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The Impact of Intravitreal Ranibizumab Treatment on Outer Retinal
Layer Thickness in Neovascular Age-related Macular Degeneration

Neovaskuler Yasa Bagli Makula Dejenerasyonunda Intravitreal Ranibizumab
Tedavisinin Dis Retinal Tabaka Kalinuigi Uzerine Etkisi
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1University of Health Sciences Turkey, Ulucanlar Eye Training and Research Hospital, Ankara, Turkey
2Arakli Bayram Halil State Hospital, Clinic of Ophthalmology, Trabzon, Turkey

Background: In this study, it was aimed to evaluate outer retinal layer thickness (ORLT) via spectral-domain optical coherence
tomography (SD-OCT) in age-related macular degeneration (AMD) patients treated with intravitreal ranibizumab injection.

Materials and Methods: Patients with unilateral neovascular AMD who received intravitreal ranibizumab injection with a follow-
up period of at least 24 months were retrospectively identified. The fellow eyes with dry AMD served as a control group. Data on
best corrected visual acuity (BCVA) and OCT findings on ORLT were recorded at baseline,at 12- and 24-month follow-ups.

Results: Sixty-four eyes of 32 patients were included. The mean number of injections was 10.7 over a 24-month period. In the
injection group, ORLT was 81.6*4.7 um before the treatment,and decreased to 80.9£4.8 um and 78.8+4.8 um at 12-and 24-month
follow-ups, respectively. In the control group, the same parameters were 81.9£4.4 ym, 81.6%4.4 um and 80.8+4.3 um, respectively.
In both groups, a significant decline was noted in ORLT from baseline to 12-and 24-month follow-ups and from 12-to 24-month
follow-ups (p<0.001, all values). While the injection and control groups were similar in terms of baseline ORLT, at the 24-month
follow-up, ORLT was significantly lower in the injection group (p=0.043). The changes in BCVA were not significant from baseline
to 12- and 24-month follow-ups in both groups (p>0.05, all values). A significant positive correlation was noted between the
decrease in ORLT and the number of injections (p<0.05, all values).

ABSTRACT

Conclusion: ORLT was found to be decreased significantly in the natural course of AMD regardless of the subtype, whereas the
decrease in ORLT was aggravated by ranibizumab injection in neovascular AMD eyes.
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Amag: intravitreal ranibizumab enjeksiyonu ile tedavi edilen yasa bagli makiila dejenerasyonu (YBMD) hastalarinda dis retinal
tabaka kalinliginin (DRTK) spektral-domain optik koherens tomografi (SD-OKT) ile dederlendirilmesi.

Gereg ve Yontemler: Tek tarafli neovaskiiler YBMD nedeniyle intravitreal ranibizumab tedavisi almis en az 24 aylik takibi olan
hastalar retrospektif olarak incelendi. Kuru tip YBMD olan diger gozler kontrol grubu olarak kabul edildi. Basvuru anindaki, 12.
aydaki ve 24. aydaki en iyi diizeltilmis gérme keskinlikleri (EIDGK) ve SD-OKT'deki DRTK degerleri kaydedildi.

Bulgular: Otuz iki hastanin 64 gozi dahil edildi. Yirmi dort aylik sirede ortalama enjeksiyon sayisi 10,7 idi. Enjeksiyon grubunda
DRTK, tedaviden once 81,6%4,7 um iken, 12. ve 24. aylarda sirasiyla 80,9+4,8 um’ye ve 78,8%4,8 um’ye dustl. Ayni parametreler
kontrol grubunda sirasiyla, 81,944 um, 81,6¥4,4 um ve 80.8+4.3 pym idi. Her iki grupta da hem baslangictan 12. ve 24. ay
kontrollere hem de 12. ay kontrolden 24. ay kontrole DRTK’de anlamli diisiis vardi (p<0,001, tim degerler). Baslangigta DRTK
acisindan enjeksiyon ve kontrol gruplari benzer olsa da 24 ayin sonunda DRTK enjeksiyon grubunda anlamli derecede diisuktu
(p=0,043). Her iki grupta da baslangic, 12 ve 24. aylardaki EIDGK degisiklikleri anlamli degildi (p>0,05,tiim degerler). DRTK azalma
ve toplam enjeksiyon sayisi arasinda pozitif anlamli korelasyon izlendi (p<0,05, tim degerler).

