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Abstract

Anti-vascular endothelial growth factor (VEGF) drugs are widely used in modern ophthalmology, especially in treating macular disor-
ders like age-related macular degeneration or diabetic macular edema. Protocols for such treatments include repeated administration of
intravitreal injections, with the volume of drug injected into the vitreous chamber seemingly high enough to cause an increase in intraoc-
ular pressure. Hence, questions might arise if such therapeutic approaches are safe for ocular tissue. Moreover, anti-VEGF compounds
may theoretically harm the retinal nerve fibers due to the inhibition of VEGF and its neuroprotective effects. Thus, this manuscript aims
to review the literature regarding studies evaluating the retinal nerve fiber layer (RNFL) in eyes receiving anti-VEGF treatment due to
age-related macular degeneration. The RNFL was chosen as a subject of this review, as it is the innermost retinal layer exposed to the
direct action of intravitreally administered drugs. The results of the available studies remain inconclusive. Most researchers seem to
confirm the safety of the anti-VEGF treatment in wet age-related macular degeneration, at least regarding the retinal nerve fiber layer.
However, some authors noticed that the influence of anti-VEGFs on RNFL could become apparent after more than thirty injections.
Nonetheless, the authors of all studies agree that further, long-term observations are needed to help clinicians understand the effect of
anti-VEGF treatment on the dynamics of changes in the thickness of retinal nerve fibers in patients with the wet form of age-related
macular degeneration.
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1. Introduction

Age-related macular degeneration is still one of the
leading causes of blindness in the elderly worldwide. The
disease affects the retina, mainly its macular region, with
affected patients exhibiting symptoms such as central vi-
sion deterioration, vision distortion (metamorphopsia), de-
creased contrast sensitivity, and abnormal color vision. The
retina is a relatively delicate, highly organized tissue com-
prising three types of optic neurons (photoreceptors, bipolar
cells, and ganglion cells). All these neurons participate in
detecting light, converting it into an electrical signal, and
sending it through the optic nerve to the central nervous
system [1]. The high oxygen demand of the retina is met
by the rich network of vascular plexuses of the retina it-
self, derived from the branches of the central retinal artery,
supplying the inner retinal layers, and the choriocapillaris
that supplies the outer layers of the retina, mainly retinal
pigment epithelium (RPE) and photoreceptors [2,3]. The
disturbances in the regularity of the retinal layers and their
respective vascular supply are the key to pathophysiology
of age-related macular degeneration (AMD).

Of the two primary forms of the disease, only wet
(also known as exudative or neovascular) AMD (wAMD)

can be treated at present [4]. There is still no cure for the
dry form of age-related degeneration (dAMD). However,
recently Food and Drug Administration (FDA) approved
pegcetacoplan (SYFOVRE™) as the drug which can slow
down the atrophy progression in patients with geographic
atrophy (GA) resulting from AMD, up to 20%. The safety
and efficacy of the drug were confirmed in phase 2 (FILLY)
and phase 3 (OAKS and DERBY) trials [5,6]. Before being
used in ophthalmology, Pegcetacoplan, a complement pro-
tein C3 inhibitor, was introduced to treat paroxysmal noc-
turnal hemoglobinuria to increase hemoglobin stabilization
and control hemolysis in these patients [7]. Currently, in
the field of ophthalmology, another complement inhibitor,
avacinaptad pegol (inhibiting complement C5 protein) is
being investigated in a phase 3 clinical trial (GATHER 2),
after promising results obtained in phase 2/3 GATHER 1
study. In GATHER 1, avacinaptad pegol reduced the GA
progression, even up to 28%, in the twelfth month of the
study, compared to the control group [8–10].

Anti-vascular endothelial growth factor (VEGF)
drugs, such as bevacizumab, aflibercept, and ranibizumab,
turned out to be highly effective tools in the fight to pre-
serve the eyesight of wet AMD patients. Such treatment,
however, requires repeated intravitreal injections, with no
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definite end of therapy defined. This may raise concerns
about the consequences of adding extra volume to a com-
pact, rigid organ, such as the eyeball, and the side effects
of the administered drugs on the retina and all its fibers,
not only those examined in the area of the macula. The in-
nermost layer of the retina comprises retinal nerve fibers,
which are the axons of the retinal ganglion cells, converg-
ing within the optic disc. Retinal nerve fiber layer (RNFL)
changes are one of the basic parameters used in the pro-
gression monitoring of glaucoma and other neuropathies.
Due to the excellent visibility of RNFL in optical coherence
tomography—a fundamental examination tool used in age-
related macular degeneration, it can be easily assessed in
routine clinical practice. The basic assumptions of the po-
tential negative impact of anti-VEGF treatment on this layer
of nerve fibers are described later in the article. Hence, this
manuscript aims to familiarize the reader with the basics of
the pathophysiology and treatment of age-related macular
degeneration and, above all, to review the literature on the
safety of anti-VEGF drugs on the retinal nerve fiber layer
in patients treated for wAMD.

