
er number of eyes included. Therefore, further controlled
prospective studies are required to assess the relationship
between VMA and the long-term response to anti-VEGF
treatment in neovascular AMD.

Disclosure Statement

No conflict of interest exists for any of the authors. There was
no financial support.

References

Klein R, Peto T, Bird A, Vannewkirk MR: The
epidemiology of age-related macular degen-
eration. Am ] Ophthalmol 2004;137:486-495.
Bird AC, Bressler NM, Bressler SB, Chisholm
IH, Coscas G, Davis MD, de Jong PTVM,
Klaver CCW, Klein BEK, Klein R, Mitchell P,
Sarks JP, Sarks SH, Soubrane G, Taylor HR,
Vingerling JR: An international classification
and grading system for age-related maculopa-
thy and age-related macular degeneration.
Surv Ophthalmol 1995;39:367-374.
Yannuzzi LA, Ciardella A, Spaide RF, Rabb
M, Freund KB, Orlock DA: The expanding
clinical spectrum of idiopathic polypoidal
choroidal vasculopathy. Arch Ophthalmol
1997;115:478-485.

Yannuzzi LA, Negrio S, lida T, Carvalho C,
Rodriguez-Coleman H, Slakter J, Freund KB,
Sorenson J, Orlock D, Borodoker N: Retinal
angiomatous proliferation in age-related
macular degeneration. Retina 2001;21:416-
434,

Nowak JZ: Age-related macular degeneration
(AMD): pathogenesis and therapy. Pharma-
col Rep 2006;58:353-363.

Robison CD, Krebs I, Binder S, Barbazetto IA,
Kotsolis AI, Yannuzzi LA, Sadun AA, Sebag J:
Vitreomacular adhesion in active and end-
stage age-related macular degeneration. Am J
Ophthalmol 2009;148:79-82.€2.

Lee SJ, Lee CS, Koh HJ: Posterior vitreomacu-
lar adhesion and risk of exudative age-related

10

11

12

13

macular degeneration: paired eye study. Am ]
Ophthalmol 2009;147:621-626.el.

Schulze S, Hoerle S, Mennel S, Kroll P: Vit-
reomacular traction and exudative age-relat-
ed macular degeneration. Acta Ophthalmol
2008;86:470-481.

Nomura Y, Ueta T, Iriyama A, Inoue Y, Oba-
ta R, Tamaki Y, Yamaguchi T, Yanagi Y: Vit-
reomacular interface in typical exudative age-
related macular degeneration and polypoid-
al choroidal vasculopathy. Ophthalmology
2011;118:853-859.

Schmidt-Erfurth U, Chong V, Loewenstein A,
Larsen M, Souied E, Schlingemann R, Eldem
B, Mones J, Richard G, Bandello F: Guidelines
for the management of neovascular age-relat-
ed macular degeneration by the European So-
ciety of Retina Specialists (EURETINA). Br |
Ophthalmol 2014;98:1144-1167.

Lux A, Llacer H, Heussen FMA, Joussen AM:
Non-responders to bevacizumab (Avastin)
therapy of choroidal neovascular lesions. Br |
Ophthalmol 2007;91:1318-1322.

Koh AHC, Chen L-J, Chen S-J, Chen Y, Girid-
har A, Iida T, Kim H, Lai TYY, Lee WK, Li X,
Han Lim T, Ruamviboonsuk P, Sharma T,
Tang S, Yuzawa M: Polypoidal choroidal vas-
culopathy: evidence-based guidelines for clin-
ical diagnosis and treatment. Retina 2013;33:
686-716.

Veloso CE, Almeida LN, Recchia FM, Pelayes
D, Nehemy MB: VEGF gene polymorphism

14

15

16

17

18

and response to intravitreal ranibizumab in
neovascular age-related macular degenera-
tion. Ophthalmic Res 2014;51:1-8.

Veloso CE, Almeida LN, Nehemy MB: CFH
Y402H polymorphism and response to in-
travitreal ranibizumab in Brazilian patients
with neovascular age-related macular de-
generation. Rev Col Bras Cir 2014;41:386-
392.

Mayr-Sponer U, Waldstein SM, Kundi M,
Ritter M, Golbaz I, Heiling U, Papp A, Sima-
der C, Schmidt-Erfurth U: Influence of the
vitreomacular interface on outcomes of rani-
bizumab therapy in neovascular age-related
macular degeneration. Ophthalmology 2013;
120:2620-2629.

Lee SJ, Koh HJ: Effects of vitreomacular adhe-
sion on anti-vascular endothelial growth fac-
tor treatment for exudative age-related macu-
lar degeneration. Ophthalmology 2011;118:
101-110.

Cho HJ, Baek JS, Lee DW, Cho SW, Kim CG,
Kim JW: Effects of vitreomacular adhesion on
anti-vascular endothelial growth factor treat-
ment for polypoidal choroidal vasculopathy.
Retina 2013;33:2126-2132.

Uney GO, Unlii N, Acar MA, Hazirolan D,
Altiparmak UE, Yalniz-Akkaya Z, Ornek F:
Role of posterior vitreous detachment on out-
come of anti-vascular endothelial growth fac-
tor treatment in age-related macular degen-
eration. Retina 2014;34:32-37.

VMA and Response to Therapy in
Neovascular AMD

Ophthalmic Res 2017;58:18-26 25
DOI: 10.1159/000459626

129.127.145.240 - 9/3/2017 2:04:08 AM

Downloaded by:
Univ.of Adelaide



19

20

21

22

23

24

Nomura Y, Takahashi H, Tan X, Fujimura S,
Obata R, Yanagi Y: Effects of vitreomacular
adhesion on ranibizumab treatment in Japa-
nese patients with age-related macular degen-
eration. Jpn ] Ophthalmol 2014;58:443-447.
Waldstein SM, Ritter M, Simader C, Mayr-
Sponer U, Kundi M, Schmidt-Erfurth U: Im-
pact of vitreomacular adhesion on ranibiz-
umab mono- and combination therapy for
neovascular age-related macular degenera-
tion. Am ] Ophthalmol 2014;158:¢328-¢336.
Houston SK, Rayess N, Cohen MN, Ho AC,
Regillo CD: Influence of vitreomacular inter-
face on anti-vascular endothelial growth fac-
tor therapy using treat and extend treatment
protocol for age-related macular degenera-
tion (Vintrex). Retina 2015;35:1757-1764.
Krishnan R, Arora R, De Salvo G, Stinghe A,
Severn PS, Pal B, Goverdhan S: Vitreomacu-
lar traction affects anti-vascular endothelial
growth factor treatment outcomes for exuda-
tive age-related macular degeneration. Retina
2015;35:1750-1756.

McKibbin MA, Suter CA, Willis TA: The
influence of vitreomacular adhesion on out-
comes after aflibercept therapy for neovascu-
lar age-related macular degeneration. Retina
2015;35:1951-1956.

Cuilla TA, Ying G-s, Maguire MG, Martin
DF, Jaffe GJ, Grunwald JE, Daniel E, Toth CA:
Influence of the vitreomacular interface on
treatment outcomes in the comparison of
age-related macular degeneration treatments
trials. Ophthalmology 2015;122:1203-1211.

25

26

27

28

29

30

31

32

Duker JS, Kaiser PK, Binder S, de Smet MD,
Gaudric A, Reichel E, Sadda SR, Sebag J,
Spaide RF, Stalmans P: The International Vit-
reomacular Traction Study Group classifica-
tion of vitreomacular adhesion, traction, and
macular hole. Ophthalmology 2013;120:
2611-2619.

Koh A, Lee WK, Chen L-J, Chen S-J, Hashad
Y, Kim H, Lai TY, Pilz S, Ruamviboonsuk P,
Tokaji E, Weisberger A, Lim TH: Everest
Study. Retina 2012;32:1453-1464.

Krebs I, Brannath W, Glittenberg C, Zeiler F,
Sebag J, Binder S: Posterior vitreomacular ad-
hesion: a potential risk factor for exudative
age-related macular degeneration? Am ]
Ophthalmol 2007;144:741-746.

Zarbin MA: Current concepts in the patho-
genesis of age-related macular degeneration.
Arch Ophthalmol 2004;122:598.

Goldenberg DT, Giblin FJ, Cheng M, Chin-
tala SK, Trese M T, Drenser KA, Ruby AJ: Pos-
terior vitreous detachment with microplas-
min alters the retinal penetration of intravit-
real bevacizumab (Avastin) in rabbit eyes.
Retina 2011;31:393-400.

Foos RY: Posterior vitreous detachment.
Trans Am Acad Ophthalmol Otolaryngol
1972;76:480-497.

Joachim N, Mitchell P, Burlutsky G, Kifley A,
Wang JJ: The incidence and progression of
age-related macular degeneration over 15
years. Ophthalmology 2015;122:2482-2489.
Chuo JY, Lee TYY, Hollands H, Morris AH,
Reyes RC, Rossiter JD, Meredith SP, Maberley
DAL: Risk factors for posterior vitreous de-
tachment: a case-control study. Am J Oph-
thalmol 2006;142:931-937.

26

Ophthalmic Res 2017;58:18-26

DOI: 10.1159/000459626

33

34

35

36

37

38

39

Hilford D, Hilford M, Mathew A, Polking-
horne PJ: Posterior vitreous detachment fol-
lowing cataract surgery. Eye 2008;23:1388-
1392.

Maruko I, Iida T, Saito M, Nagayama D, Saito
K: Clinical characteristics of exudative age-
related macular degeneration in Japanese pa-
tients. Am J Ophthalmol 2007;144:15-22.
Pereira FB, Veloso CE, Kokame GT, Nehemy
MB: Characteristics of neovascular age-relat-
ed macular degeneration in Brazilian pa-
tients. Ophthalmologica 2015;234:233-242.
Rosenfeld PJ, Brown DM, Heier JS, Boyer DS,
Kaiser PK, Chung CY, Kim RY: Ranibizumab
for neovascular age-related macular degen-
eration. N Engl ] Med 2006;355:1419-1431.
Martin DF, Maguire MG, Fine SL, Ying GS,
Jaffe GJ, Grunwald JE, Toth C, Redford M,
Ferris FL: Ranibizumab and bevacizumab for
treatment of neovascular age-related macular
degeneration: two-years results. Ophthalmol-
ogy 2012;119:1388-1398.

Nehemy MB, Veloso CE, Almeida LA: Impor-
tance of vitreomacular adhesion on antian-
giogenic treatment for exudative age-related
macular degeneration. Am Acad Ophthalmol
Annu Meet, Orlando, 2011.

Veloso CE, Kanadani TM, Pereira FB, Nehe-
my MB: Vitreomacular interface after anti-
vascular endothelial growth factor injections
in neovascular age-related macular degenera-
tion. Ophthalmology 2015;122:1569-1572.