Sonug: YBMDnin alt tipinden bagimsiz olarak hastaligin dogal seyrinde DRTK anlamli olarak azalmaktadir. Bununla birlikte
neovaskuler YBMD'li gozlere uygulanan ranibizumab enjeksiyonu bu azalmay siddetlendirmektedir.
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Address for Correspondence: Berrak Sekeryapan Gediz, University of Health Sciences Turkey, Ulucanlar Eye Training and Research Hospital, Ankara, Turkey
Phone: +90 533 369 41 83 E-mail: berrakgediz@gmail.com ORCID ID: orcid.org/0000-0002-3456-1178
Received: 30.11.2020 Accepted: 15.01.2021

©Copyright 2020 by University of Health Sciences Turkey Hamidiye Faculty of Medicine. / Hamidiye Medical Journal published by Galenos Yayinevi.


http://orcid.org/0000-0002-3456-1178
http://orcid.org/0000-0001-6523-7648

Hamidiye Med J 2020;1(3):88-94

Sekeryapan Gediz and Kaim. ORL Thickness in Ranibizumab-treated AMD Eyes

Introduction

Neovascular age-related macular degeneration (AMD)
is a progressive disease and a leading cause of permanent
vision loss in the older age (1,2,3). The safety and efficacy of
anti-vascular endothelial growth factor (VEGF) drugs in the
management of neovascular AMD have consistently been
reported worldwide,whereas because of limited information
about anti-VEGF ocular pharmacokinetics, no standard
practice exists regarding the administration schedules
in clinical practice (4,5,6,7,8). Ranibizumab inactivates all
VEGF-A isoforms, enabling anatomic and functional healing
in choroidal neovascularization (CNV) in patients with
neovascular AMD (5,6).

The introduction of spectral-domain optical coherence
tomography (SD-OCT) to the practice of ophthalmology
has provided high-resolution retinal images that help
to collect detailed data on the quantitative assessment
of each retinal layer for the investigation of diseases
affecting specific retinal layers (9). The outer retinal layer,
involving photoreceptors, retinal pigment epithelium (RPE),
and Bruch’s membrane, is considered likely to undergo
degenerative changes related to the aging process. AMD-
related changes are also characterized by an increase in
thickness of the Bruch’s membrane initially, progressing
to a loss of RPE and photoreceptors in dry AMD, and the
development of CNV in neovascular AMD (10,11).

Non-etheless, VEGF is a mediator with vital importance
for retinal photoreceptors, Miller cells, and RPE as well as
for the integrity of choriocapillaris (12,13). Inner retinal
layers with a peripapillary nerve and retinal ganglion cell
layer rather than outer retinal layer have become more
extensively addressed by the segmentation studies in AMD
patients with limited data on SD-OCT-based automatic
segmentation analysis of outer retinal layer in relation to
visual function in neovascular AMD patients (8,14,15,16,17).
Hence, whether the VEGF suppression has potential age
independent hazards on the outer retina remains an enigma.

This study was therefore designed to quantitatively
evaluate outer retinal layer thickness (ORLT) via SD-OCT
in neovascular AMD patients treated with intravitreal
ranibizumab in comparison to fellow (untreated) eyes with
dry AMD.

Material and Methods

Study Population

The examination records of patients with neovascular
AMD who received intravitreal ranibizumab injection
treatment at a tertiary-care ophthalmology clinic between

January 2014 and December 2017 were retrospectively
reviewed. Patients with neovascular AMD in one eye and dry
AMD in the fellow eye were included in the study. They
were treated with intravitreal ranibizumab with pro re nata
(PRN) basis following three loading doses for subfoveal
CNV and those with CNV lesions with borders not extending
beyond the inner circle (r: 0.5-1.5 mm) of the ETDRS grid
on OCT images. Fellow (untreated) eyes with dry AMD
served as a control group. The exclusion criteria of the study
included having inability to clearly detect retinal layers in
OCT because of opacity, development of CNV in the control
eye within 24 months, prior history of ocular surgery (except
uncomplicated cataract surgery at least six months ago),
comorbid diabetic retinopathy, retinal vein occlusion, ocular
inflammation, glaucoma or optic nerve diseases and follow-
up of less than 24 months.