2. Age-Related Macular Degeneration
(AMD)
2.1 AMD Epidemiology and Burden

According to the World Report on Vision, October
2019, theWorld Health Organization estimates that in 2030,
243.4 million people will suffer from age-related macular
degeneration. Therefore, the number of cases will increase
1.2 times compared to 2020, primarily due to population
aging. Of the nearly 200 million cases of AMD in 2020, at
least 10 million people have experienced severe visual im-
pairment or blindness due to more advanced stages of the
disease. The prevalence of AMD in people aged 70–79 is
estimated at nearly twenty percent, whereas at 80–85, it is
estimated to reach almost thirty percent of the total pop-
ulation [11–13]. These data should be seen from the per-
spective of not only vision loss but also all the other aspects
related to vision deterioration, such as difficulties in inde-
pendent living, limited social life, a decrease in well-being,
increased risk of depression, reduced life quality and an in-
creased risk of falls and injuries (with an increased rate of
mortality related to injuries in this age group) [14–16]. One
prospective study found that falls resulting in injury in pa-
tients with various stages of age-related macular degener-
ation affected more than half of the study group and most
often occurred in their homes [8]. Surprisingly, the study’s
most potent visual predictor of falls was not decreased vi-
sual acuity but reduced contrast sensitivity resulting from
AMD.

2.2 Clinical Symptoms and Classification of AMD
The clinically visible fundus changes characteristic of

the dry form of the age-related macular degeneration in-
clude retinal pigment epithelial abnormalities, drusen (yel-

lowish extracellular debris between the Bruch membrane
and retinal pigment epithelium), and/or plaques of chori-
oretinal atrophy [12,16]. If macular neovascularization can
also be observed, manifesting as macular elevation or sub-
or intramacular hemorrhage, the clinical image prompts a
diagnosis of wet age-related macular degeneration. All of
these changes may vary in severity between patients and in
each eye of the same patient. There are several approaches
to classify this condition. The most popular systems are
based on color fundus photography and mainly assess the
size of the drusen observed and the presence or absence of
pigmentary abnormalities. Manifestations of geographic at-
rophy or neovascularisationwithin the foveal region prompt
classification as the last stage of the disease- the late AMD
(according to epidemiological classification and Classifica-
tion Committee of the Beckman Initiative for Macular Re-
search) or advanced AMD (AREDS classification) [12,17].

For clinicians, the most factor is the presence or ab-
sence of macular neovascularization, as the exudative, neo-
vascular (wet) AMD, characterized by the presence of this
characteristic, can currently be treated with satisfactory ef-
fect. According to the Consensus on the Neovascular AMD
Nomenclature Study Group (CONAN), macular neovascu-
larization (MNV) may also develop from different origins,
including choroid (choriocapillaris), retina itself (mostly
the deep capillary plexus), and aberrant retinochoroidal
anastomosis [17].

2.3 AMD Pathophysiology

AMD development is known to have a complex etiol-
ogy, which has still not been fully elucidated. The mech-
anisms contributing to the disease onset are compound
and based on retinal and uveal homeostasis disturbance.
Metabolic factors, impaired lipid metabolism, hypoxia, ox-
idative stress, inflammation, and genetic and environmen-
tal factors are also thought to be involved in this process
[12,18–20]. One of the hypotheses claims that the cause
of the development of AMD lies in the aging of the Bruch’s
membrane, with disturbances in metabolism and accumula-
tion of lipids and lipoproteins within the membrane, which
leads to its thickening. This, in turn, causes disturbances in
the flow of ions, nutrients, and oxygen through the external
blood-retinal barrier between the retinal pigment epithelium
and the choriocapillaries. These disturbances, through the
mechanisms associated with hypoxia, stimulate the retina
to produce growth factors, including vascular endothelial
growth factor (VEGF). The VEGF family includes several
VEGF subtypes (A–F) and placental growth factors (PIGF-
1 and PIGF-2), described in more detail in the previous
work of our team [11]. VEGF-A is the family’s main proan-
giogenic factor, initiating a cascade of abnormal new vessel
creation in wAMD [12,21,22].

The second theory is focused on local inflamma-
tion. The aging cells can produce many cytokines and
chemokines (e.g., Il-8, Il-6, TNF, MCP-1, MCP-2, Il-1α,
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Il-1β), which can stimulate, among others, the excessive
activation of the complement system [12,21].

There is also more and more information that the eti-
ology of AMD development may also be explained at the
level of the internal blood-retinal barrier. It could be as-
sociated with disorders within the retinal vascularity it-
self, which also result in hypoxia and a secondary de-
fense reaction of the retina, aimed at forming new vessels
[2,16,23,24]. However, the exact course of events in the
development of AMD requires further research.