Kanadani/dos Reis Veloso/Dorairaj/
Nehemy

129.127.145.240 - 9/3/2017 2:04:08 AM

Downloaded by:
Univ.of Adelaide



16

CONCLUSAO DO PRIMEIRO TRABALHO:

O primeiro trabalho comprovou que a AVM é importante para a resposta
ao tratamento com anti-VEGF. A exclusdo de pacientes diagnosticados com
PCV no presente estudo eliminou a influéncia de um subconjunto de pacientes
com caracteristicas anatdmicas e patoldgicas particulares que usualmente
requerem tratamento combinado para melhores resultados. No grupo AVM (-)
houve maior propor¢cédo de pacientes do sexo feminino e com idade mais
avancada. Deve-se notar, entretanto, que a DMRI é doenca multifatorial, e a
AVM é apenas um dos fatores que poderiam influenciar o curso do tratamento.
O efeito da AVM parece restrito ao curto prazo, e a continuidade do tratamento
talvez possa reduzir essa influéncia. O resultado a longo prazo deve ser
investigado por estudos mais rigorosamente concebidos com maior numero de
olhos inscritos. Portanto, outros estudos prospectivos controlados séao
necessarios para avaliar a relagcdo entre a AVM e a resposta a longo prazo ao

tratamento anti-VEGF na DMRI neovascular.
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OBJETIVOS DO SEGUNDO TRABALHO:

PRINCIPAL:

Avaliar a incidéncia de DVP induzido por injegdes intravitreas de agentes anti-

VEGF em pacientes com DMRI neovascular.

O segundo trabalho “Vitreomacular Interface after Anti-Vascular
Endothelial Growth Factor Injections in Neovascular Age-Related Macular
Degeneration” foi publicado na revista Ophthalmology em 2015 e encontra-se a

seguir precedido pelo seu resumo em portugués.
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RESUMO DO SEGUNDO TRABALHO:

TITULO: Interface vitreomacular apds injecdes de agentes antiangiogénicos

na degeneragdo macular relacionada a idade forma exsudativa.

OBJETIVOS: Avaliar a incidéncia de descolamento do vitreo posterior (DVP)
induzido por injecdes intravitreas de agentes anti-fator de crescimento
endotelial vascular (VEGF) em casos de degeneragao macular relacionada a
idade (DMRI) neovascular.

MATERIAL E METODOS: Estudo de coorte, realizado em um centro unico de
referéncia. Total de 396 olhos de 295 pacientes foram diagnosticados com
DMRI forma neovascular entre 2009 e 2014. Cento e vinte e cinco olhos de 112
pacientes preencheram os critérios de inclusao e foram avaliados neste estudo,
que incluiu pacientes com DMRI neovascular apresentando adesao
vitreomacular (AVM) detectada por tomografia de coeréncia 6ptica de dominio
espectral (OCT-SD). Os olhos com AVM foram classificados de acordo com o
didmetro da ligacéo vitrea a superficie macular medida por OCT, com ligagéo
de <1500 um definida como focal e ligagao de >1500 um definida como ampla.
Todos os pacientes receberam pelo menos 3 injegcdes intravitreas mensais de
agentes anti-VEGF. As visitas de seguimento foram realizadas um més apos
cada injegao intravitrea, com a realizagdo da OCT-SD para avaliar a incidéncia
de DVP.

RESULTADOS: O periodo médio de seguimento foi de 21,3 meses (intervalo,
3-59 meses). O numero médio de inje¢des intravitreas foi de 8,3 (intervalo, 3-
29 injecdes). Os farmacos intravitreos utilizados no estudo foram ranibizumabe
(51,5%), bevacizumabe (33,5%) e aflibercepte (15,0%). Sete olhos (5,6%)
desenvolveram DVP apds a injecado intravitrea. Cento e dezoito olhos
permaneceram com AVM persistente. Os sete olhos que desenvolveram DVP
foram classificados como tendo AVM focal, com o didmetro da adesdo vitrea

variando de 210 pm a 1146 uym (média, 600 um).

CONCLUSOES: Injegbes intravitreas de antiangiogénicos comumente
utilizadas, raramente induzem DVP em pacientes com DMRI neovascular.
Olhos com AVM focal tém maior chance de desenvolver DVP que olhos com

ampla area de AVM.
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Purpose: To evaluate the incidence of posterior vitreous detachment (PVD) induced by intravitreal injections
of anti—vascular endothelial growth factor (VEGF) agents in cases of neovascular age-related macular degen-
eration (AMD).

Design: Cohort study conducted at a single tertiary referral vitreoretinal practice.

Participants: A total of 396 eyes of 295 patients were diagnosed with neovascular AMD between 2009 and
2014. A total of 125 eyes of 112 patients met the inclusion criteria and were evaluated in this study.

Methods: This study included patients with neovascular AMD who presented vitreomacular adhesion (VMA)
detected by spectral-domain optical coherence tomography (OCT) at baseline. Eyes with VMA were classified
according to the diameter of vitreous attachment to the macular surface measured by OCT, with attachment of
<1500 pm defined as focal and attachment of >1500 um defined as broad. All patients received at least 3
monthly intravitreal injections of anti-VEGF agents. Follow-up visits were performed 1 month after each intravitreal
injection and included OCT analysis to evaluate the incidence of PVD.

Main Outcome Measures: Posterior vitreous detachment induced by anti-VEGF injections.

Results: The mean follow-up period was 21.3 months (range, 3—59 months). The mean number of intravitreal
injections was 8.3 (range, 3—29 injections). Intravitreal drugs used in the study were ranibizumab (51.5%), bev-
acizumab (33.5%), and aflibercept (15.0%). Seven eyes (5.6%) developed PVD after intravitreal drug injection (3 eyes
after the first intravitreal injection: bevacizumab in 1 and ranibizumab in 2; 2 eyes after the second injection: ranibi-
zumab in 1 and bevacizumab in 1; 1 eye after the fourth injection: ranibizumab; and 1 eye after the sixth injection:
aflibercept). A total of 118 eyes remained with persistent VMA. All 7 eyes that developed PVD were classified as
having focal VMA, with the diameter of vitreous attachment ranging from 210 to 1146 pm (mean, 600 pm).

Conclusions: Intravitreal injections of commonly used anti-VEGF intravitreal drugs rarely induce PVD in
patients with neovascular AMD. Eyes with focal VMA have a greater chance to develop PVD than eyes with a
broad area of VMA. Ophthalmology 2015,;122:1569-1572 © 2015 by the American Academy of Ophthalmology.

Vitreomacular adhesion (VMA) seems to play a role in the
development of macular pathololgies, including age-related
macular degeneration (AMD)." Previous studies have
considered persistent VMA as a possible risk factor for
the development of neovascular AMD, whereas posterior
vitreous detachment (PVD) seems to protect against this
form of the disease.' " A recent subanalysis of a random-
ized, double-masked, multicenter study has also shown that
the configuration of the vitreomacular interface (VMI)
seems to have an important effect on visual outcomes and
need for re-treatment in cases of neovascular AMD. In pa-
tients with PVD, a lower treatment frequency may be
feasible, whereas patients with VMA may benefit from
intensive re-treatment.’

It is still not established whether intravitreal injection of
vascular endothelial growth factor (VEGF) inhibitors itself
could induce PVD. Only 1 previous study evaluated its
occurrence after intravitreal drug injection for different

© 2015 by the American Academy of Ophthalmology
Published by Elsevier Inc.

macular pathologies and showed that this procedure may
favor the occurrence of PVD.® Therefore, PVD possibly
induced by intravitreal injection could itself benefit the
response to treatment. The purpose of this study is to
evaluate the incidence of PVD induced by intravitreal
injections of anti-VEGF agents in cases of neovascular
AMD.

Methods

This is a prospective study designed to evaluate the incidence of
PVD after intravitreal injections of currently used anti-VEGF drugs
for neovascular AMD. All subjects were informed about the nature
of the study and signed a written informed consent in accordance
with the tenets of the Declaration of Helsinki. The ethics com-
mittees of both the Federal University of Minas Gerais and the
Institute of Vision in Belo Horizonte, Brazil, approved the study.
From March 2009 to December 2014, all patients with newly
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Figure 1. Example of an optical coherence tomography scan showing the presence of vitreomacular adhesion.

diagnosed neovascular AMD at the Institute of Vision were
enrolled in this prospective study. At baseline, all patients under-
went a complete ophthalmological examination, including bio-
microscopy, retinography, fluorescein angiography, and optical
coherence tomography (OCT). When indicated, indocyanine green
angiography was performed for better evaluation of neovascular
AMD subtypes. Spectral-domain OCT (Spectralis OCT; Heidel-
berg Engineering, Heidelberg, Germany) was used to evaluate the
VML Only eyes with VMA present (Fig 1) were included in the
study. Vitreomacular adhesion was defined as any adhesion of
the posterior hyaloid involving the macular region (area:
8.8%x5.9 mm, 30°x20°, 25-scan pattern). Patients with VMA
were classified according to the diameter of vitreous attachment to
the macular surface measured by OCT, with attachment of <1500
pm defined as focal and attachment of >1500 um as broad. When
there was no posterior hyaloid visible or when it was detected but
not attached to the scanned area, we considered the vitreous to be
detached. Inclusion criteria were (1) age >50 years; (2) diagnosis
of neovascular AMD; (3) presence of VMA at baseline detected by
OCT; (4) indication of intravitreal injection of VEGF inhibitors;
and (5) follow-up of at least 3 months. Intravitreal drugs used in
this study included bevacizumab (Avastin; Genentech, South San
Francisco, CA), ranibizumab (Lucentis; Genentech), and afli-
bercept (Eylea; Regeneron Pharmaceuticals Inc., Tarrytown, NY).
The injected volume of VEGF inhibitors was 0.05 ml for ranibi-
zumab and aflibercept and 0.1 ml for bevacizumab. Exclusion
criteria were (1) previous vitrectomy; (2) complicated cataract
surgery; (3) concomitant inflammatory ocular conditions; (4) eyes
with other conditions that are known to affect the VMI, such as
retinal vascular disease, pathologic myopia, and diabetic retinop-
athy; (5) detectable PVD on OCT (Fig 2) or slit-lamp examination;
and (6) previous intravitreal injections. All intravitreal anti-VEGF
injections were performed in the operating room using an
aseptic technique, including the prophylactic use of topical

iodopovidone 5% before the procedures. All patients were sub-
jected to a treatment protocol that included a loading dose with 3
intravitreal injections of anti-VEGF agents at 1-month intervals.
After the third dose, patients followed a pro re nata regimen. Re-
treatment criteria were (1) persistence or increase of intraretinal
or subretinal fluid; (2) increase of retinal pigment epithelium
detachment; (3) worsening of at least 1 line of visual acuity; and (4)
new subretinal hemorrhage. Follow-up visits, including OCT, were
schedule to be performed 1 month after each intravitreal injection.
Optical coherence tomography was performed and its data were
analyzed separately by 3 retinal specialists (C.E.V., TM.K,,
F.B.P.). Each retinal physician was blinded to the classifications
determined by the others. If there was any disagreement, they
evaluated the data simultaneously and came to a consensus. All
intravitreal injections were performed by a single retinal specialist
(M.B.N.).