This study followed the tenets of the Declaration of
Helsinki and was approved by the Institutional Review
Board of the Ankara Training and Research Hospital (no.
E-19-168). Patients gave written informed consent before
the study procedures.

Assessments

All patients underwent complete ophthalmologic
examination including measurement of best-corrected
visual acuity (BCVA) by using Snellen chart and SD-OCT
imaging at baseline and monthly visits as well as fundus
fluorescein angiography before the first injection. BCVA was
recorded as Snellen fractions and converted to equivalent a
logarithm of the minimalangle of resolution (lLogMAR) values.
Retreatment was given after three loading doses every four
weeks on an as-required basis depending on predefined OCT
(presence of subretinal and/or intraretinal fluid in monthly
OCT imaging) and clinical criteria (hemorrhage in fundus
examination). Data on patient demographics (age, gender),
number of injections, ophthalmic examination findings,
including BCVA (lLogMAR) and OCT findings on ORLT, were
recorded both at baseline and at 12- and 24-month follow-
ups and compared between neovascular AMD (injection
group) and dry AMD (control group) eyes. The correlation
of decrease in ORLT and the number of injections were also
analyzed.

OCT Measurements

ORLT was measured with SD-OCT (Spectralis SD-OCT,
Heidelberg, Germany) by two experienced examiners (BSG,
MK). The technique for automated retinal segmentation
of the SD-OCT device was performed to identify each
retinal layer and quantify ORLT, from the external limiting
membrane to the Bruch’s membrane. Of the nine ETDRS
macular areas (which include a central 0.5 mm circle, and
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inner and outer rings measuring 0.5-1.5 mm and 1.5-3.0
mm in diameter, respectively), only measurements from
outer ring were acquired, where disease pathology was
usually least severe, and retinal layers were most easily
distinguishable. An average of ORLT values obtained from
superior, inferior, nasal, and temporal quadrants of the
outer ring as automatically divided by the segmentation
application of the SD-OCT device was evaluated (Figure 1).

Statistical Analysis

Statistical analysis was made using SPSS version
15.0. Data were expressed as mean * standard deviation,
minimum-maximum and percent (%) where appropriate.
The normal distribution of the variables was tested using
visual (histogram and probability plots) and analytical
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(Shapiro-Wilk tests) methods. The data showed an abnormal
distribution; therefore, nonparametric tests were used for the
analysis. The Mann-Whitney U test (for values between two
independent groups) and the Friedman test (for values among
three dependent groups) were used to analyze numerical
variables. If there was a significant difference among three
or more independent groups, the Bonferroni correction was
applied in post-hoc binary comparisons. Correlation analysis
was performed using the Spearman correlation analysis. We
considered p<0.05 as statistically significant.

Results

Sixty-four eyes of 32 patients were included in the study.
The mean age of patients at the initiation of treatment
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Figure 1. Representation of automated retinal layer segmentation and thickness measurements obtained by spectral-domain optical coherence
tomography, regarding average ORLT values obtained from superior,inferior,nasal and temporal quadrants of outer ring as automatically divided