3. Treatment of Wet Age-Related Macular
Degeneration
3.1 Anti-VEGF Drugs

Several researchers contributed to the discovery of the
glycoprotein (~23 kDa) known nowadays as the vascular
endothelial growth factor (VEGF), with its story starting in
the 1980s [25,26]. Previously, it was known as vascular
permeability factor (VPF), increasing microvascular per-
meability in carcinoma tissues [25,26]. The term “vascu-
lar endothelial growth factor” was first used by the team of
Napoleone Ferrara in 1989, as they confirmed the proangio-
genic potential of this molecule [27,28]. A few years later,
in 1994, a study on the production of VEGF by the retina in
hypoxic conditions showed that VEGF might play a role in
ocular neovascular disorders, which turned out to be a sig-
nificant step toward the development of ophthalmic ther-
apies for neovascular diseases [25]. Although anti-VEGF
drugs were primarily intended for cancer treatment (beva-
cizumab was first approved by the U.S. Food and Drug
Administration (FDA) in 2004 for colon cancer treatment),
they are nowadays widely used in various vascular disor-
ders of the eye [25,27,29]. Bevacizumab, used in ophthal-
mology since 2005 as an off-label therapy, is a humanized
monoclonal antibody with a molecular weight of 149 kDa
and an affinity to all isoforms of VEGF-A. The first anti-
VEGF drug used with FDA approval (on December 2004)
for wAMD treatment was pegaptanib, a single-stranded ri-
bonucleotide oligonucleotide (an RNA aptamer), designed
to selectively bind VEGF165 (as well as VEGF 188) [25].
Another drug, ranibizumab, contains the Fab fragment of
a humanized immunoglobulin G1 (IgG1) kappa isotype
murine monoclonal antibody with a molecular weight of 48
kDa, almost three times smaller than bevacizumab. It was
approved by the FDA in 2006 for wAMD treatment [12,21].

Aflibercept, approved by FDA in 2011, was created
as a fusion protein with domains of both VEGFR1 and
VEGFR2 receptors and the Fc fragment of the human IgG1,
also known as the VEGF-trap, with a molecular weight of
115 kDa. Due to its more complex structure, it can bind
all VEGF-A isoforms (as the previously mentioned anti-
VEGFs), as well as VEGF-B and PIGF [21,30].

More recently introduced drugs for wAMD treatment
include brolucizumab and faricimab. Brolucizumab is a
single-chain humanized antibody fragment, the smallest

functional unit of the antibody, designed to bind VEGF-
A [12,31]. Furthermore, faricimab seems to be a promis-
ing tool in wAMD treatment, as it has a bigger range of
targets: the VEGF-A pathway and the Ang/Tie-2 path-
way. Because of its more complex structure (bispecific
heterodimeric monoclonal human antibody), faricimab is
a bigger molecule than bevacizumab (150 kDa), approved
by FDA for wAMD (and DME) treatment in 2022 [21].
Newer drugs (both broluciumab and faricimab), due to their
shorter presence on the market, have not yet been exten-
sively studied, especially in the context of their safety con-
cerning RNFL in real-life clinical practice.

3.2 The Side Effects of the Anti-VEGF Treatment
3.2.1 Systemic Side Effects

Serious systemic adverse events seem rare and com-
parable for the most frequently used anti-VEGF drugs
[30,32–34]. Anti-VEGFs have previously raised concerns
regarding thromboembolic events or non-ocular hemor-
rhages. As was found in the MARINA trial, the 2-year
incidence of hemorrhagic events was estimated at 9% for
the ranibizumab group compared with 5.5% for the sham-
treated control group. Similarly, in the ANCHOR study,
the 2-year incidence was estimated at 9% in the group
treated with combined therapy: ranibizumab and photody-
namic therapy, compared to 4.2% for photodynamic treat-
ment only. Regarding thromboembolic events, there was a
lack of statistical difference after two years of ranibizumab
treatment compared to control [30,35]. The risk of systemic
adverse events in routine clinical practice for three anti-
VEGF agents (bevacizumab, ranibizumab, aflibercept) was
evaluated in Maloney’s retrospective cohort study, with a
total of 87,844 patients [34]. The authors estimated 180-day
event rates for primary systemic adverse event outcomes
(acute myocardial infarction (MI), cerebrovascular disease
(CVD)), major bleeding, and all-cause hospital admission.
They found MI event rates of 0.62–0.64; and CVD rates of
0.53–0.60, proving a similar good systemic safety profile
for all the agents.

3.2.2 Ocular Side Effects
The most common ocular side effects comprised peri-

operative eye irritation or conjunctival hemorrhages, which,
due to their low harmfulness to eyesight, may be underes-
timated in the literature. Infrequently reported serious oc-
ular adverse include ocular inflammation (0.019–1.6 %) or
retinal detachment (0–0.67%) [33,36]. However, they are
more likely related to the injection procedure than the ac-
tive substance. In turn, in MARINA and ANCHOR trials
for ranibizumab, ocular inflammation occurred most fre-
quently, with the incidence of 2.1 and 2.9%, respectively
[37,38].

The ocular inflammation events associated with anti-
VEGF treatment may be divided into three different enti-
ties, as mentioned earlier, including post—injections en-
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dophthalmitis (0.008–0.092%), sterile ocular inflamma-
tion (0.02–0.37%) and brolucizumab-associated vasculitis
(BARV) (0.8% fromHAWK and HARRIER study data, but
exact incidence is still unknown) [39,40]. All of them could
have a similar clinical appearance and be associated with
a significant decrease in visual acuity. However, bacterial
endophthalmitis appears to be the most painful, as reported
by the patients. On the other hand, BARV has a strong fe-
male bias (88–100%) and may be suspected in the eye after
brolucizumab injections, particularly in the presence of reti-
nal vascular occlusion. BARV most often develops seven
to fifty-six days post-injection, while the other two types
usually appear within seven days of injection [39,40].

Occasional retinal tear or detachment cases have been
reported, mainly in conditions other than AMD, such as
neovascularization due to myopia or proliferative diabetic
retinopathy [33].

Increases in intraocular pressure appear to be rel-
atively common immediately after anti-VEGF injection,
with most studies demonstrating spontaneous normaliza-
tion of intraocular pressure within half to several hours
[33,38,41,42].