Results

A total of 396 eyes of 295 patients were diagnosed with neo-
vascular AMD. From this total, 166 eyes (41.9%) presented with
VMA. A total of 125 eyes of 112 patients met the inclusion criteria
and were evaluated in this study. The mean age was 70.6 years
(range, 52—84 years), and 62 patients (55.4%) were female. A total
of 68 eyes (54.4%) were phakic, and 57 eyes (45.6%) were
pseudophakic. The mean follow-up period was 21.3 months
(range, 3—59 months). The mean number of intravitreal injections
was 8.3 (range, 3—29 injections). Patients who developed PVD
required a mean of 7.9 injections, and patients with persistent
VMA required a mean of 8.3 injections. Intravitreal drugs used in
the study were ranibizumab (51.5%), bevacizumab (33.5%), and
aflibercept (15.0%). Seven eyes (5.6%) developed PVD after
intravitreal drug injection (3 eyes after the first intravitreal

Figure 2. Example of optical coherence tomography scan showing posterior vitreous detachment.
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injection: bevacizumab in 1 and ranibizumab in 2; 2 eyes after the
second injection: ranibizumab in 1 and bevacizumab in 1; 1 eye
after the fourth and last injection: ranibizumab; 1 eye after the sixth
and last injection: aflibercept). A total of 118 eyes remained with
persistent VMA. Patients who developed PVD had the following
ages: 78, 56, 77,75, 63, 61, and 66 years. Three of those eyes were
phakic, and 4 were pseudophakic. Of the total of 125 eyes included
in the study, 25 (20.0%) had the diagnosis of polypoidal choroidal
vasculopathy, 11 (8.8%) had the diagnosis of retinal angiomatous
proliferation, and 89 (71.2%) had the diagnosis of typical AMD.
All eyes that developed PVD after intravitreal anti-VEGF injection
were typical AMD cases. Of the total of 125 eyes, 10 were clas-
sified as having focal VMA and 115 showed broad VMA. All 7
eyes that developed PVD were classified as having focal VMA,
with the diameter of vitreous attachment ranging from 210 to 1146
pum (mean, 600 pm).

Discussion

Several previous studies have suggested an association be-
tween VMA and neovascular AMD, suggesting that PVD
may protect against neovascular AMD, whereas VMA may
promote this form of the disease.'* These reports pointed to
higher rates of VMA and lower rates of PVD in eyes with
neovascular AMD compared with eyes with dry AMD or no
disease. The reported incidence of VMA in the literature
ranges from 12.2% to 48.5%.' """ In our study, 166 eyes
(41.9%) presented VMA. It is possible that persistent VMA
influences the development of choroidal neovascularization
through induction of chronic low-grade inflammation, pre-
vention of diffusion of oxygen and nutrients to the macula, or
confinement of proangiogenic cytokines in the macula.”'*""!
Vitreomacular adhesion also may explain the poor
response to anti-VEGF treatment for choroidal neo-
vascularization in some cases. A recent study supported
the theory that an attached posterior hyaloid may create a
semipermeable barrier to molecules that cross the vitreor-
etinal junction, and a PVD may allow for increased diffu-
sion across this junction.'” On the basis of this theory, it
seems that VMA may be partially responsible for a
worse response to anti-VEGF therapy.”” Therefore, PVD
possibly induced by intravitreal injections of drugs
commonly used to treat AMD could favor the outcome.
The purpose of our study was to investigate whether
intravitreal injection induces PVD in eyes with neovascular
AMD. Only 1 previous study evaluated the occurrence of
PVD after intravitreal drug injection for different macular
pathologies and showed that this procedure may lead to
PVD. Geck et al® prospectively evaluated 61 eyes within a
mean follow-up period of only 11.1 weeks. They showed
that 15 eyes (24.6%) developed a PVD after intravitreal
injection (n = 6 after ranibizumab, n = 7 after bevacizumab,
and n = 2 after triamcinolone). They also performed
spectral-domain OCT (Cirrus-OCT; Zeiss, Jena, Germany)
to better analyze the presence of VMA.® Unlike this only
previously published study, our findings showed that
intravitreal injection of anti-VEGF agents rarely induces
PVD. The study conducted by Geck et al involved a mixture
of different underlying diseases (neovascular AMD, diabetic
macular edema, macular edema secondary to retinal vein
occlusions, and cystoid macular edema due to cataract

surgery or uveitis).” These different clinical entities might
themselves have an influence on the development of PVD
because inflammation or recent cataract extraction may
promote hyaloid detachment.

In this study, 3 eyes developed PVD after the first
intravitreal injection, 2 eyes developed PVD after the second
injection, 1 eye developed PVD after the fourth and last
injection, and 1 eye developed PVD after the sixth and last
injection. For a consistent evaluation of the effect of induced
PVD on the visual outcome and the number of required
injections, a longer follow-up period before and after the
occurrence of PVD should be available for each of these
patients. In addition, the small number of eyes that devel-
oped PVD in our study does not allow a reliable statistical
analysis. Therefore, we could not evaluate the effect of the
induced PVD on the response to treatment. Posterior vitre-
ous detachment could occur spontaneously because of the
natural history and not necessarily be related to the in-
jections. However, the fact that all 7 eyes developed PVD
within a relatively short period after intravitreal injections
indicates that, rather than being coincidental, PVD in these
cases might have been induced by the intravitreal injections.
It is not clear whether PVD occurred as the result of a
pharmacologic or mechanical effect of the injection.

A previous multicenter, randomized, double-blind study
involving patients with vitreomacular traction and macular
holes demonstrated that 10.1% of the eyes treated with a
placebo injection (0.10 ml volume) showed resolution of
VMA 28 days after the procedure, suggesting that the me-
chanical effect of the injection may be relevant.'” It is
important to note that, in that study, all treated patients
had focal macular adhesion, defined as vitreous adhesion
to the macula within a 6-mm central retinal field. By
contrast, our study included eyes with focal VMA (<1500
pm) and broad vitreous adhesion, and the overall
incidence of vitreous release after injections was only
5.6%. However, if we considered only eyes with focal
VMA, the incidence would be higher (7/10 eyes). These
differences could be explained by differences between the
2 studies, including different diseases, different criteria to
define focal VMA, and multiple injections and a longer
follow-up period in our study. The 1500-um cutoff has
been selected in this study for several reasons. The 1500-pm
diameter is a known area of increased vitreous adhesion to
the fovea. In addition, it has been used routinely to distin-
guish focal from broad VMA in the published vitreoretinal
literature and at most OCT reading centers.'*"'* Moreover, it
was also the basis for the recent classification used by the
International Vitreomacular Traction Study Group.'

Study Limitations

It would be reasonable to expect that a greater injected
volume could be associated with a higher proportion of
induced PVD cases. However, only 2 eyes that developed
PVD were submitted to 0.1 ml bevacizumab. A limitation of
our study was the lack of an age-matched control group,
which led us to compare our findings with published data.’
John et al'® recently evaluated 106 eyes of 81 patients with
idiopathic VMA who were followed for a mean period of 23
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months. By the last follow-up visit, spontaneous release of
VMA occurred in 34 of those eyes (32%), a significantly
higher incidence compared with ours. It is important to note
that idiopathic VMA cases are more prone to imminent PVD
because there is usually a smaller area of vitreous attach-
ment in such eyes. However, the majority of our cases
presented a broad VMA, and only patients with focal VMA
developed PVD after anti-VEGF injections.

In conclusion, our study suggests that focal VMA is a
significant factor for PVD, but when all eyes with VMA
(broad and focal) were evaluated, it was observed that in-
jections of commonly used intravitreal anti-VEGF drugs
rarely induced PVD in patients with neovascular AMD.
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CONCLUSAO DO SEGUNDO TRABALHO:

O segundo estudo demonstrou que a AVM focal é fator significativo para
DVP mas, quando todos os olhos com AVM (ampla e focal) foram avaliados,
observou-se que as injegdes intravitreas de drogas anti-VEGF, raramente,

induziram DVP em pacientes com DMRI neovascular.

O DVP pode ocorrer espontaneamente por causa da histéria natural e
nao necessariamente estar relacionado as inje¢des. No entanto, o fato de todos
os sete olhos terem desenvolvido DVP em um periodo relativamente curto apés
injecdes intravitreas, indica que, em vez de coincidéncia, o DVP nesses casos
pode ter sido induzido pelas injegcbes intravitreas. N&o esta claro se o DVP

ocorreu como resultado de efeito farmacolégico ou mecanico da injegao.
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OBJETIVOS DO TERCEIRO TRABALHO:

PRINCIPAIS:

- Avaliar a espessura subfoveal da coroide (ESC) e o efeito do

tratamento antiangiogénico nos subtipos de DMRI neovascular;
- Identificar eventual correlagao entre a ESC e o numero de injecoes;

- Avaliar a correlagdo entre a ESC e a acuidade visual em todos os

pacientes da amostra e entre os subtipos.

O terceiro trabalho “Subfoveal choroidal thickness in eyes with
neovascular age-related macular degeneration treated with anti-vascular
endothelial growth factor agents” foi submetido, em julho de 2017, a revista
Ophthalmologica e encontra-se a seguir precedido pelo seu resumo em

portugués.
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RESUMO DO TERCEIRO TRABALHO:

TITULO: Espessura subfoveal da coroide em olhos com degeneracdo macular
relacionada a idade (DMRI) forma neovascular tratados com agentes anti-fator

de crescimento endotelial vascular (VEGF).

OBJETIVO: Avaliar a espessura subfoveal da cordide (ESC) e o efeito do
tratamento com agentes anti-VEGF nos subtipos de DMRI neovascular.
MATERIAL E METODOS: Foram estudados 128 olhos de 107 pacientes com
DMRI neovascular. Avaliou-se prospectivamente a acuidade visual (AV) e a
ESC no baseline, trés, seis e doze meses apds o tratamento com agentes anti-
VEGF. Os pacientes foram subdivididos nos subtipos DMRI tipica, vasculopatia
polipoidal da coroide (PCV) e proliferagdo angiomatosa da retina (RAP).
RESULTADOS: dos 107 pacientes, 60 eram do sexo feminino e 47 eram do
sexo masculino; a média de idade foi de 73,6 + 8,9 anos. Oitenta e cinco
(66,4%), 31 (24,2%) e 12 (9,4%) olhos foram atribuidos aos subtipos tipica,
PCV e RAP, respectivamente. A média da AV no baseline foi 0,75 + 0,26, 0,72
+ 0,21 € 0,77 + 0,24 logMAR nos subtipos tipica, PCV e RAP, respectivamente
(p = 0,774). A média da ESC no baseline foi 203,20 um + 35,80 ym, 271,80 um
+ 24,50 ym e 182,93 uym = 31,31 ym nos subtipos tipica, PCV e RAP,
respectivamente (p <0,001). A média de ESC diminuiu significativamente desde
o baseline até trés, seis e doze meses apos o tratamento. O subtipo RAP
apresentou diminuigdo significativamente maior na ESC em comparagao aos
outros subtipos (p = 0,01). Nao houve correlagédo entre a redugao percentual da
ESC e o numero de injecdes (r = - 0,02; p = 0,823). Nao houve associagao
entre a ESC basal e a acuidade visual final aos 12 meses (r = 0,0; p = 0,586).
CONCLUSOES: A ESC foi maior nos olhos com PCV e menor nos olhos com
RAP. A reducédo na ESC apods o tratamento foi maior nos casos de RAP. A
diminuicdo da ESC apds doze meses de tratamento anti-VEGF nao foi
associada ao numero de injegdes e ndo houve correlagéo entre a ESC basal e

a acuidade visual final em todos os subtipos de DMRI.
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Summary statement: No previous studies have evaluated the relationship
between SFChT and visual outcome in AMD subtypes. In the present study, we
aimed to examine the change in SFChT after treatment in various AMD
subtypes, and to assess the relation between such changes after treatment and

visual outcome over a 12-month follow-up period using EDI-OCT.