by the segmentation application of the SD-OCT device

ORL: Outer retinal layer, SD-OCT: Spectral-domain optical coherence tomography
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was 68.4%2.1 years (range: 57 to 78). There were 14 males
(43.7%) and 18 females (56.3%). The mean number of
injections was 10.7%3.5 (range: 7 to 17) over a 24 month
period. In the injection group,the mean ORLT was measured
as 81.6*4.7 uym (range: 75 to 93) before the treatment, and
decreased to 80.9%4.8 uym (range: 75 to 92) and 78.8+4.8 um
(range: 72 to 90) at 12 and 24-month follow-up respectively.
In the dry AMD (control) group, the same parameters were
81.9%4.4 ym (range: 75 to 93), 81.6%4.4 ym (range: 75 to
92),and 80.8%4.3 um (range: 74 to 91), respectively. In both
injection and control groups, a significant decline was noted
in ORLT from baseline to 12 and 24 months follow-up and
from 12 to 24 months follow-up (p<0.001, all values) (Table
1). While the injection and control groups were similar in
terms of baseline ORLT, at the 24-month of follow up, ORLT
was significantly lower in the injection group (p=0.043)
(Table 1).

Considering BCVA, in the injection group, the mean
BCVA was found to be improved at each annual follow-up
compared to that of baseline, but not significantly (p>0.05).
Also, the changes in BCVA were not statistically significant
in the control group from baseline to 12- and 24-months
follow-up (p>0.05) (Table 1).

A significant positive correlation was noted between
the decrease in ORLT and the number of injections from
baseline to 12- month (Figure 2a) and 24-month follow-
up (Figure 2b) and from 12-month to 24-month follow-up
(Figure 2c), (r=0.472, p=0.006; r=0.632, p<0.001; r=0.376,
p=0.034, respectively) in the injection group.

Discussion

VEGF has been considered as an important mediator for
the development of CNV in animal studies (18). Intravitreal

Table 1. ORL thickness and BCVA in injection and control eyes

Baseline 12 month 24" month X
mean * SD (min-max) mean * SD (min-max) mean % SD (min-max) P
Injection 81.6%4.7 (75-93) 80.9%4.8 (75-94) 78.8%4.8 (72-92)°12 <0.001*
ORL () Control 81.9%4.4 (76-92) 81.6%4.4 (75-91) 80.8%4.3 (74-91)°12 <0.001**
p° 0.691 0.462 0.043
Injection 0.61+0.32 (0.1-1.0) 0.59£0.35 (0-1.0) 0.58%0.38 (0-1.0) 0.308
GK (LogMAR) Control 0.16%0.13 (0-0.5) 0.17%0.13 (0-0.5) 0.17%0.13 (0-0.5) 0.577
p° <0.001* <0.001* <0.001*
SD: Standard deviation,?: Friedman test,®: Mann-Whitney U test, 0: There was a significant difference in post-hoc binary comparison with “baseline”, 12: There was a
significant difference in post-hoc binary comparison with “12"month” ORL: Outer retinal layer, BCVA: Best corrected visual acuity, LogMAR: Logarithm of the minimal
angle of resolution
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Figure 2.Scattered diagrams showing a positive correlation between decrease in ORLT and the number of injections from baseline to 12-month
follow-up (r=0.472, p=0.006) (a), baseline to 24-month follow-up (r=0.632, p<0.001) (b), and from 12-month to 24-month follow-up (r=0.376,

p=0.034) (c)
ORLT: Outer retinal layer thickness
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usage of anti-VEGF drugs increases vision by reducing
leakage from CNV, but repeated injections are required to
maintain the effect. When the treatment regimen is applied
steadily at regular intervals,the best visual acuity is achieved,
while the risk of unnecessary injections into the dry lesion
arises. In the PRN regimen,injection is made during monthly
controls depending on whether there is any fluid present
in OCT (19). In any kind of treatment regimens, anti-VEGF
therapy should be continued for a long time related to the
natural course of the disease. Continuous inhibition of VEGF
with anti-VEGF therapy can reduce the VEGF level, which is
also necessary for ocular homeostasis thereby causes RPE
and choriocapillaris atrophy (20,21).

