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Changes in the Ganglion Cell-inner Plexiform Layer after
Consecutive Intravitreal Injections of Anti-vascular Endothelial
Growth Factor in Age-related Macular Degeneration Patients

Se Young Kim, Myung Hun Yoon, Hee Seung Chin

Department of Ophthalmology and Inha Vision Science Laboratory, Inha University Hospital, Inha University School of Medicine,
Incheon, Korea

Purpose: To investigate the effect of intravitreal anti-vascular endothelial growth factor (VEGF) injections on
ganglion cell-inner plexiform layer (GCIPL) thickness in patients with age-related macular degeneration (AMD).

Methods: This retrospective study included patients with continuous anti-VEGF treatment who were adminis-
tered at least three consecutive injections for unilateral neovascular AMD. The GCIPL thickness of the study
eyes was compared before and after treatment and with healthy fellow eyes using spectral-domain optical
coherence tomography. We also evaluated best-corrected visual acuity, age, and intraocular pressure.

Results: In total, 96 eyes of 48 patients (14 females and 34 males; mean + standard deviation [SD] age, 70.10 +
8.89 years) with mean number of 6.29 (SD + 3.76) anti-VEGF injections and a mean follow-up period of 24.93
months (SD + 19.86) were included in the study. After three consecutive intravitreal injections of anti-VEGF, the
mean GCIPL thickness was significantly reduced from 70.50 (SD =+ 14.06) to 65.97 (SD + 13.91) um. Borderline
or nonsignificant decrease was also observed in GCIPL thickness for each sector. At the end of the study, the
mean GCIPL thickness was further reduced to 62.56 (SD + 16.30) ym, and significant decreases were also

observed in all other sectors compared with baseline.

Conclusions: It has been observed that GCIPL thickness can decrease with only three consecutive anti-VEGF
injections as well as with long-term treatment in AMD patients.
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Age-related macular degeneration (AMD) is the most
common cause of irreversible blindness in the elderly pop-
ulation [1]. AMD causes functional deterioration of the
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central retina and its supporting structures, resulting in
gradual reduction of visual acuity [2]. Neovascular age-re-
lated macular degeneration (nAMD), which affects 10% of
AMD patients [3], is characterized by formation of choroi-
dal neovascularization, pigment epithelial detachment,
pigment epithelial tear, fibrovascular disciform scar, and
vitreous hemorrhage [4]. It is well-established that vascular
endothelial growth factor (VEGF) plays a key role in
pathogenesis of neovascularization in nAMD [5]. There-
fore, numerous drugs have been developed to inhibit
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VEGEF, and intravitreal injections of anti-VEGF are widely
used as a standard treatment for nAMD. Intravitreal an-
ti-VEGF injections are known to have excellent efficacy
and be relatively safe for long-term use [6,7]. However,
since VEGF plays an essential role in development and
maintenance of ocular tissue, especially in the retina and
choroid and in neuronal protection [8-10], inhibiting VEGF
may theoretically have a negative impact on various tissues
in the eye. Several studies have suggested that repeated in-
travitreal anti-VEGF injections lead to retinal pigment epi-
thelium atrophy [11] as well as scleral thinning [12]. Fur-
thermore, anti-VEGF is also reportedly toxic to retinal
ganglion cells [13,14]. However, few studies have examined
the effects of repeated intravitreal anti-VEGF injections on
retinal ganglion cell layers in patients. In addition, as
AMD persists for a long time, the natural course of the
disease may result in decreased retinal ganglion cell layer
[15]. Therefore, a prolonged observation period would
make it difficult to identify the actual effect of anti-VEGF
treatment alone on reduction of the retinal ganglion cell
layer.

Therefore, we investigated the effects of anti-VEGF
treatment on retinal ganglion cells in nAMD patients not
only after long-term follow-up periods, but also in a
short-duration follow-up period after only three consecu-
tive monthly injections.