Other very rarely reported events some ischemia-
related cases, such as non-arteritic ischemic neuropathy,
retinal vein- or artery occlusion, foveal avascular zone en-
largement, or ocular ischemic syndrome [33,35]. An in-
teresting issue that could also be interpreted as an adverse
effect of therapy is the recently reported reduction of the
density of nerve endings within the cornea in eyes receiv-
ing anti-VEGF injections [43].

3.2.3 Basic Assumptions of the Neurodegenerative
Potential of Anti-VEGF Drugs

Despite its confirmed role in the development of
wAMD, VEGF has other functions in the eye and through-
out the human body. Receptors for this factor are found on
vascular endothelial cells and, among others, on epithelial
cells, fibroblasts, monocytes, macrophages, smooth muscle
cells, motor neurons, and peripheral nerve axons [26,33]. It
is believed that VEGF is involved in many physiological
processes, such as angiogenesis, wound healing, the devel-
opment of follicles in the ovaries, or regulation of glomeru-
lar epithelial cell function in kidneys and alveolar septal en-
dothelial and epithelial cells in lungs [26,33]. Although the
role of VEGF in neuronal cells is still not fully understood,
scientists proved its neuroprotective role in hippocampal
cells and peripheral motor neurons, drawing attention to
its potential future use in the treatment of neurodegenera-
tive diseases, such as amyotrophic lateral sclerosis (ALS)
[26,44].

The importance of VEGF in the eye tissues is also an
ongoing topic of scientific interest. Expression of VEGF
was found in the ganglion cell layer and the inner nu-
clear layer, Müller cells, and pigment epithelial cells of the
retina [21,45]. VEGF-A receptors (VEGFR2, VEGFR1)

are widely expressed within all retinal layers, especially on
Müller cells and photoreceptors. One study in the animal
model showed that VEGF-inhibition using an adenovirus
expressing a soluble form of VEGFR1 (Ad-sFlt1) did not
alter normal retinal vasculature but resulted in a decrease of
the thickness of both the inner- and outer retinal layer, with
signs of neural cell apoptosis confirmed by electron micro-
graphs, as well as by reduction of a- and b- amplitudes in
electroretinogram examinations [45]. These findings con-
firm the hypothesis of the VEGF acting as a neural survival
factor. Froger et al. [46] proved that VEGF promotes reti-
nal ganglion cell survival in autocrine and paracrine man-
ners, primarily via VEGFR1 activation. In turn, a study by
Foxton et al. [35] demonstrated that VEGF-A inhibition
may disrupt the anterograde axonal transport within reti-
nal cells in rodents without disrupted synapse architecture,
likely due to phosphorylation of the p38 mitogen-activated
protein kinases (p38 MAPK). The authors suggested that
anti-VEGF treatment may attenuate axonal transport in the
visual pathway, resulting in axonal disruption and cell loss
[35].

4. Effects of Anti-VEGF wAMD Treatment
on Retinal Nerve Fiber Layer – A Summary
of Studies
4.1 Data Sources and Search Parameters

We performed a literature search of the Google
Scholar and PubMed databases using the following terms
as prompts: age-related macular degeneration, AMD, reti-
nal nerve fiber layer, inner retinal layer, anti-VEGF, beva-
cizumab, ranibizumab, aflibercept; examining records pub-
lished between the year 2000 and 2023. All studies in-
cluded in this summary (Tables 1,2) include patients treated
for wAMDwith anti-VEGF drugs, without the co-existence
of other optic nerve diseases (i.e., glaucoma) or retinal dis-
eases (i.e., vascular diseases including diabetic retinopathy)
that could affect the results. In addition, if we found further
publications regarding the topic of interest in the bibliogra-
phy of the included articles, we also took them into account.
Due to the obvious ethical concerns associated with the po-
tential refusal or abandonment of active neovascular AMD
treatment, there is a notable lack of randomized trials in this
area.

Most studies focused on the retinal fiber layer in eyes
treated with anti-VEGF, and examined this layer in the peri-
papillary region (pRNFL) (Table 1, Ref. [47–59]). There
are singular studies assessing RNFL thickness changes in
the macular area in eyes treated with anti-VEGF due to
wAMD (Table 2, Ref. [60–64]). All of the examined
studies also assessed other parameters, such as intraocu-
lar pressure (IOP) [47–50,52], ganglion cell layer thickness
[53,54,60,61], inner plexiform retinal layer thickness, total
inner retinal layer thickness [62], and total macular volume
[63], which was not the topic in this review.
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Table 1. Table of included studies on peripapillary retinal nerve fiber layer (pRNFL) in patients receiving anti-vascular endothelial growth factor (VEGF) therapy due to wet AMD
(wAMD), sorted by publication date.

First author
/year of

publication

Study design Follow up (months)
(mean ± SD) or
mean and 95% CI)

Number of
participants/treated
eyes; controls

Age of participants
(years) (mean ± SD,

or median)

Anti-VEGF The average RNFL
thickness at base-
line/at the final fo-
llow up visit (µm)

OCT device Summary of results

Drug/mean num-
ber of injections

1 Michael
B. Horsley
[56]/2010

retroscpective obser-
vational consecutive
case series

27 ± 9.7 37/41; lack of con-
trol group

79.2 ± 8.7 Pegaptanib,
bevacizumab,
ranibizumab or
combination of
these/16.0 ± 5.5

92.4 ±15.2/93.8 ±
15.2

Stratus (Carl Zeiss) There were no sta-
tistically significant
differences in RNFL
measurements when
comparing individual
anti-VEGF treatment
groups.