In the SEVEN-UP study that reports seven-year results
of intravitreal ranibizumab injection in the treatment of
CNV secondary to AMD, 98% of the eyes developed macular
atrophy (22). In the two-year results of the Comparison
of Age-Related Macular Degeneration Treatment Trials
(CATT) study comparing ranibizumab and another anti-
VEGF drug, i.e., bevacizumab, it was reported that more
geographic atrophy was observed in patients receiving
monthly treatment for both agents compared to the PRN
group. It was also reported that VEGF was important to keep
normal functioning of the retina and the integrity of the
choriocapillaris via RPE, and its blockage might cause the
development and progression of geographic atrophy (23).
Five-year results of the CATT study showed that there was
no statistical difference between monthly treatment and
PRN treatment regimens in terms of the risk of developing
geographic atrophy (24). According to clinical studies,
since there is an increase in the frequency of geographic
atrophy in eyes treated with anti-VEGF therapy, whether
this condition develops in association with the anti-VEGF
therapy or results from the natural course of the disease is
controversial.

Of experimental studies to demonstrate the retinal
toxicity of anti-VEGF therapy are quite controversial either.
In an animal study with mice, systemic administration of the
adenoviral vector expressing VEGFR1 was shown to cause
photoreceptor degeneration, and it was emphasized that
VEGF must have been vital for photoreceptors and Miiller
cells (12). However, various publications show that VEGF
suppression does not negatively affect photoreceptors
(13,25).

So, is it possible to show clinically the effects of anti-
VEGF medications on retina and RPE? The segmentation
feature in the new generation OCTs could be used to assess
the progression of specific retinal disorder by quantitatively
measuring the thickness of the retinal layers.

OCT-segmentation studies enable to report thickness
changes in inner retinal layers associated with the treatment

of neovascular AMD with ranibizumab (14,15,16,17).
Moreover, in an OCT segmentation study that investigated
the impact of aging on the outer retinal layer and choroid,
it was shown that the RPE and photoreceptor layers and
the choroidal thickness decreased with increasing age
(26). Another study reported that patients with dry AMD
in one eye had more thinning in the RPE-photoreceptor
layer thickness in the healthy eye compared to the normal
population of the same age group (27).

In a study evaluating the effect of intravitreal
ranibizumab treatment of neovascular AMD on all retinal
layers, it was reported that there was a significant thinning
in the inner retina layers after one year of treatment,
and a significant decrease in total outer retinal layer and
RPE thickness was restricted to occur for the first three
months (14). However, the lack of a control group in the
relevant study cannot exclude the effect of the natural
course of the disease in this thinning. The current study
revealed a significant decrease in ORLT in neovascular AMD
patients treated with ranibizumab when compared to both
pretreatment levels and corresponding outer retinal layer
values in fellow eyes with dry AMD. Notably, a decrease
was noted in ORLT along with an increase in the number of
ranibizumab injections in eyes with neovascular AMD. In the
presence of CNV, the evaluation of the outer retinal layers
using the OCT segmentation method is difficult because the
lesion often has complex configuration. In the current study,
measurements from the outer ring were acquired enabling
data on the outer retinal layer from quadrants outside the
CNV lesion, where disease pathology was usually least
severe and retinal layers were most easily distinguishable,
increasing the reliability of measurements. Hence, our
findings suggest a decrease in ORLT in both injection
(neovascular AMD) and control (dry AMD) eyes during
follow-up, whereas there is an association of intravitreal
ranibizumab injection with further reduction in ORLT in
eyes with AMD as compared to outer retinal layer changes
in the fellow (untreated) eyes with dry AMD.

Our findings revealed no significant change in BCVA at
the end of the two-year ranibizumab injection treatment.
The reason for this insignificant increase in visual acuity
may be due to the regimen applied. In the HORIZON study,
it was reported that the increase in vision which was
achieved with monthly ranibizumab injections for two
years decelerated upon lowering the injection frequency (6).
Another reason for the insignificant increase in visual acuity
may be due to the fact that all of the lesions included in
this study were located subfoveally. However, besides the
poorer visual acuity at baseline in eyes with neovascular
AMD versus dry AMD, no significant change was noted in
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visual acuity under ranibizumab therapy in neovascular
AMD eyes in our cohort, despite the correlation of frequency
of injections with a decrease in ORLT. Nonetheless, our
findings support the likelihood of considering additional
morphologic characteristics of CNV lesions on OCT to
improve the observed correlations of retinal changes with
visual function (28).