Abstract

Purpose: We aimed to assess the subfoveal choroidal thickness (SFChT) and the
effect of treatment with anti-vascular endothelial growth factor (VEGF) agents on the

SFChT in age-related macular degeneration (AMD) subtypes.

Methods: We enrolled 128 eyes of 107 patients with neovascular AMD (60 women; 47
men; mean age, 73.6 £ 8.9 years), and prospectively evaluated the best-corrected
visual acuity (BCVA) and SFChT at baseline, and 3, 6 and 12 months after treatment
with anti-VEGF agents. Patients were assigned to the typical AMD, polypoidal

choroidal vasculopathy (PCV), and retinal angiomatous proliferation (RAP) subgroups.

Results: In total, 85 (66.4%), 31 (24.2%), and 12 (9.4%) eyes were assigned to the
typical AMD, PCV, and RAP subgroups, respectively. The baseline mean BCVA was
0.75+0.26, 0.72 £ 0.21, and 0.77 + 0.24 logMAR in the typical AMD, PCV, and RAP
subgroups, respectively (p=0.774). The baseline mean SFChT was 203.20 + 35.80,
271.80 + 24.50, and 182.93 + 31.31 pym in the typical AMD, PCV, and RAP subgroups,
respectively (p<0.001). Mean SFChT significantly decreased from baseline to 3, 6, and
12 months after treatment. The RAP subtype presented a significantly higher decrease
in SFChT as compared to the other subtypes (p=0.01). The percentage reduction in
SFChT was not significantly correlated with the number of injections (r=-0.02; p=0.823).
No association was observed between baseline SFChT and final visual acuity at 12

months (r=0.0; p=0.586).

Conclusions: SFChT was greatest in eyes with PCV and least in eyes with RAP. The
reduction in SFChT after treatment was greater in the RAP cases. The decrease in
SFChT after 12 months of anti-VEGF treatment was not associated with the number of
injections and there was no correlation between the baseline SFChT and visual acuity

in all AMD subtypes.



Introduction

Age-related macular degeneration (AMD) is associated with significant visual
morbidity, and is the leading cause of irreversible blindness in the developed
world.[1] The pathogenesis and risk factors for the development of AMD remain
unclear.[2] The introduction of indocyanine green (ICG) angiography has
enabled better visualization of choroidal circulation, and thus, neovascular AMD
has become recognized as a broad spectrum of diseases that includes
distinctive subtypes such as polypoidal choroidal vasculopathy (PCV) and
retinal angiomatous proliferation (RAP). Further advancements in spectral
domain optical coherence tomography (SD-OCT) has facilitated cross-sectional
imaging of the retina with adequate resolution, which has consequently
improved our understanding of these AMD subtypes.[3-5] Detailed imaging of
the choroidal cross-section has also been recently achieved through the use of
the Heidelberg Spectralis™ SD-OCT device with enhanced depth imaging
(EDI).[6] In cases of neovascular AMD, the measurement of choroidal thickness
with this method appear to be important not only for diagnosis, but also for the
evaluation of therapeutic intervention.[7-12] Recently, new versions of other
OCT’s equipment have also been able to perform such measurements.
Patients with AMD reportedly have a reduced choroidal thickness as compared
to age-matched normal controls. [13,14] Furthermore, different AMD subtypes
have distinct characteristics. Recently, some researchers have reported that the
subfoveal choroidal thickness (SFChT) is greater in eyes with PCV than in eyes
with typical AMD.[15,16] Moreover, eyes with RAP had a significantly thinner
subfoveal choroid as compared to normal eyes, and the morphologic features in

these cases might be related to the pathologic mechanism of RAP.[17] Some



studies have evaluated the choroidal thickness after anti-vascular endothelial
growth factor (VEGF) treatment, but have indicated controversial
results.[7,9,11,12,18,19,20,21,22] Additionally, SFChT was recently found to be
a predictive factor for visual outcome and treatment response in typical
neovascular AMD.[18] To our knowledge, no previous studies have evaluated
the relationship between SFChT and visual outcome in different AMD subtypes.
Hence, in the present study, we aimed to examine the change in SFChT after
treatment in various AMD subtypes, and to assess the relation between such
changes after treatment and visual outcome over a 12-month follow-up period

using EDI-OCT.

Methods

Study design

All the subjects of this prospective study were informed of the nature of the study
and they provided consent, and the research adhered to the tenets of the
Declaration of Helsinki. The ethics committees of both the Institute of Vision and
the Federal University of Minas Gerais in Belo Horizonte, Brazil, have approved

the study.

Patients

We considered patients who were diagnosed with AMD from June 2012 to
August 2015 at the Institute of Vision, and who underwent a complete
ophthalmologic examination, including slit-lamp biomicroscopy, color fundus
photography, fluorescein angiography, and OCT. Indocyanine green
angiography was performed when neovascular AMD subtypes (PCV and RAP)

were suspected. The inclusion criteria were as follows: age = 50 years;



diagnosis of active neovascular AMD; indication for treatment with anti-VEGF
agents in either eye, follow-up for a minimum of 12 months; and visual acuity =
20/400. The exclusion criteria were as follows: cicatricial AMD, choroidal
neovascularization secondary to any cause, except for AMD; concomitant
inflammatory ocular disease; eyes that had undergone vitrectomy or
photodynamic therapy; and other ocular conditions that might affect visual
acuity.

The diagnostic criteria for PCV were based on a previous study, and diagnosis
was made based on data from fundus examinations, ICG angiography [23], and
FA and SD-OCT examinations. Definite cases of PCV exhibited early subretinal
focal ICG angiogram hyperfluorescence (i.e., hyperfluorescence that appeared
within the first 6 min after ICG injection) and at least one of the following
angiographic or clinical findings: hyperfluorescence associated with a branching
vascular network; presence of a pulsatile polyp; a nodular appearance in the
stereoscopic view; presence of a hypofluorescent halo in the first 6 min;
presence of orange subretinal nodules in the stereoscopic color fundus
photograph; and hyperfluorescence associated with massive submacular
hemorrhage (defined as hemorrhage of at least 4 disk areas). The diagnostic
criteria for RAP were based on a previous study and included data from the
fundus examination, FA and ICG angiography, as well as from SD-OCT. [24]
Definite cases should have the following findings: preretinal, intraretinal, or
subretinal hemorrhage; intraretinal edema; presence of retinal dilated perfusing
arterioles or draining venules or the presence of serous epithelial detachment
and presence of focal ICG angiogram hyperfluorescence (i.e., “hot spot”),

retinal-retinal anastomosis, or retinal-choroidal anastomosis. Patients with



neovascular AMD without signs that would lead to a diagnosis of PCV or RAP

were diagnosed with typical AMD.

Anti-VEGF treatment

Intravitreal anti-VEGF injections were performed using bevacizumab (1.25
mg/0.05 ml; Avastin®, Genentech Inc.), ranibizumab (0.5 mg/0.05 mL,;
Lucentis®, Genentech Inc.), or aflibercept (40 mg/ml; Eylea®, Bayer). All
intravitreal anti-VEGF injections were performed in the operating room by a
single retinal specialist with an aseptic technique; prophylaxis with 5% topical
iodopovidone was ensured. All the patients were treated in accordance with a
protocol that included a loading dose with 3 intravitreal injections at 1-month
intervals. After the third dose, the patients followed a pro re nata regimen, with
monthly visits. Retreatment criteria were as follows: persistence of or increase
in intra- or subretinal fluid; increase of retinal pigment epithelial detachment;
worsening of at least one line of VA; and new subretinal hemorrhage.
Furthermore, after the first injection, there was a possibility of exchange of the

intravitreous drug.

Measurement of SFChT using EDI-OCT

Optical coherence tomography images were obtained using a 20 B-scans
horizontal raster protocol and 9-mm vertical and horizontal linear scans in EDI
mode. All 20 B-scans were acquired in a continuous, automated sequence, and
covered a 30° x 15° area of the macula. Each scan was 9.0 mm in length, and
was spaced 240 uym apart from each other. To determine the SFChT, the

vertical distance was measured manually at the fovea, from the hyperreflective



line of Bruch’s membrane to the hyperreflective line of the chorioscleral
interface, by using the caliper tool of the OCT Heidelberg Eye Explorer software
(Heidelberg Engineering). The SFChT was measured at baseline, and at 3, 6
and 12 months after the initial anti-VEGF treatment. Certified OCT technicians
acquired the OCT scans, and 3 retinal specialists (TCK, CEV and MBN)

analyzed the results.

Visual acuity measurement

Best-corrected visual acuity (BCVA) was measured at baseline and at 1, 2, 3, 6,
and 12 months after the initial anti-VEGF treatment. The BCVA was determined
by a masked physician using a Snellen chart, and was then converted to the

logarithm of the minimal angle of resolution (logMAR) value. [25]

Statistical analysis

All variables were tested for normal distribution using the Kolmogorov—Smirnov
test. Categorical variables were compared using the Fisher’s exact test. To
assess the magnitude and direction of the association between SFChT and
BCVA at baseline and at 3, 6, and 12 months after treatment, the Pearson
correlation test was used. Contingency tables were used to assess the
association between the number of injections and the type of drug in each
subgroup. Pearson’s chi-square test was adopted to test the statistical
significance of the association between these variables. The Kruskal-Wallis test
was used to compare the SFChT (throughout the study period) with the number
of injections. The survey data were processed in the statistical program
Predictive Analytics Software (PASW 18). Statistically significant associations

were considered at a p value of <0.05.



Results

Baseline characteristics

In total, 128 eyes from 107 patients (60 women and 47 men; mean age, 73.6 +
8.9 years) with a diagnosis of neovascular AMD were included. After FA, ICG,
and OCT analysis, the eyes with neovascular AMD were categorized into 3
subgroups: 85 (66.4%), 31 (24.2%), and 12 (9.4%) eyes were assigned to the
typical AMD, PCV, and RAP subgroups, respectively. The mean age of patients
in typical AMD, PCV, and RAP subgroups was 72.9 + 9.5, 73.5 + 7.6, and 78.5
+ 5.7 years, respectively; although patients with RAP were older, the ages did
not significantly differ among the subgroups (p=0.121). The mean baseline
BCVA in the typical AMD, PCV, and RAP subgroups was 0.75 + 0.26, 0.72 +
0.21, and 0.77 + 0.24 logMAR, respectively, and the value did not significantly
differ among the groups (p=0.774). The mean baseline SFChT in the typical
AMD, PCV, and RAP subgroups was 203.20 + 35.80, 271.80 + 24.50, and
182.93 + 31.31 pym, respectively; this value significantly differed among the
groups (p<0.001), and was greatest in the PCV group and least in the RAP
group. No significant correlation (p=0.05) was observed between the baseline
SFChT value and patient age. The mean number of intravitreal injections
performed during the study was 4.7 + 1.8 overall, but was 4.9 £ 1.6, 5.0 = 1.6,
and 4.9 + 1.5 in the in typical AMD, RAP, and PCV subgroups, respectively; this

value did not significantly differ between the groups.