2 Jose M.
Martinez-
de-la-

Casa [47]
/2012

prospective
longitudinal
cohort study

12 ± 0 49/49; 27 fellow
eyes

78.5 ± 6.9 Ranibizumab/4.8±
1.6

105.7 ± 12.2/100.2
± 11.0 (p < 0.001)

Spectralis
(Heidelberg
Engineering)

Significant RNFL
thinning was noted in
the treatment group.Control group:

101.8 ± 11.6/100.5
± 10.8

3 Güngör
Sobacı [48]

/2013

retrospective
observational
consecutive
case series

Ranibizumab group:
13.6 ± 2.1

Ranibizumab group:
35/35; 35 fellow eyes

68.0 ± 7.5 Ranibizumab or
bevacizumab/6.3 ±
1.9, 5.1 ± 1.3,
respectively

Ranibizumab group:
105.3 ± 6.9

Stratus (Carl Zeiss) RNFL thickness values
were not statistically

different between treated
and untreated eyes

or groups.

Bevacizumab group:
14.05 ± 2.6

Bevacizumab group:
30/30; 30 fellow eyes

104.6 ± 8.4

Bevacizumab group:
105.8 ± 8.1

104.6 ± 8

4 Melih
Parlak [49]
/2015

prospective longitu-
dinal cohort study

12 ± 0 22/22; 22 fellow
eyes

66.3 ± 8.8 Ranibizumab/4.86
± 2.18

101.4 ± 14.2/99.9 ±
14.5 (p = 0.009)

Spectralis
(Heidelberg
Engineering)

Although there was no
statistically significant
difference in RNFL
thickness between the
study and control eyes
during 12 months of

follow-up, a significant
thinning was recorded in
both groups compared
with baseline values.

Control group:
99.1 ± 8.8/96.2 ±
9.5 (p = 0.022)
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Table 1. Continued.
First author
/year of

publication

Study design Follow up (months)
(mean ± SD) or
mean and 95% CI)

Number of
participants/treated
eyes; controls

Age of participants
(years) (mean ± SD,

or median)

Anti-VEGF The average RNFL
thickness at base-
line/at the final fo-
llow up visit (µm)

OCT device Summary of results

Drug/mean num-
ber of injections

5 Sibel
Demirel [55]

/2015

observational, com-
parative study

38.96 ± 15.49 29/29; 29 fellow
eyes and 27
healthy eyes

Study group: 73.92
± 6.1

Ranibizumab/13.88
± 3.81

92.3 ± 7.7/92.46 ±
8.1

Stratus (Carl Zeiss) There were no
statistically significant
differences between the
mean RNFL thickness
in eyes treated with

injections and the fellow
eyes and between those
treated with injections
and the healthy control

group.

Control group:
71.87 ± 4.1

6 Gary L Yau
[58]/2015

cross-sectional,
paired-eye, compari-
son study

47.9 (95% CI
40.6–55.2)

29/29; 29 fellow
eyes

81.1 (95% CI
77.9–84.3)

Not given/23.1
(95% CI 19.0–
27.2)

Not given/95.0
(89.8–100.2) in the
treated group vs 89.9
(85.5–94.3) in the
control group;

Cirrus (Carl Zeiss) The mean peripapillary
RNFL in the treated
group was significantly
thicker than in the non-
treated fellow eye.

7 Jo Young-
Joon [50]/
2016

prospective cohort
study

12 ± 0 20/20; 20 fellow
eyes

67.1 ± 8.9 Ranibizumab/5.0
± 1.0

98.0 ± 6.8/95.5 ±
4.3

Cirrus (Carl, Zeiss) Post-injection
differences in total

RNFL thickness between
the two groups were
insignificant at the 12-
month follow-up.

Control group: 94.5
± 7.3/93.6 ± 7.1

8 Ilaria Zuc-
chiatti
[53]/2017

prospective case se-
ries

12 ± 0 24/24; lack of con-
trol group

76 ± 7.8 Ranibizumab/5.3
± 1,6

82.0 ± 9.9/84.6 ±
15.5

Cirrus (Carl Zeiss) RNFL thickness did not
show statistically signif-
icant changes between
baseline and month 12.
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Table 1. Continued.
First author
/year of

publication

Study design Follow up (months)
(mean ± SD) or
mean and 95% CI)

Number of
participants/treated
eyes; controls

Age of participants
(years) (mean ± SD,

or median)

Anti-VEGF The average RNFL
thickness at base-
line/at the final fo-
llow up visit (µm)

OCT device Summary of results

Drug/mean num-
ber of injections

9 Alicia
Valverde-
Megías [51]

/2019

prospective controll-
ed longitudinal study

96 ± 0 20/20; 9 fellow eyes 83 ± 1.4 Ranibizumab/21 ±
2.8

105.6 ± 10.7/96.5 ±
2.1 (p < 0.0001)

Spectralis
(Heidelberg
Engineering)

RNFL loss was found to be stati-
stically significant during 96

months in all sectors, regardless
of receiving ranibizumab

injections or not.