The major strength of the current study is the inclusion
of fellow eyes as for the control group to recognize the direct
effects of ranibizumab injection on ORLT and the use of OCT
data from the areas outside of the CNV lesion in measuring
ORLT improved the reliability of measurements. However,
certain limitations of this study should be considered.
First, the relatively low sample size might prevent us from
achieving statistical significance concerning the visual
acuity changes and limit the generalizability of our results.
Second, the changes in total retinal thickness were not
evaluated in the study. Therefore, it is not possible to assess
whether the resolution of edema may be more responsible
for the thinning rather that “drug induced atrophy”.

In conclusion, in the current study, ORLT was found to
be decreased significantly in the natural course of AMD
regardless of the subtype, whereas the decrease in ORLT
was aggravated by ranibizumab injection in neovascular
AMD eyes.

Study Limitations

The relatively low sample size might prevent us from
achieving statistical significance concerning the visual
acuity changes and limit the generalizability of our results.
And also, the changes in total retinal thickness were not
evaluated in the study. Therefore, it is not possible to assess
whether the resolution of edema may be more responsible
for the thinning rather that drug induced atrophy.

Conclusion

In the current study ORLT was found to be decreased
significantly in the natural course of AMD regardless of the
subtype, whereas the decrease in ORLT was aggravated by
ranibizumab injection in neovascular AMD eyes.

Ethics

Ethics Committee Approval: Ethics committee approval
was received from Ankara Training and Research Hospital
(no: E-19-168).

Informed Consent: Patients gave written informed consent
before the study procedures.

Peer-review: Externally and internally peer-reviewed.

Authorship Contributions

Surgical and Medical Practices: B.S.G.,M.K.,Concept:B.S.G.,
Design: B.S.G., Data Collection or Processing: M.K.,Analysis or
Interpretation: B.S.G., Literature Search: B.S.G., Writing: B.S.G.

Conflict of Interest: No conflict of interest was declared
by the authors.

Financial Disclosure: The authors declared that this study
received no financial support.

References

1. Wong WL, Su X,Li X,Cheung CM,Klein R,Cheng CY, et al. Global prevalence
of age-related macular degeneration and disease burden projection for
2020 and 2040: A systematic review and meta-analysis. Lancet Glob
Health. 2014;2:106-116. [Crossref]

2. Flaxman SR, Bourne RRA, Resnikoff S, Ackland P, Braithwaite T, Cicinelli
MV, et al; Vision Loss Expert Group of the Global Burden of Disease Study.
Global causes of blindness and distance vision impairment 1990-2020: A
systematic review and meta-analysis. Lancet Glob Health. 2017;5:1221-
1234.[Crossref]

3. Villegas VM, Aranguren LA, Kovach JL, Schwartz SG, Flynn HW Jr.
Current advances in the treatment of neovascular age-related macular
degeneration. Expert Opin Drug Deliv. 2017;14:273-282. [Crossref]

4. Luaces-Rodriguez A, Mondelo-Garcia C, Zarra-Ferro |, Gonzalez-Barcia
M, Aguiar P, Fernandez-Ferreiro A, et al. Intravitreal anti-VEGF drug
delivery systems for age-related macular degeneration. Int J Pharm.
2020;573:118767. [Crossref]

5. Rosenfeld PJ, Brown DM, Heier JS, Boyer DS, Kaiser PK, Chung CY, et al.
MARINA Study Group. Ranibizumab for neovascular age-related macular
degeneration. N EnglJ Med. 2006;355:1419-1431. [Crossref]

6. Singer MA, Awh CC, Sadda S, Freeman WR, Antoszyk AN, Wong P, et al.
HORIZON: An open-label extension trial of ranibizumab for choroidal
neovascularization secondary to age related macular degeneration.
Ophthalmology. 2012;119:1175-1183. [Crossref]

7. Ferrara N,Adamis AP.Ten years of anti-vascular endothelial growth factor
therapy. Nat Rev Drug Discov. 2016;15:385-403. [Crossref]