Visual acuity and optical coherence tomography outcomes

All subtypes



When all the patients were considered, the BCVA indicated a significant
improvement from baseline to 1, 2, 3 and 6 months and no statistically
significant difference was noted when BCVA was analyzed between baseline
and 12 months after treatment. When BCVA was analyzed between months 1,
2, 3, 6 and 12 (post-hoc test) no statistically significant difference was noted.
The mean SFChT significantly decreased from baseline to 3, 6, and 12 months
after treatment (Table 1). The Pearson’s correlation test showed that a better
BCVA at baseline was associated with a better BCVA at the end of the
treatment; this correlation was considered very strong (r=0.70; p<0.001). The
Pearson’s correlation test also demonstrated a positive association between the
visual acuity at 12 months after treatment and the number of injections
performed, although this association was not significant (r=-0.16; p=0.076). No
association was observed between the BCVA measured at 12 months after
treatment and baseline SFChT (r=0.0; p=0.586). The SFChT measured at 12
months after treatment was significantly associated with the baseline SFChT
(r=0,98; p<0.001). Furthermore, the Pearson correlation test did not show any
significant correlation between the number of injections and the percentage of
SFChT reduction (r=-0.02; p=0.823). No correlation was also observed between

patient age and SFChT reduction (r=-0.05; p=0.622).

AMD subtypes

There was no significant difference (p=0.05) among the 3 subtypes in terms of
BCVA at baseline and at other visits. For all the subtypes, there was a
significant reduction on the percentage of the SFChT when comparing baseline
and 12 months (p< 0.05; Figure 1). The RAP subtype demonstrated a more

significant decrease, while the typical and PCV subtypes difference was not
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statistically significant (Table 2). When considering all the patients and
subtypes, the magnitude of correlation between the change in BCVA and the
percentage of SFChT reduction over time was calculated and found to be
practically null, which means that there was no relationship between these 2
variables (p>0.05) either for all subtypes or for each of them separately (Figure

2).

Discussion

The choroidal structure is of particular interest in AMD because the
abnormalities of choroidal circulation have been hypothesized to contribute to
AMD development.[26] Some studies suggest that AMD might be a vascular
disease, wherein inadequate choroidal perfusion leads to hypoxia and ischemia
of the retinal pigment epithelium along with the subsequent production of VEGF,
which ultimately results in choroidal neovascularization.[27,28]The choroid is
known to have a dynamic role in the pathogenesis of AMD, and a few previous
studies have examined the thickness of the choroid in different AMD subtypes
and the influence of anti-VEGF treatment on the SFChT. Our study was
designed to evaluate the change in choroidal thickness and the relationship
between the SFChT and the change in visual acuity after treatment with anti-
VEGF agents in all AMD subtypes.

In the present study, eyes with neovascular AMD were categorized into 3
subgroups: 66.4%, 24.2%, and 9.4% were diagnosed with typical AMD, PCV,
and RAP, respectively, which is representative of characteristics of AMD
patients of Caucasian origin evaluated by ICG angiography.[29] It has been
suggested that RAP is more prevalent in older patients, whereas PCV

predominantly occurs in middle-aged to elderly subjects, most commonly
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affecting patients in their 50s or 60s.[30,31] In the present study, the mean age
of patients diagnosed with RAP was higher, although this difference was not
statistically significant.

We did not observe any significant difference (p=0.05) among the 3 subtypes in
terms of the BCVA value at baseline. The BCVA slightly increased at 1 month
and then stabilized at all subsequent visits, and no significant difference was
observed between the groups at any time-point. It is known that randomized
clinical trials present better visual outcomes than real-life studies, such as the
present one. [32,33] There are many reasons for such differences, including the
selection of patients for treatment and the number of visits and retreatments;
although the analysis of this difference is important, the discussion on this topic
is beyond the scope of the present study. In this study, we found that the
baseline BCVA was the most important factor correlated with a better BCVA at
12 months after treatment. This finding is consistent with the results of previous
studies, which analyzed the baseline characteristics with predictive value for
visual prognosis and treatment frequency in ranibizumab-treated patients with
wet AMD. The baseline predictors of visual acuity 20/40 or better, at 12 months,
included better baseline BCVA, smaller total choroidal neovascularization
leakage area, and presence of subretinal fluid. [34]

A previous study performed EDI in eyes with PCV and typical neovascular
AMD, and compared them to age-matched controls. They found a significantly
greater SFChT in eyes with PCV (438.3+87.8 ym, p<0.001), and reduced
SFChT in eyes with typical AMD (171.2+38.5 um, p=0.004), as compared to
age-matched controls. The authors further proposed that choroidal thickness,

as imaged by EDI-OCT, might be a useful diagnostic marker for differentiating
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PCV from typical AMD.[35] In the present study, we found that, at baseline,
patients diagnosed with PCV had the greatest SFChT, whereas patients with
RAP had the least SFChT. These findings are in agreement with the previously
published data. [8,9,15,16,17] It is possible that the thin choroid is related to the
pathologic mechanism of RAP. However, the precise reason for reduced
choroidal thickness in such patients remains unclear.

No significant correlation was observed between the SFChT and patient age in
the present study. It is possible that the relatively narrow ranges of age
distribution in this study led to a failure in detecting an existing correlation.

The results of our study demonstrated a reduction in OCT choroidal
measurements among patients diagnosed with AMD and treated with anti-
VEGF agents during a 1-year follow-up period. The present study showed that
the percentage of SFChT reduction was higher in the RAP group, when
compared to the other subtypes. Several studies have evaluated the influence
of anti-VEGF treatment on the SFChT in patients with AMD, and have reported
controversial results. [7,9,11,12,18,19,20,21,22] In the present study, we
evaluated all the AMD subtypes and employed 3 types of anti-VEGF agents
using a pro re nata regimen, and observed a reduction in the SFChT among
patients with all AMD subtypes treated with anti-VEGF agents after 12 months.
Although the reduction was numerically similar between the 3 subtypes, the
percentage of reduction in the RAP group was higher than that in PCV and
typical subtypes. This can be explained by the fact that patients with RAP
usually present with a reduced SFChT at baseline.

There are 2 possible hypotheses to explain the decrease in SFChT observed in

this study. Patients with neovascular AMD might experience accelerated
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choroidal thinning due to vascular or metabolic factors, which might contribute
to the pathogenesis of AMD. Another possibility is that the treatment for
neovascular AMD with intravitreal anti-VEGF agents might decrease the
SFChT. VEGF is expressed in the retinal pigment epithelium of normal eyes,
where it is thought to be a trophic factor for the choriocapillaris and considered
to play a role in choriocapillaris survival and permeability. VEGF-A is a
glycoprotein that is believed to have an important role in the regulation of the
choroidal vasculature. [36-38] Therefore, continuous VEGF blockage with anti-
VEGF agents in the treatment of neovascular AMD could negatively affect the
maintenance of the choroid. Clinically, it has been demonstrated that retinal
pigment epithelial cells undergo progressive atrophy in neovascular AMD
patients undergoing treatment with intravitreal anti-VEGF therapy, although it is
unclear whether this change is related to anti-VEGF treatment or a
consequence of the natural history of the disease. [36]

The relationship between SFChT and visual outcome in neovascular AMD was
recently reported by Kang et al. They suggested that the baseline SFChT might
be a predictive factor for the visual outcome and treatment response in typical
exudative AMD after intravitreal ranibizumab injections during a 6-month follow-
up period. The authors believed that patients with a relatively thicker choroid at
baseline might have more choroidal blood supply and a larger choriocapillaris,
which might have led to a greater potential for recovery after treatment. In
addition, reduced choroidal thickness in AMD patients might represent a more
prolonged and/or severe disease status, which could limit the treatment
efficacy. [18] In contrast, the present study found no correlation between the

baseline SFChT and visual acuity in all AMD subtypes. To our knowledge, this
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is the first study to analyze the relationship between SFChT and visual acuity in
each of the AMD subtypes.

Our study showed no relationship between the number of intravitreal anti-VEGF
injections and the reduction of SFChT in the eyes of patients with neovascular
AMD. This is in agreement with the findings of Rahman et al. who obtained
similar results in a small case series of 15 patients. [39] Nevertheless, this result
should be interpreted with care, as the number of injections between 3 and 12
months was generally low, similar to that in other real-life studies. [40]

The present study has certain limitations. The number of patients enrolled in all
AMD subtypes was unequal and relatively low in the RAP and PCV groups,
which prevents a more reliable analysis of the data. The lack of a control group
for comparison to assess the real effect of anti-VEGF treatment on SFChT
measurements is another limitation of this manuscript.

In conclusion, this study found that there is no correlation between baseline
SFChT and final visual acuity at 12 months. Furthermore, this study also
showed that there is a decrease in the SFChT in all AMD subtypes treated with
anti-VEGF over a 12-month follow-up period. A higher percentage of reduction
in SFChT was observed in patients diagnosed with RAP. It is unclear whether
this decrease represents the natural history of the different AMD subtypes, or

whether it is related to treatment with anti-VEGF agents.

References

1. Klein R, Peto T, Bird A, Vannewkirk MR. The epidemiology of age-related

macular degeneration. Am J Ophthalmol 2004; 137:486-495.

15



2. Nowak JZ. Age-related macular degeneration (AMD): pathogenesis and
therapy. Pharmacol Rep 2006; 58:353-363.

3. Yannuzzi LA, Ciardella A, Spaide RF, Rabb M, Freund KB, Orlock DA. The
expanding clinical spectrum of idiopathic polypoidal choroidal vasculopathy.
Arch Ophthalmol 1997; 115:478-485.

4. Yannuzzi LA, Negrao S, lida T, et al. Retinal angiomatous proliferation in
age-related macular degeneration. Retina 2001; 21:416-434.

5. Liakopoulos S, Ongchin S, Bansal A, et al. Quantitative optical coherence
tomography findings in various subtypes of neovascular age-related macular
degeneration. Invest Opthalmol Vis Sci 2008; 49:5048-5054.

6. Spaide RF, Koizumi H, Pozzoni MC. Enhanced depth imaging spectral-
domain optical coherence tomography. Am J Ophthalmol 2008; 146:496-500.
7. Ogasawara M, Maruko I, Sugano Y, Ojima A, Sekiryu T, lida T. Retinal and
choroidal thickness changes following intravitreal ranibizumab injection for
exudative age-related macular degeneration. Nippon Ganka Gakkai Zasshi
2012; 116:643-649.

8. Maruko |, lida T, Sugano Y, Saito M, Sekiryu T. Subfoveal retinal and
choroidal thickness after verteporfin photodynamic therapy for polypoidal
choroidal vasculopathy. Am J Ophthalmol 2011; 151:594-603.

9. Maruko |, lida T, Oyamada H, Sugano Y, Ojima A, Sekiryu T. Choroidal
thickness changes after intravitreal ranibizumab and photodynamic therapy in
recurrent polypoidal choroidal vasculopathy. Am J Ophthalmol 2013; 156:548-

556.