Control group:
103.2 ± 7.9/92.9 ±
3.2 (p < 0.0001)

When compar-
ing RNFL loss
in injected and
non-injected eyes:
adjusted p values
above 0.05

RNFL loss was comparable
between the study and control
groups.

10 Liang
Wang [57]
/2021

retrospective, cross-
sectional study

46.8 ± 42.0 54/54;
54 fellow eyes

79.7 ± 7.3 Bevacizumab,
ranibizumab, or
aflibercept/29.4 ±

31.5

87.3 ± 9.6 Cirrus (Carl Zeiss) No statistically significant differ-
ences existed between the mean
RNFL thickness in eyes treated
with injections and the fellow

eyes.

Control group: 89.0
± 7.5

The relationship between the dif-
ference in the RNFL thickness
and the number of injections had a
nonlinear dose-response relation-
ship that became apparent after
approximately 30 injections, and
50 months of injections.
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Table 1. Continued.
First author
/year of

publication

Study design Follow up (months)
(mean ± SD) or
mean and 95% CI)

Number of
participants/treated
eyes; controls

Age of participants
(years) (mean ± SD,

or median)

Anti-VEGF The average RNFL
thickness at base-
line/at the final fo-
llow up visit (µm)

OCT device Summary of results

Drug/mean num-
ber of injections

11 Jayoung
Ahn
[52]/2021

retrospective,
observational,
consecutive case
series study

12 ± 0 29/29; 29
fellow eyes

Ranibizumab
group:70.86 ± 8.56

Ranibizumab
or aflibercept/4.93
± 1.39 for ranib-
izumab group and
4.69 ± 1.31 for
aflibercept group

Ranibizumab group:
101.03 ± 15.07/99.32

± 14.07

Spectralis
(Heidelberg
Engineering)

There was no significant differ-
ence in the RNFL thickness be-
tween the treated and fellow eyes
among patients in both groups.Aflibercept group:

73.00 ± 9.10
Fellow eyes 98.90 ±
14.3/98.00 ± 16.16

Aflibercept group:
97.39 ± 18.61/94.54
± 17.71

Fellow eye: 94.33 ±
17.96/93.58 ± 18.84

12 Maja
Zivkovic
[54]/2023

prospective inter-
ventional study of
consecutive patients

24 ± 0 135/NA* 65 ± 15 years Bevacizumab/12.4
± 2.4

87.6 ± 12.23/86.23
± 12.55

Cirrus (Carl Zeiss) Average RNFL at baseline and
24 months did not differ signifi-
cantly.

13 Sung
Yeon

Jun [59]
/2023

retrospective obser-
vational case series

3 ± 0 22/19 67.77 ± 5.95 One injection of
brolucizumab
and earlier:
bevacizumab,
ranibizumab
and/or afliber-

cept/16.50 ± 9.81

99.47 ± 14.19/98.86
± 14.73

Spectralis
(Heidelberg
Engineering)

The RNFL thickness did not
change in the treated eyes and

fellow eyes.Fellow eye: 97.22 ±
12.19

*NA, not available; p values < 0.05 were considered statistically significant. OCT, optical coherent tomography.
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Table 2. Table of included studies on macular retinal nerve fiber layer (RNFL) in patients receiving anti-VEGF therapy due to wAMD, sorted by publication date.
First author
/year of

publication

Study design Follow up Number of parti-
cipants/treated eyes;

controls

Mean age of
participants (years)

Anti-VEGF The average RNFL
thickness at base-

line/the final follow-
up visit (µm)

OCT device Summary of results

Used/mean num-
ber of injections

1 Marco
Beck [61]
/2016

Retrospective case
series with fellow-
eye comparison

45.3 ± 10.5 34/34; 34 fellow
eyes

76.2 ± 8.2 Bevacizumab,
ranibizumab

and/or aflibercept/
31.5 ± 9.8

36.4± 81/32.2± 6.4 Spectralis
(Heidelberg
Engineering)

Although the RNFL decrease was
not statistically significant, the
authors found that RNFL thick-
ness in the treated eyes was sig-
nificantly thinner than the fellow

untreated eyes.

Fellow eyes: 36.2 ±
65/36.8 ± 6.9

2 ümit übeyt
Inan [62]
/2019

Prospective consec-
utive case series

12.0 ± 0 33/33 72 ± 7.4 Ranibizumab/ 9.08
(range 6–11)

Foveal RNFL 25.0±
18.3/23.0 ± 17.5

Spectralis
(Heidelberg
Engineering)

The thickness of RNFL did not
show a significant change in any
sector during the follow-up.Parafoveal RNFL

29.3 ± 12.1/26.9 ±
10.1

3 Seong
Woo Lee
[60]/2020

Retrospective clini-
cal study

19.9 ± 7.1 52/ranibizumab
group: 23 afliber-
cept group: 29

74.3 ± 8.1 Aflibercept or
ranibizumab/ 5.1
± 2

Ranibizumab group:
42.9 ± 19.3/33.2 ±
9.4 (p = 0.036)

Spectralis
(Heidelberg
Engineering)

There was a significant de-
crease in RNFL thickness in the
ranibizumab group and when
both study groups were com-

bined.
Aflibercept group:
42.9 ± 19.3/37.4 ±
16.3

4 Jan Niklas
Lüke [63]
/2023

Retrospective clini-
cal study

NA* 120/NA 78.5 ± 7.8 Ranibizumab,
bevacizumab and
aflibercept/ 10

± 4.2

Ranibizumab group:
54.5 ± 12.2

Spectralis
(Heidelberg
Engineering)

RNFL thickness remained con-
stant.