8. Wecker T,Ehlken C,Buhler A, Lange C,Agostini H, Bohringer D, et al. Five-
year visual acuity outcomes and injection patterns in patients with pro-
re-nata treatments for AMD, DME, RVO and myopic CNV. Br J Ophthalmol.
2017;101:353-359. [Crossref]

9. Lloduca AL, Zhang C, Zelkha R, Shahidi M. Thickness mapping of
retinal layers by spectral-domain optical coherence tomography. Am J
Ophthalmol. 2010;150:849-855. [Crossref]

10. Klein R,Klein BE,Knudtson MD,Wong TY, Cotch MF, Liu K, et al. Prevalence
of age-related macular degeneration in 4 racial/ethnic groups in the
multi-ethnic study of atherosclerosis. Ophthalmology. 2006;113:373-380.
[Crossref]

11. Curcio CA, Medeiros NE, Millican CL. Photoreceptor loss in age-related
macular degeneration. Invest Ophthalmol Vis Sci. 1996;37:1236-1249.
[Crossref]

12. Saint-Geniez M, Maharaj AS, Walshe TE, Tucker BA, Sekiyama E, Kurihara
T, et al. Endogenous VEGF is required for visual function: Evidence for a
survival role on Miiller cells and photoreceptors. PLoS One. 2008;3:e3554.
doi: 10.1371/journal.pone.0003554.

13. Miki A, Miki K, Ueno S, Wersinger DM, Berlinicke C, Shaw GG, et al. Prolonged
blockade of VEGF receptors does not damage retinal photoreceptors or
ganglion cells.) Cell Physiol. 2010;224:262-272. [Crossref]

93


https://www.doi.org/10.1016/S2214-109X(13)70145-1
https://www.doi.org/10.1016/S2214-109X(17)30393-5
https://www.doi.org/10.1080/17425247.2016.1213240
https://www.doi.org/10.1016/j.ijpharm.2019.118767
https://www.doi.org/10.1056/NEJMoa054481
https://www.doi.org/10.1016/j.ophtha.2011.12.016
https://www.doi.org/10.1038/nrd.2015.17
https://www.doi.org/10.1136/bjophthalmol-2016-308668
https://www.doi.org/10.1016/j.ajo.20https://www.doi.org/10.06.03
https://www.doi.org/10.1016/j.ophtha.2005.12.013
https://pubmed.ncbi.nlm.nih.gov/8641827/
https://www.doi.org/10.1371/journal.pone.0003554
https://www.doi.org/10.1002/jcp.22129

94

14.

15.

16.

17.

18.

19.

20.

21

Hamidiye Med J 2020;1(3):88-94

Sekeryapan Gediz and Kaim. ORL Thickness in Ranibizumab-treated AMD Eyes

Valverde-Megias A, Ruiz-Calvo A, Murciano-Cespedosa A, Hernandez-Ruiz
S, Martinez-de-la-Casa JM, Garcia-Feijoo J. Long-term effect of intravitreal
ranibizumab therapy on retinal nerve fiber layer in eyes with exudative
age-related macular degeneration. Graefes Arch Clin Exp Ophthalmol.
2019;257:1459-1466. [Crossref]

Saleh R, Karpe A, Zinkernagel MS, Munk MR. Inner retinal layer change
in glaucoma patients receiving anti-VEGF for neovascular age related
macular degeneration. Graefes Arch Clin Exp Ophthalmol. 2017;255:817-
824. [Crossref]

Beck M, Munk MR, Ebneter A, Wolf S, Zinkernagel MS. Retinal ganglion
cell layer change in patients treated with anti-vascular endothelial
growth factor for neovascular age-related macular degeneration. Am J
Ophthalmol. 2016;167:10-17.