Materials and Methods

Participants

This study was carried out in accordance with the Dec-
laration of Helsinki following approval of the relevant In-
stitutional Review Board (INHAU 2017-10-001). This was
a retrospective study conducted during the period of Janu-
ary 2012 to February 2018. We reviewed the medical re-
cords of nAMD patients who were identified as naive at
treatment baseline and who had been given at least three
consecutive injections of intravitreal ranibizumab (Lucen-
tis; Genentech, San Francisco, CA, USA) or aflibercept
(Eylea; Regeneron, Tarrytown, NY, USA) at one-month
intervals during the study period. All patients received the
first three consecutive injections during the first three
months and subsequently received injections using the Pro
Re Nata protocol at the discretion of the physician. All pa-
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tients were evaluated for corrected visual acuity, intraocu-
lar pressure, and optical coherence tomography results be-
fore and one month after the three consecutive intravitreal
injections and at the end of the study; the healthy fellow
eyes were similarly evaluated at baseline. Corrected visual
acuity was measured using a Snellen chart and converted
to logarithm of minimal angle of resolution (logMAR).
Subjects were excluded if they had previous or current vit-
reoretinal diseases in the fellow eye, any vitreoretinal dis-
ease other than AMD in the study eye, media opacity that
interfered with macular examination, a history of laser
photocoagulation and ocular surgery other than cataract
surgery, a history of intravitreal anti-VEGF injection prior
to the study period, an elevating intraocular pressure ex-
ceeding 21 mmHg during the study period, or high myopia
(spherical equivalent <-6.0 diopters). Subjects with a histo-
ry of dementia, multiple sclerosis, or glaucoma that could
impact the ganglion cell-inner plexiform layer (GCIPL)
were also excluded.

Optical coherence tomography analysis

The retinal ganglion cell layers were measured using
spectral-domain optical coherence tomography (OCT)
(Cirrus HD-OCT; Carl Zeiss Meditec, Dublin, CA, USA).
One macular scan (macular cube 514 x 128 protocol) was
obtained for each subject; the macular protocol also includ-
ed a ganglion cell analysis, which detects and measures the
thickness of the macular GCIPL within a 14.13-mm” ellip-
tical annulus area centered on the fovea. The GCIPL thick-
ness measurements were analyzed as mean, minimum, and
sectoral (e.g., superior, superonasal, inferonasal, inferior,
inferotemporal, and superotemporal) values. All parame-
ters were measured automatically using the Cirrus internal
macular thickness analysis algorithm. In this study, only
good-quality OCT images with a signal strength greater
than 6 were analyzed. All OCT scans were performed by a
single certified technician. Two independent researchers
(YMH and KSY), blinded to the results of the study, ana-
lyzed the OCT scans; subjects were excluded if the GCIPL
layers automatically segmented by the Cirrus program
were inaccurate due to severe macular edema, submacular
hemorrhage, submacular fluid collection, or macular dis-
tortion.
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Statistical analysis

Statistical analysis was performed using the PASW Sta-
tistics ver. 18 (SPSS Inc., Chicago, IL, USA). Comparisons
between two independent groups were performed using
Student’s #-test, and comparisons between two paired mea-
surements were performed using paired ¢-test. Statistical
significance was defined as a p-value less than 0.05.

Results

Clinical features before treatment

Of the 184 subjects identified during the study period, 48
who met the inclusion criteria were enrolled in the study;
the remaining either met the exclusion criteria or were ex-
cluded because OCT segmentation of GCIP was not accu-
rate. In total, 48 subject eyes and 48 healthy fellow eyes of
48 patients were analyzed. The subjects included 34 males

Table 1. Baseline characteristics of study patients

and 14 females; of these, 25 patients were given ranibi-
zumab, and 23 patients received aflibercept. The mean age
was 70.10 = 8.89 years, ranging from 54 to 92 years, and
laterality was evenly distributed, in 24 right eyes and 24
left eyes. The mean corrected visual acuity was logMAR
0.70 + 0.41 in the study eyes and 0.19 £ 0.24 in fellow eyes
(p <0.001). The mean intraocular pressure was 15.27 & 3.25
mmHg in the study eyes and 15.66 + 3.17 mmHg in fellow
eyes (p = 0.548). The mean and minimum GCIPL thick-
ness values were 70.50 + 14.06 and 45.64 + 19.96 um, re-
spectively, in the study eyes and 76.31 + 11.52 and 66.66 +
18.61 pm in the fellow eyes. The mean and minimal GCI-
PL thickness values of study eyes were significantly lower
than those of fellow eyes (p = 0.029 and p < 0.001, respec-
tively). The GCIPL thickness the superotemporal, superior,
superonasal, inferonasal, inferior, and inferotemporal sec-
tors was 69.58 + 15.73, 69.50 + 18.90, 74.18 + 19.60, 72.58 +
22.25, 6775 + 1948, and 69.27 + 18.72 um, respectively, in
the study eyes and 75.04 + 12.83, 76.00 + 14.11, 78.37 +
11.71, 77.85 £ 10.75, 74.47 £ 12.71, and 76.52 + 12.87 pum in