16



10. Koizumi H, Kano M, Yamamoto A, et al. Short-term changes in choroidal
thickness after aflibercept therapy for neovascular age-related macular
degeneration. Am J Ophthalmol 2015; 159:627-633.

11. Yamazaki T, Koizumi H, Yamagishi T, Kinoshita S. Subfoveal choroidal
thickness after ranibizumab therapy for neovascular age-related macular
degeneration: 12-month results. Ophthalmology 2012; 119:1621-1627.

12. Ellabban AA, Tsujikawa A, Ogino K, et al. Choroidal thickness after
intravitreal ranibizumab injections for choroidal neovascularization. Clin
Ophthalmol 2012; 6:837-844.

13. Coscas F, Puche N, Coscas G, et al. Comparison of macular choroidal
thickness in adult onset foveomacular vitelliform dystrophy and age-related
macular degeneration. Invest Ophthalmol Vis Sci 2014; 55:64-69.

14. Sohn EH, Khanna A, Tucker BA, Abramoff MD, Stone EM, Mullins RF.
Structural and biochemical analyses of choroidal thickness in human donor

eyes. Invest Ophthalmol Vis Sci 2014; 55:1352-1360.

15. Koizumi H, Yamagishi T, Yamazaki T, Kawasaki R, Kinoshita S. Subfoveal

choroidal thickness in typical age-related macular degeneration and polypoidal

choroidal vasculopathy. Graefes Arch Clin Exp Ophthalmol 2011; 249:1123-
1128.

16. Chung SE, Kang SW, Lee JH, Kim YT. Choroidal thickness in polypoidal
choroidal vasculopathy and exudative age-related macular degeneration.
Ophthalmology 2011; 118:840-845.

17. Yamazaki T, Koizumi H, Yamagishi T, Kinoshita S. Subfoveal choroidal

thickness in retinal angiomatous proliferation. Retina 2014; 34:1316-1322.

17



18. Kang HM, Kwon HJ, Yi JH, Lee CS, Lee SC . Subfoveal choroidal thickness
as a potential predictor of visual outcome and treatment response after
intravitreal ranibizumab injections for typical exudative age-related macular
degeneration. Am J Ophthalmol 2014; 157:1013-1021.

19. Gharbiya M, Cruciani F, Mariotti C, Grandinetti F, Marenco M, Cacace V.
Choroidal thickness changes after intravitreal antivascular endothelial growth
factor therapy for age-related macular degeneration: ranibizumab versus
aflibercept. J Ocul Pharmacol Ther 2015; 31:357-362.

20. Ting D, Ng WY, Ng SR, Tan SP,et al. Choroidal thickness changes in age-
related macular degeneration and polypoidal choroidal vasculopathy: a 12-
month prospective study. Am J Ophthalmol 2016; 164:128-134.

21. Yun C, Oh J, Ahn J, et al. Comparison of intravitreal aflibercept and
ranibizumab injections on subfoveal and peripapillary choroidal thicknessi n
eyes with neovascular age-related macular degeneration. Graefes Arch Clin
Exp Ophthalmol 2016; 254:1693

22. Koizumi H, Kano M, Yamamoto A, et al. Subfoveal choroidal thickness
during aflibercept therapy for neovascular age-related macular degeneration.
Ophthalmology 2016; 123:617-624.

23. Koh A, Lee WK, Chen LJ, et al. EVEREST study: efficacy and safety of
verteporfin photodynamic therapy in combination with ranibizumab or alone
versus ranibizumab monotherapy in patients with symptomatic macular
polypoidal choroidal vasculopathy. Retina 2012; 32:1453-1464.

24. Yannuzzi LA, Negrao S, lida T, et al. Retinal angiomatous proliferation in

age-related macular degeneration. Retina 2001; 21:416-434.

18



25.Holladay JT. Proper method for calculating average visual acuity. J Refract
Surg 1997; 13:338-391.

26. Grunwald JE, Hariprasad SM, DuPont J, et al. Foveolar choroidal blood flow
in age-related macular degeneration. Invest Ophthalmol Vis Sci 1998; 39:385-
390.

27. Grossniklaus HE, Green WR. Choroidal neovascularization. Am J
Ophthalmol 2004; 137:496-503.

28. Friedman E. A hemodynamic model of the pathogenesis of age-related
macular degeneration. Am J Ophthalmol 1997; 124:677-682.

29. Pereira FB, Veloso CE, Kokame GT, Nehemy MB. Characteristics of
neovascular age-related macular degeneration in Brazilian patients.
Ophthalmologica 2015; 234:233-242.

30. Maruko [, lida T, Saito M, Nagayama D, Saito A. Clinical characteristics of
exudative age-related macular degeneration in Japanese patients. Am J
Ophthalmol 2007; 144:15-22.

31. Ciardella AP, Donsoff IM, Yannuzzi LA. Polypoidal choroidal vasculopathy.
Ophthalmol Clin North Am 2002; 15:537-554.

32. Heier JS et al. Intravitreal aflibercept for diabetic macular edema: 148-week
results from the VISTA and VIVID studies. Ophthalmology 2016; 123:2376-
2385.

33. Boyer DS, Nguyen QD, Brown DM, Basu K, Ehrlich JS, RIDE and RISE
Research Group. Outcomes with as-needed ranibizumab after initial monthly
therapy: long-term outcomes of the phase Ill RIDE and RISE trials.

Ophthalmology 2015; 122:2504-2513.

19



34. Regillo CD, Busbee BG, Ho AC, Ding B, Haskova Z. Baseline predictors of
12-month treatment response to ranibizumab in patients with wet age-related
macular degeneration. Am J Ophthalmology 2015; 160:1014-1023.

35. Chung SE, Kang SW, Lee JH, Kim YT. Choroidal thickness in polypoidal
choroidal vasculopathy and exudative age-related macular degeneration.
Ophthalmology 2011; 118:840-845.

36. Adamis AP, Shima DT. The role of vascular endothelial growth factor in
ocular health and disease. Retina 2005; 25:111-118.

37. Marneros AG, Fan J, Yokoyama Y, et al. Vascular endothelial growth factor
expression in the retinal pigment epithelium is essential for choriocapillaris
development and visual function. Am J Pathol 2005; 167:1451-1459.

38. Nishijima K, Nh YS, Zhong L, et al. Vascular endothelial growth factor-A is a
survival factor for retinal neurons and a critical neuroprotectant during the
adaptive response to ischemic injury. Am J Pathol 2007; 171:53-67.

39. Rahman W, Chen FK, Yeoh J, da Cruz L. Enhanced depth imaging of the
choroid in patients with neovascular age-related macular degeneration treated
with anti-VEGF therapy versus untreated patients. Graefes Arch Clin Exp
Ophthalmol 2013; 251: 1483-1488.

40. Chong V. Ranibizumab for the treatment of wet AMD: a summary of real-

world studies. Eye 2016; 30:270-286.

20



OPHTHALMOLOGICA

Manuscript: OPH-2017-7-18
Subfoveal choroidal thickness in eyes with neovascular age-related
Title: macular degeneration treated with anti-vascular endothelial growth
factor agents
Authors(s): TEREZA KANADANI (Author), CARLOS VELOSO (Co-author),
: MARCIO NEHEMY (Co-author)
Age-related macular degeneration (AMD/ARMD), Anti-VEGF
Keywords: (vascular endothelial growth factor), SUBFOVEAL CHOROIDAL

THICKNESS

Type:

Research Article




Table 1: Best-corrected visual acuity and subfoveal choroidal thickness in all patients with AMD treated with anti-vascular
endothelial growth factor agents over 12 months of follow-up compared with baseline.

BCVA - Mean + SD (logMAR) p-value SFChT- Mean + SD (um) p-value

Baseline 0.61+£0.38 216.4 +44.9

1 month 0.53+0.38 P<0.001**

2 months 0.52+£0.43 P<0.001**

3 months 0.52+£0.44 210.7 + 441 -

P<0.001** p<0.001
*

12 months 0.57 + 0.48 0.524 198.0 + 44.6 p<0.001**

Post-hoc’s test

p-value < 0.01** (confidence interval= 99%); p-value< 0.05 * (confidence interval= 95%)
BCVA: Best-Corrected Visual Acuity

SFChT: Subfoveal Choroidal Thickness

AMD: neovascular age-related macular degeneration



Table 2: Comparison of subfoveal choroidal thickness reduction over the 12-month follow-up
period among the 3 neovascular age-related macular degeneration subtypes.

% SFChT reduction

Subtype N Min | Max | Mean | SD p value
PCV 31 0.4 14.0 8.3 3.3 0.010
RAP 12 5.1 19.0 121 4.5 .
TYPICAL 85 -2.7 20.9 8.4 4.4 RAP>(PCV=TYPICAL)
ALL PATIENTS 128 -2.7 20.9 8.8 4.3

Note: % SFChT reduction= (1-baseline SFChT/SFChT at 12 mo) x100

SFChT: subfoveal choroidal thickness, PCV: polypoidal choroidal vasculopathy, RAP: retinal
angiomatous proliferation, N: number of patients, SD: standard deviation, Min: minimum, Max:
maximum.
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Figure legends

Figure 1. Subfoveal choroidal thickness at baseline, 3, 6 and 12 months
according to neovascular age-related macular degeneration subtypes.

SFChT: subfoveal choroidal thickness

PCV: polypoidal choroidal vasculopathy

RAP: retinal angiomatous proliferation

Figure 2: Correlation between the change in the best-corrected visual acuity
over the 12-month follow-up period, and the percentage of subfoveal choroidal
thickness reduction in the neovascular age-related macular degeneration
subtypes (A:typical; B: polypoidal choroidal vasculopathy; C: retinal
angiomatous proliferation) and in all the study patients treated with anti-VEGF
agents(D).

% SFChT reduction= (1-baseline SFChT/SFChT at 12 mo) x100

BCVA*: square root of best-corrected visual acuity
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CONCLUSAO DO TERCEIRO TRABALHO:

Este trabalho permitiu concluir que nao existe correlagao entre a ESC
basal e a acuidade visual final aos doze meses. Além disso, este estudo
também mostrou que ha diminuicdo da ESC em todos os subtipos de DMRI
tratados com agentes anti-VEGF ao longo do periodo de doze meses de
seguimento. Observou-se maior percentual de redugao na ESC em pacientes
com diagnostico de RAP. Nao esta claro se essa diminuigdo representa a
historia natural dos diferentes subtipos de DMRI, ou se esta relacionada ao
tratamento com agentes anti-VEGF. Nao houve correlacédo entre a ESC basal e

a AV final, nem entre o numero de inje¢des utilizadas no tratamento.
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DISCUSSAO:

A DMRI é doenga degenerativa que afeta a macula, sendo uma das
principais causas de cegueira em todo o mundo."™® A DMRI avancada é
caracterizada por neovascularizagdo sub-retiniana, ou atrofia geografica.
Embora a DMRI neovascular esteja presente em até 20% de todos os casos,
essa forma é responsavel pela maior porcentagem de pacientes com perda
visual significativa devido a seu curso progressivo e agressivo. Sem
tratamento, a maioria dos pacientes com a forma neovascular tera uma perda

visual significativa dentro de um ano.*®

O tratamento da DMRI apresentou avancos extraordinarios nos ultimos
anos. Esses avancos se devem fundamentalmente a novos conhecimentos
sobre a sua fisiopatologia, que propiciaram tratamentos mais precoces e
direcionados aos mecanismos da doenga e ao significativo avango nos meios
propedéuticos — com destaque para a OCT- SD — que permitiram refinada

visualizacdo da microestrutura macular.