Inan UU, Baysal Z, Inan S. Long-term changes in retinal layers in patients
undergoing intravitreal ranibizumab for neovascular age-related macular
degeneration: Retinal layers after anti-VEGF therapy. Int Ophthalmol.
2019; e-pub ahead of print 8 May 2019; doi:10.1007/510792-019-01116-
6. [Crossref]

Kwak N, Okamoto N, Wood JM, Campochiaro PA.VEGF is major stimulator
in model of choroidal neovascularization. Invest Ophthalmol Vis Sci.
2000;41:3158-3164. [Crossref]

Chong V. Ranibizumab for the treatment of wet AMD: A summary of real-
world studies. Eye (Lond). 2016;30:270-286. [Crossref]

Rosenfeld PJ, Shapiro H, Tuomi L, Webster M, Elledge J, Blodi B, et al.
Characteristics of patients losing vision after 2 years of monthly dosing
in the phase Il ranibizumab clinical trials. Ophthalmology. 2011;118:523-
530. [Crossref]

Lois N, McBain V, Abdelkader E, Scott NW, Kumari R. Retinal pigment
epithelial atrophy in patients with exudative age-related macular
degeneration undergoing anti-vascular endothelial growth factor therapy.
Retina. 2013;33:13-22. [Crossref]

22.

23.

24,

25.

26.

27.

28.

Bhisitkul RB, Mendes TS, Rofagha S, Enanoria W, Boyer DS, Sadda SR, et al.
Macular atrophy progression and 7-year vision outcomes in subjects from
the ANCHOR, MARINA, and HORIZON studies:The SEVEN-UP study. Am J
Ophthalmol. 2015;159:915-924. [Crossref]

Comparison of Age-related Macular Degeneration Treatments Trials
(CATT) Research Group; Daniel F Martin, Maguire MG, Fine SL, Ying GS,
Jaffe GJ, Grunwald JE, et al. Ranibizumab and bevacizumab for treatment
of neovascular age-related macular degeneration: Two-year results.
Ophthalmology. 2012;119:1388-1398. [Crossref]

Grunwald JE, Pistilli M, Daniel E,Ying GS, Pan W, Jaffe GJ, et al. Comparison
of age-related macular degeneration treatments trials research group.
Incidence and growth of geographic atrophy during 5 years of comparison
of age-related macular degeneration treatments trials. Ophthalmology.
2017;124:97-104. [Crossref]

Ueno S, Pease ME, Wersinger DM, Masuda T, Vinores SA, Licht T, et al.
Prolonged blockade of VEGF family members does not cause identifiable
damage to retinal neurons or vessels. ] Cell Physiol. 2008;217:13-22.
[Crossref]

Kamal AM, Abdelmaguid MEY, Abdelmonsef AEA, Mohamed EW. Outer
retinallayers’ thickness changes in relation to age and choroidal
thickness in normal eyes.J) Ophthalmol 2019; e-pub ahead of print 3 July
2019;d0i:10.1155/2019/1698967.

Kenmochi J, Ito Y, Terasaki H. Changes of outer retinal thickness with
increasing age in normal eyes and in normal fellow eyes of patients
with unilateral age-related macular degeneration. Retina. 2017;37:47-52.
[Crossref]

Kashani AH, Keane PA, Dustin L, Walsh AC, Sadda SR. Quantitative
subanalysis of cystoid spaces and outer nuclear layer using optical
coherence tomography in age-related macular degeneration. Invest
Ophthalmol Vis Sci. 2009;50:3366-3373. [Crossref]


https://www.doi.org/10.1007/s00417-019-04325-y
https://www.doi.org/10.1007/s00417-017-3590-4
https://www.doi.org/10.1016/j.ajo.2016.04.003
https://www.doi.org/10.1007/s10792-019-01116-6
https://pubmed.ncbi.nlm.nih.gov/10967078/
https://www.doi.org/10.1038/eye.2015.217
https://www.doi.org/10.1016/j.ophtha.2010.07.011
https://www.doi.org/10.1097/IAE.0b013e3182657fff
https://www.doi.org/10.1016/j.ajo.2015.01.032
https://www.doi.org/10.1016/j.ophtha.2012.03.053
https://www.doi.org/10.1016/j.ophtha.2019.11.025
https://www.doi.org/10.1002/jcp.21445
https://www.doi.org/10.1155/2019/1698967
https://www.doi.org/10.1097/IAE.0000000000001131
https://www.doi.org/10.1167/iovs.08-2691