Bevacizumab group:
51.2 ± 9.9

Aflibercept group:
48.7 ± 9.4

Total: 52.1 ± 11.8

5 Małgorzata
Wichrowska
[64]/2022

Cross-sectional
study

21.13 ± 18.37 53/53 73.02 ± 7.42 Bevacizumab,
ranibizumab
and/or aflibercept/
11.66 ± 9.10

39.06 ± 8.69/39.66
± 5.84

Topcon DRI OCT
Triton

RNFL was not statistically differ-
ent in both groups; there was no
correlation between the number
of injections and RNFL thickness.

*NA, not available; p values < 0.05 were considered statistically significant.
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4.2 Effect on the Peripapillary RNFL
While some studies have shown ranibizumab to be

harmful to the retinal nerve fiber layers, they do not prove
its inferiority to other anti-VEGF compounds but only in-
dicate that it is the most frequently analyzed anti-VEGF in
this type of research. Martinez de-la-Casa et al. [47], in
their 2012 study, showed significant RNFL thinning (p <

0.001) in a group treated with ranibizumab (n = 49) dur-
ing a twelve-month of follow-up (mean number of injec-
tions: 4.8; SD = 1.6), compared to fellow untreated eyes
(n = 27). However, the continuation of this trial revealed,
in 2019 (after ninety-six months of follow-up; mean num-
ber of injections: 21; SD = 2.8), that RNFL loss, although
present, was comparable between the study (n = 20) and
control group (n = 9) (p> 0,05) [51]. A significant thinning
in both groups (treated with ranibizumab and control fellow
eyes; p = 0.009, p = 0.022, respectively) was also shown in
the study of Parlak et al. [49], who included twenty-two pa-
tients with unilateral wAMD, also during twelve months of
follow up. These findings may indicate that the passage of
time is involved in thinning. However, the progression of
the disease itself (AMD), or a potential effect of the drug
on the untreated second eye via the systemic route, can-
not be ruled out. Among all examined studies, only one by
Demirel et al. [55] included twenty-seven healthy eyes of
age-matched patients as the control group. The authors ex-
amined twenty-nine patients with unilateral wAMD treated
with ranibizumab (mean number of injections: 13.88; SD
= 3.81). After at least twelve months of follow-up (mean
time of follow-up: 38.96; SD = 15.49 months), they found
a lack of RNFL thinning or other statistically significant
differences between treated, contralateral, and healthy eye
groups.

Lack of RNFL thinning due to ranibizumabmonother-
apy during twelve months of follow-up was also noted by
Jo et al. [50] and Zucchiatti et al. [53] in their studies (with
the mean number of injection: 5.0; SD = 1.0 and 5.3; SD =
1.6, respectively).

Furthermore, aflibercept monotherapy safety regard-
ing RNFL thickness was assessed in the study of Ahn et al.
[52]. The authors evaluated groups of patients treated with
aflibercept (IVA) or ranibizumab (IVR), compared to con-
tralateral untreated eyes during twelve months of follow-up
(mean number of injections: 4.69, SD = 1.31 and 4.93; SD
= 1.39, respectively). Although they found a decrease in
RNFL thickness in both treated groups (IVA p = 0.023, IVR
p = 0.038), no significant difference occurred between the
treated and control eyes, and no significant correlation was
detected between the number of injections given and RNFL
thinning.

Bevacizumabmonotherapy was also recently assessed
in the study of Zivkovic et al. [54], published in 2023. In
their prospective interventional study of one hundred thirty-
five patients, with a twenty-four-month follow-up, the au-
thors found a lack of statistically significant difference in

RNFL thickness from the baseline value (p = 0.126) after
the mean number of 12.4 injections; SD = 2.4. Similarly,
Sobacı et al. [48] did not find changes in RNFL during be-
vacizumab or ranibizumab treatment, with the mean num-
ber of 5.1 (SD = 1.3) and 6.3 (SD = 1.9) injections, respec-
tively.

The first study conducted in patients treated with a
combination of different anti-VEGF drugs due to wAMD
was published by Horsley et al. [56] in 2010. Forty-
one eyes of thirty-seven patients were treated with pe-
gaptanib, bevacizumab, ranibizumab, or a combination
of these, with a mean number of 16.0 injections, SD =
5.5. Researchers found no statistically significant differ-
ence in RNFL thickness between the groups treated with
all anti-VEGFs, ranibizumab alone, and the combination
of ranibizumab and bevacizumab, during at least twelve
months of follow-up (average 27; SD = 9.7 months).

A more extended follow-up period was assumed in
the study conducted by Wang et al. [57], published in
2021 (mean length of injection treatment in months: 46.8;
SD = 42.0). The authors included fifty-four eyes of pa-
tients with unilateral wAMD treated with bevacizumab,
ranibizumab, or aflibercept (mean number of injections:
29.4; SD = 31.5), finding no statistically significant dif-
ferences in RNFL thickness between the study and fellow
eyes. However, the study revealed a relationship between
the changes in RNFL thickness and the number of injections
given, which was more apparent after at least thirty injec-
tions and fifty months of treatment. These results empha-
size the need to continue monitoring the safety of treatment
with anti-VEGF drugs during long-term therapy.