O uso dos medicamentos anti-VEGF para o tratamento da DMRI
exsudativa possibilita hoje a melhora ou estabilizagdo da acuidade visual em
cerca de 90% dos casos tratados. °*°'" Uma vez atingida essa importante meta,
impunham-se estudos adicionais que deveriam analisar os fatores que
pudessem influenciar os resultados desse tratamento. Igualmente importante
seria analisar os eventuais efeitos dos referidos medicamentos na
microestrutura macular. Foi em tal contexto que esta tese foi planejada e

elaborada.

A DMRI é uma doenga com fisiopatologia complexa e multifatorial. Seria
obviamente impossivel abordar todos os fatores que pudessem influenciar seu
tratamento, bem como todos os eventuais efeitos dos mencionados
tratamentos na microestrutura macular. Ao pesquisarmos na literatura topicos
de potencial interesse, mas ainda ndo completamente estudados, decidiu-se,

neste estudo, avaliar a influéncia da adesdo vitreomacular na resposta
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terapéutica aos anti-VEGF e os eventuais efeitos destes medicamentos na

espessura da coroide.

A discussdo dos resultados desta pesquisa ja foi realizada nos
respectivos textos, publicados nas revistas especializadas, e que fazem parte
do corpo desta tese. Sendo assim, e para evitar desnecessarias redundancias,

apresenta-se a seguir apenas as principais conclusdes deste trabalho.
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CONCLUSOES FINAIS:

Considerando-se a amostra de pacientes com DMRI neovascular, com
tratamento com agentes anti-VEGF, com 3 doses de carregamento, seguidos

pelo regime pro re nata, este estudo permitiu as seguintes conclusdes:

Conclusdes primarias:

- Em olhos com DMRI neovascular, o tratamento com agentes anti-VEGF levou
a redugao estatisticamente significativa da espessura macular central apés um,

dois, trés, seis e doze meses.

- Em olhos com DMRI neovascular, a diminui¢do da espessura macular central
apos tratamento com agentes anti-VEGF foi semelhante em olhos com e sem

adesao vitreomacular, apds um, dois, trés, seis e doze meses.

- Olhos com DMRI neovascular e adesao vitreomacular apresentaram menor
resposta funcional, a curto prazo (trés meses), que olhos com DMRI
neovascular sem adesao vitreomacular. Entre trés e doze meses, ndo houve
diferenca nos resultados funcionais entre os olhos com e sem adesao

vitreomacular.

- Nao houve diferenga estatisticamente significativa no numero de injegdes de

agentes anti-VEGF nos olhos com e sem adesao vitreomacular.

- Injegdes intravitreas de agentes anti-VEGF comumente utilizadas, raramente
induziram descolamento posterior do vitreo em pacientes com DMRI

neovascular.

- Olhos com DMRI neovascular e adesao vitreomacular focal tiveram maior
chance de desenvolver descolamento do vitreo posterior que olhos com ampla

area de adesao vitreomacular.
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- Houve diminuicdo da espessura subfoveal da coroide em todos os subtipos
de DMRI tratados com agentes anti-VEGF ao longo do periodo de doze meses

de seguimento.

- Observou-se maior percentual de reducao na espessura subfoveal da coroide
em olhos com proliferagao angiomatosa da retina (RAP) que nos olhos com
vasculopatia polipoidal (PCV) ou DMRI tipica. N&o houve diferenga
estatisticamente significativa no percentual de redugdo da espessura da

coroide entre os olhos com PCV e DMRI tipica.

- Nao houve correlagao entre a espessura subfoveal da coroide no baseline e a

acuidade visual final apds doze meses de tratamento.

- Nao houve correlagao entre a espessura subfoveal da coroide no baseline e o

numero de injecbes em doze meses de tratamento.

Conclusodes secundarias:

- No baseline, pacientes com DMRI neovascular, do sexo masculino, tiveram

maior prevaléncia de adesao vitreomacular que pacientes do sexo feminino.

- No baseline, os pacientes com DMRI neovascular e idade mais avangada
apresentaram maior prevaléncia de descolamento de vitreo posterior que os

pacientes menos idosos com DMRI neovascular.

- Nao foi observada diferenga estatisticamente significativa entre os grupos

com e sem adeséo vitreomacular em relacdo ao estado do cristalino.

- Nao houve correlacdo estatisticamente significativa entre adeséo
vitreomacular e os subtipos de DMRI neovascular estudados: RAP, PCV e
DMRI tipica.

- N&o foi observada diferenga estatisticamente significativa na AV no baseline

entre os trés subtipos de DMRI neovascular: RAP, PCV e DMRI tipica.
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- O fator mais importante correlacionado com a AV aos doze meses apos o

tratamento foi a acuidade visual no baseline.

- Os pacientes com diagnostico de PCV apresentaram, em média, maior
espessura subfoveal da coroide no baseline, enquanto os pacientes com RAP

tiveram, em média, menor espessura subfoveal da coroide.

- Nao houve correlagao significativa entre a espessura subfoveal da coroide e a

idade dos pacientes, no baseline.
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APENDICE

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

ANALISE DA MICROESTRUTURA MACULAR PELA TOMOGRAFIA DE
COERENCIA OPTICA DE PACIENTES PORTADORES DE DEGENERACAO
MACULAR RELACIONADA A IDADE TRATADOS COM
ANTIANGIOGENICOS

Introdugao: Vocé esta sendo convidado a participar do projeto de
pesquisa citado acima. Antes de tomar qualquer decisdo, € importante que
vocé leia e compreenda as seguintes explicagdes sobre o procedimento
proposto. Esta declaragdo descreve o objetivo, procedimento, beneficios e
riscos do estudo, e 0 seu direito de sair do estudo a qualquer momento.
Nenhuma garantia ou promessa pode ser feita sobre o resultado do estudo.
Estas informacdes estdo sendo dadas para esclarecer quaisquer duvidas sobre
a pesquisa proposta, antes de obter o seu consentimento.

Objetivo: O objetivo do estudo é analisar a importancia da Interface
vitreomacular e a espessura da coroide na resposta ao tratamento
antiangiogénico em pacientes portadores da forma exsudativa da Degeneragéo
macular relacionada a idade (DMRI).

Resumo: A DMRI é uma doenca progressiva afetando a retina central
com envolvimento primario das camadas externas da retina, sendo responsavel
pela principal causa de perda visual grave em paises desenvolvidos." A
patogénese e os fatores de risco para o desenvolvimento da DMRI nao séo
completamente entendidos.? Estudos prévios descreveram a relagéo entre o
vitreo posterior e a DMRI. A adeséo vitreomacular persistente (AVM) &
considerada um fator de risco para o desenvolvimento de DMRI exsudativa ,
enquanto que o descolamento do vitreo posterior (DVP) pode proteger contra
esta forma da doenca.>® A AVM anormal pode ter um papel fundamental na
resposta ao tratamento da DMRI exsudativa. A terapia intravitrea com agentes
que inibem o crescimento endotelial vascular (anti-VEGF) , como o
ranibizumabe, o bevacizumabe e o aflibercept sdo considerados tratamento

ouro para a DMRI exsudativa.” Alguns pacientes se mostram ndo-responsivos ,
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mostrando resisténcia ao tratamento com agentes anti-VEGF.? Estudos
genéticos e da interface vitreomacular tém sido conduzidos para determinar
quais olhos respondem melhor ao tratamento.®'" Um estudo retrospectivo
recente usando a tecnologia time-domain para tomografia de coeréncia éptica
(OCT) mostrou que a AVM esta associada a um pior prognéstico visual apos
tratamento intravitreo com agentes anti-VEGF para DMRI exsudativa,
sugerindo que forgas tracionais crénicas possam antagonizar o efeito dessas
drogas."! Diversos estudos clinicos tém enfatizado a incidéncia de AVM em
pacientes com DMRI usando a OCT para configurar a interface vitreomacular.
Uma alta propor¢cao de AVM tem sido observada em pacientes com DMRI
comparada com o grupo controle, sugerindo descolamento anormal do vitreo

na populagdo com DMRI. '

A configuragao da interface vitreomacular parece
ter um importante efeito no prognéstico visual e necessidade de retratamento
em pacientes com DMRI exsudativa. Em pacientes com DVP total, uma baixa
frequéncia de tratamento antiangiogénico pode ser possivel, enquanto que em
pacientes com AVM ha uma maior necessidade de retratamento. ™

Os pacientes do estudo foram submetidos a exame oftalmolégico
completo, além de exame de retinografia colorida e fluorescente e tomografia
de coeréncia 6ptica conforme rotina da clinica para portadores de DMRI.
Pacientes com a forma exsudativa da doenga foram submetidos ao tratamento
antiangiogénico, também conforme rotina praticada na clinica. Portanto n&o
havera risco ou 6nus adicionais ao participante do estudo.

Critérios de inclusao e exclusao: Serdo incluidos no estudo os
pacientes examinados no servigo de retina e vitreo do Instituto da Visao (Minas
Gerais — Brasil), recém diagnosticados com degeneragao macular relacionada
a idade forma exsudativa, que apresentarem a idade acima de 50 anos.
Pacientes com DMRI e outras doengas maculares como alta miopia, estrias
angioides, coriorretinopatia serosa central e retinopatia diabética seréo
excluidos.

Risco ao participante: Nao havera risco adicional ao participante,
0s exames propostos pelo estudo sao rotineiramente realizados e necessarios
para o tratamento de pacientes com DMRI. A angiografia envolve injecdo de
contraste endovenoso com os riscos de hipersensibilidade inerente ao

procedimento. Complicagdes da angiografia incluem nauseas e vomitos,
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prurido (coceira), abscesso no local de injecdo do contraste, afecgcbes raras
como edema de glote e choque anafilatico. O Instituto da Visdo possui a
infraestrutura, aparelhos e equipamentos necessarios para a realizacdo dos

exames e tratamento das possiveis complicacoes.

Confidencialidade: Os registros de sua participagdo neste estudo
serdo mantidos confidencialmente até onde € permitido por lei e todas as
informacgdes estarao restritas a equipe responsavel pelo projeto. No entanto, o
pesquisador e sob certas circunstancias, o Comité de Etica em
Pesquisa/lUFMG, poderéo verificar e ter acesso aos dados confidenciais que o
identificam pelo nome. Qualquer publicacdo dos dados nao o identificara. Ao
assinar este formulario de consentimento, vocé autoriza o pesquisador a

fornecer seus registros médicos para o Comité de Etica em Pesquisa/UFMG.

Desligamento: A sua participagdo neste estudo é voluntaria e sua
recusa em participar ou seu desligamento do estudo nao envolvera
penalidades ou perda de beneficios aos quais vocé tem direito. Vocé podera
cessar sua participacao a qualquer momento sem afetar seu acompanhamento

médico em andamento.

Compensagao: Vocé nao recebera qualquer compensagao
financeira por sua participacéo no estudo.

Emergéncia / contato com a Comissdao de Etica: Durante o
estudo, se voceé tiver qualquer duvida ou apresentar qualquer problema médico,
contate a Dra. Tereza Cristina Moreira Kanadani no telefone (31) 99974-2112
ou a Comisséo de Etica no telefone 3248-9364 (UFMG)

Consentimento: Li e entendi as informagdes precedentes. Tive a
oportunidade de fazer perguntas e todas as minhas duvidas foram respondidas
a contento. Este formulario estd sendo assinado voluntariamente por mim,
indicando o meu consentimento para participar do estudo, até que eu decida o

contrario.
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BU, oy abaixo assinado(a), concordo de livre e
espontanea vontade em participar como voluntario(a) do estudo “ANALISE DA
MICROESTRUTURA MACULAR PELA TOMOGRAFIA DE COERENCIA
OPTICA DE PACIENTES PORTADORES DE DEGENERAGAO MACULAR
RELACIONADA A IDADE TRATADOS COM ANTIANGIOGENICOS”



ANEXOS
PARECER DO COMITE DE ETICA EM PESQUISA (COEP) DA

UNIVERSIDADE FEDERAL DE MINAS GERAIS

UNIVERSIDADE FEDERAL DE Plabalorma
MINAS GERAIS ‘%’wl

CRADHDE DD FROWET O DE PESQLNSA

m&m*:m DA MICAOESTRUTURA MACLILAA ATRAVES DA TOMOGRAFIA DE
CIOERENCIA OFTICA DE DOMAINID SPECTRAL BEM PACIENTES PORTADORES DE
DEGENERAGRD MACULAR RELACIONADA A IDADE FORMA EXSUDATTYA

Pesquissdor: Mo Bttar Nahanmy
Aren Temble

Verabe 1

CAAE: BMER315 8.0000.5140

Instliuig s Proposenbs: USNERSIDADE FEDERAL DE MINAS GERAIS
Patrocinedor Prncipsl =nansamants Fraprn

A Dy FARECER

Hlmers do Pareser: 2450 451

Apresaniagbs 9o Projete:

A dagnar s maclar relecionads b dade (DWMRT & wra desordam progressiva afabands & rednn carml
ciom amvoldmanda primiina des camades exdamas da rednn, sendo rasponaival pela principal camss de
il visainl mEvEE M pakes asenyobddos. & paicgdnema @ 06 fatones 0o MEo0 para O deasertenb A menis
da OMAI nlko ko complabamants: enisndidos 2 Esfudcs privices descriwernm a ralngds aning o wiines
postarior & a DMRL A adeslo Wireomeculs parsistients (AW & considarads um Talor da risoo pan o
desanvolvimanio da DR axsudaliva |, enquanio qua o desoolamento 4o viineo posierior (OYF) pode
proviesger Coimina: aeia formia da doanga. 3-8 A AV anemal poda tar um papal fundemenial no resposts no
radamanss da OMAI sesudaltiva & templs inffavirsn com e gus indbam o crasdmanto andobelinl
wisisular [ antl-¥EGF] , coma o renlbizumaba & O By nciimabe | Sl considandos alamento o0o pare &
DA esindadivn. AdgUns pasantas Se mositam nio-reGponaies | Mosr i reskshinon an i amaria oom
Egamias ant-YVEGF & Eslndos gendbicos & da Inferinca vitraomipoular Wm skdo conduzidos pin, dalarminar
guats olhis naspondem malhor &0 eiamenhe.d-11 Um esiudo mincspectvn recams usando 8 Secnologia
imea-domain pars fomografia da coaninda Spdcn (O0T) mosirou qua & AVM esh associnda & um plor
progniatcs visual s Tolameanis inFfavitiren oom agenbes amti-YEGF porn DRI oo, anparinds Jius
forcas aconas rinkcas posaam aniagenzar o alnln deasas

Encerepa:  Har. Mosscickenies Sl Snio Cerios S857 7 dd I 5500

Bairz: LUnksds Adminsisae 1 OEP: o) s
1= A Monipipda: L0 HONLTORTE

Talmlorm: (11032507 C-mal: spForog g o

a1 da



UNIVERSIDADE FEDERAL DE Plobalorma
MINAS GERAIS %’M

OO ETLEE I Pl o I 8

crogeis. 11 Divrscs esiudos clinkns Wm enfalizacs & inchdincia de AV am packanies com DAL usands &
T parn configurar a inbarfacs wiresmacular. Uma afin proporgiio da &M dem sido

chaarvadn am packnies com DWMS] compamida oom O grups coninck, sugerindo descolamanin. mnomral o
witrad N pofulngio com DMAL A configuraio da imenog VTeomacili pareds har W mporionie ofaio
Mo progdaticd vEunl & neoakskiada da relroimmants am pacharies oom DWRI osudadve B pacanhes
ciam OV toinl, uma baelxe frequdnoa da Tralements andi-angingdnios poda far poseivel, ahquanhs que o
Pkl com AN hd uma miskor necssskdnds da refratamaandn. 13 O objeien do sehuds senk analisar de
forma prospeciiva @ impotincia da interinos Wirsomacular no curso do iratamanio anti-angiopenioo am

Pacaentes pomadneG o8 DRST 10ma axsudati

O packaniee do estudo sarlo submaions o acams Sfamoligion cimphein, akm de axama da neinografia
cimoridn & fuosasoata o iomogradia do cosnsnon Optica comlorms iodnn da dinkcs para potadores da DAL

Fadames com & foma sesudaiva da dosnpa sanilo submeabidos ao tralamanis mnd-an giogdnion, tamikm
ciaiorma rting praficeds na clinkca.

Dibjerthvo dis Pedguil s

Sagunido o pasdquisidor, obpetien Primdnio &

Tidvaliar o prognisics diess albaragtes na W am packnies porindones da DMSI Tnima exceud aiva.
ZPCormalacionar & aluraitas nn MM oom 8 acikdeds visual & meddes da CRT phé e pos-ralamama -
angioganica.

SpComalacionar an ahernpis ra SRONT com & ncl ks wisunl prd & pds-rnfameanio and-angiogini

Avallugls dos Riscos & Bansficioa:

Sagundo o pasguisador, nilo himank fson adcional oo pardcpanio, oS GEames proposios palk asiudo aho
rodinalk msnha realFndcs @ neoasslno paa o ralamanto de pacienies com DMAL & angiogratia anvolve
Injegiic da conirasie andovanoso com os fscos da hiparsensibilidade inerania B0 procedimsnin.
Compiltadtas da angiogralis Nolmim nisees o Wi, [ (o0omrn), Mbetassn ho K & R do
cinirasis, aleccclian rans omo edamn da giola & choqua anafilifion. O Instfro da Vislo possul &
Infrassintwra, aparalog & eoquilpamanios Neceeidiics parn o raalZegho Jos adames 4 Frlamento dos
posasivats Complicanises.

Baralficios: Avallnghn de um posshnal malhors am paciantes com DMAI

Encderega:  Har. Mrsscicknds Sl Smino Carlos 5507 7™ &d 15 2005
Bairr=:  Uinics-da. kimirnsd st | OEP: ) oacgal
U R Mwnipipio:  IELO HORLTORTE

Taladors: |17 0S-S50 Cmell: cospiliersg ufng

Flgiia T o

38



UMIVERSIDADE FEDERAL DE Plobalorma
MINAS GERAIS aril
CETREES O P o 4
Comenifizs ¢ Conslderagien ssbne o Pesquiss:
B s & releyanta no campn o oftalmokogio.
T Miihd) Sy il Solne Ol TS dh i Pinl SIS Q60 O Drgatiie
ol nprecsantaco o8 gl mies docurmenics:
-TCLE
« Fansoer coraubsianciado aprovado peln Depanamamis da Oftaimokogia
« Folhia o noshs esssin acs pakd pesdquisaton a drainr da Fasikd s da Madicing
[Pz e e B
Sy £ mpllci
Conclusbes o Pandénciss & Lists 38 |medegumides:
SMY, sl lrenrinasl & apeovadio do propelo e pasdquisa
Esle pareter ol saborado basesdo nos SooumesTod sbhaind relesionadse
T Dioacamaanis Burcpiben Fostagam Auor Sl gk
Inlommagfies Bisiras| PE_INFORMAZOES _BASICAS D0 F | 1700 2018 Aoy
g Progio ROUETO) S4470E podf 163545
TCLE ! Temeos da | TCLE doox 1TOR0E | TEREZA CRISTINA | Acals
Aesentimana /! 163528 | MORERA
Jiesticai G HANADANI
| Sy
TCAE ! Temmos da | TGCLEFFOF. pdt 1TOB0AE | TEREZA CRIETING | Acalin
Assentimana /! 163510 | MOAER®A
Jumificaive da HANA&DANI
Sursdncia
I Parecer_Taacn_Fanaanipll | 10 e0il | TEREZA CHIGTINE | Aoms
162448 | MORERA
HANADANI
Folha da Roagio Foihia di Riosio. pdf 150705 Al
1548110
Progalto: Datalhaddo /| progalo fnal pdt 2505 Al
Erpchum 15508
Progaln: Detalhaddo /| progalo Snaldocx ZEES05E Acolin
Erpchum 155600
Iin wsasi gacor
Eiuagl do
Apnonm

Mo it Apredaplk: ds COMEF.

EndSereca: e Mosssickends A5 Carios 5807 1 d 1) 08
Bairrs:  Unicksde Actminsi s 1 OEP: ) sl
- R Muricipia:  IELO HORLTDORTE

Tl ore: |17 T E-mull: cep ooy g o

gl T8 dim 3

39



UNIVERSIDADE FEDERAL DE ﬁmm

MINAS GERAIS
Caninaas i do. P e Sl Bl
[ 1 ]
BELD HORIZOMTE, 18 de Janairno do 2088
LAY
.l-.:_h'.'pue
NWvlon Resende
(Cordansdor

Enderaga:  Sor. Prasickents: Anbinis Carion SI17 0 Ad B 008

Buirs: Uridsda &minidreshen | CEP- 34 P08
T Menlcigio:  IELD HONZORTE
Teiskse QRI4E-ER Dot cospifppquimgss

i B4 il

40



41

UNIVERSIDADE FEDERAIL DE MINAS GERAIS
COMITE DE ETICA EM FESQUISA - COEP

Projeto: CAAE 82155315.8.0000.5149

Interessado{a): Prof. Marcio Bittar Nehemy
Depto. Oftalmologia e Otorrinolaringologia
Faculdade de Medicina - UFMG

DECISAQ

O Comité de Etica em Pesquisa da UFMG — COEP aprovou, no
dia 19 de janeiro de 2018, o projeto de pesquisa intitulado “Analise da
microestrutura macular através da tomografia de coeréncia optica
de dominio spectral em pacientes portadores de degeneragao
macular relacionada a idade forma exsudativa®™ bem como o Termo
de Consentimento Livre & Esclarecido.

O relatorio final ou parcial devera ser encaminhado ao COEP um

ano apds o inicio do projeto através da Plataforma Brasil.
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Profa. Dra. Vivian,Resende
Coordenadora do COEP-UFMG