In one cross-sectional study [58], researchers even
found thickening of the RNFL layer in the group of patients
treated with anti-VEGF during the mean follow-up of 47.9
months (95% CI 40.5–55.2), compared to the fellow un-
treated eyes (p = 0.01). However, they did not specify the
anti-VEGF used.

Moreover, Sung Yeon Jun [59] recently published
their work regarding the effect of brolucizumab injection
on RNFL in patients previously receiving other anti-VEGFs
(bevacizumab, ranibizumab and/or aflibercept). In their
3-month follow-up, they did not notice RNFL thinning in
treated and contralateral untreated eyes [59].

4.3 Effect on the Macular Retinal Nerve Fiber Layer

Studies on the macular retinal nerve fiber layer could
not be simply compared, as they assessed different parts of
the macular area (Table 2). Two studies included in this
review evaluated RNFL in the outer ring of the ETDRS
grid [45,48], one study only in temporal sectors [50], and
two studies in all the macular area [62,64]. The study of
Beck et al. [61] included thirty-four patients with unilat-
eral wAMD, with the second eye treated as control, with a
minimum follow-up of twenty-four months. Although they
found that RNFL thickness in eyes receiving anti-VEGF in-
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jections was thinner than in the fellow eyes, the decrease in
RNFL from baseline at the final visit did not reach statisti-
cal significance. Similarly, studies of Inan et al. [62] and
Lüke et al. [63] did not show significant changes in macu-
lar RNFL thickness after administration of a mean number
of 9.08 (SD = 1.63) (ranibizumab) and ten injections (SD =
4.2) (ranibizumab, bevacizumab, and aflibercept), respec-
tively. One study compared aflibercept and ranibizumab
safety regarding the RNFL, during an average of 19.9 (SD
= 7.1) months of follow-up and 5.1 (SD = 2.0) injections
given, and found that only in the ranibizumab group (or both
groups combined) the RNFL thinning was statistically sig-
nificant. In turn, a previous study of our team evaluated
RNFL thickness in the macular area in patients treated with
anti-VEGF (bevacizumab, ranibizumab, and/or aflibercept)
compared to the fellow untreated eye. We found a lack of
differences and a lack of correlation between the number of
injections given and RNFL thickness [64].

4.4 Risk of Bias

Overall, the cited studies may be hindered by several
factors that make it difficult to compare their results. The
first is the small size of study groups, which can signifi-
cantly affect statistical analysis results. The second bias
factor is the difference among the anti-VEGFs drugs used.
Their molecular structure and physicochemical and phar-
macokinetic properties may be associated with their differ-
ent impact on the tested parameters. The third bias factor is
the length of the follow-up period. As it seems to be con-
firmed in the study, the differences in RNFL thickness may
become apparent only in long-term observation after more
injections have been made [57].

Moreover, as noted in the literature, intravitreally ad-
ministered anti-VEGF could affect the contralateral eye
via systemic circulation [65,66]. Only one study included
healthy age-matched patients as the control group to avoid
this bias [55]. It is also noteworthy that changes in the thick-
ness of the retinal layers in AMD may result from the dis-
ease itself and not the implemented treatment. Untreated
eyes with dry AMD, treated as control groups, may under-
mine the results as it has been found that dAMD can be as-
sociated with thinning of ganglion cells, the axons of which
make up the retinal nerve fiber layer, even in the early stages
of the disease [67–69].

An important factor that may also affect the thickness
of the RNFL layer is age, which was not included in the sta-
tistical analysis in many of the analyzed studies and could
have influenced the obtained results. Aging is crucial in
older patients, who represent the most AMD cases. As we
found in our previous work, patients over 73 had a signifi-
cantly thinner layer of nerve fibers [64]. Other researchers
also emphasize the influence of this factor on the thickness
of the retinal nerve fiber layer, which confirms the validity
of taking it into account in research on diseases affecting
the elderly population [70,71].

Furthermore, there are some concerns regarding the
differences between optical coherent tomography (OCT)
devices used for examination. They all differ in the di-
ameter of the scanned area of the optic disc, and/or seg-
mentation algorithms [72,73]. The devices also vary in the
resolution of the performed tests, with Stratus (time do-
main OCT) presenting lower sensitivity and specificity in
detecting abnormality in RNFL thickness than spectral do-
main OCT devices (Cirrus, Spectralis, Topcon), so the re-
sults of the obtained tests should be evaluated with great
caution [74,75]. Moreover, only a part of the studies re-
ported the signal strengths of the results obtained and the
potential implementation of manual scan corrections. As it
was shown, especially in the case of macular diseases such
as age-related macular degeneration, the reproducibility of
the automated measurements of macular layers could be af-
fected [76].

5. Conclusions
The results of the available studies remain inconclu-

sive. Most researchers seem to confirm the safety of the
anti-VEGF treatment in wet age-related macular degenera-
tion, at least regarding the retinal nerve fiber layer. How-
ever, some authors noticed that the influence of anti-VEGFs
on RNFL could become apparent after more than thirty in-
jections [60]. Nonetheless, the authors of all studies agree
that further, long-term observations are needed to help clin-
icians understand the effect of anti-VEGF treatment on the
dynamics of changes in the thickness of retinal nerve fibers
in patients with the wet form of age-related macular degen-
eration.
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