Characteristics Study eye Fellow eye p-value’

Age (yr) 70.10 + 8.89 70.10 + 8.89

Sex, female : male 14 :34 14: 34

Laterality, right : left 24 :24 24 :24

No. of injections after loading treatment 3 0+0.00 0.000

Total number of injections at the end of the study 6.29+£3.76 0+0.00 0.000

Follow-up time (mon) 24.93 +£19.86

BCVA (logMAR) 0.70 +£0.41 0.19+0.24 <0.001

Intraocular pressure (mmHg) 15.27+£3.25 15.66 £3.17 0.548

Spherical equivalent (diopters) 0.49 +1.54 0.64+1.49 0.617

Ganglion cell-inner plexiform layer (um)
Average 70.50 + 14.06 7631 +£11.52 0.029
Minimum 45.64 £19.96 66.66 +18.61 <0.001
Superotemporal 69.58 + 15.73 75.04 £12.83 0.066
Superior 69.50 £ 18.90 76.00 £ 14.11 0.059
Superonasal 74.18 £19.60 78.37 £11.71 0.207
Inferonasal 72.58 +£22.25 77.85+£10.75 0.143
Inferior 67.75 +19.48 7447 +£12.71 0.048
Inferotemporal 69.27 £ 18.72 76.52 +12.87 0.029

Values are presented as mean + standard deviation.

BCVA = best-corrected visual acuity; logMAR = logarithm of minimal angle of resolution.

"Independent samples #-test.
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fellow eyes. Inferior and inferotemporal sectors were sig-
nificantly lower (p = 0.048 and 0.029, respectively) in sub-
ject eyes compared to fellow eyes, with no significant dif-
ferences in the other sectors (all p > 0.05) (Table 1). No
statistically significant difference was observed with re-
spect to age, corrected visual acuity, intraocular pressure,
or GCIPL thickness upon comparing the ranibizumab
group and the aflibercept group.

GCIPL thickness change after three consecutive month-
ly injections

The GCIPL thickness as measured by OCT, corrected
visual acuity, and intraocular pressure was evaluated be-
fore treatment, at one month after the three consecutive
monthly loading injections (ranibizumab or aflibercept),
and at the end of the study period in all 48 subject eyes
with AMD. Analysis revealed that corrected visual acuity
improved significantly from logMAR 0.70 + 0.41 before
treatment to 0.57 = 0.44 after loading treatment (p = 0.001).
The intraocular pressure decreased from 15.27 + 3.25 to
15.04 + 2.91 mmHg but was not statistically significant (p
= 0.575). Separately, mean GCIPL thickness significantly
decreased from 70.50 £+ 14.06 to 65.97 = 1391 um (p =
0.004) (Fig. 1). Minimal GCIPL thickness decreased from
45.64 £ 19.96 to 42.66 + 22.41 um, but this was not a signif-
icant change (p = 0.237). The thickness of each sector was
as follows: for the superotemporal, superior, superonasal,

+ KN 3
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Fig. 1. Representative map of mean ganglion cell-inner plexiform
layer (GCIPL) at baseline, after three consecutive monthly load-
ing treatments with anti-vascular endothelial growth factor for
neovascular age-related macular degeneration (posttreatment),
and at study end (end of study). The graph shows that mean GCI-
PL thickness decreases from baseline to after loading treatment
and then toward the end of the study. “p < 0.05.
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inferonasal, inferior, and inferotemporal sectors, values
were 69.58 + 15.73, 69.50 + 18.90, 74.18 £+ 19.60, 72.58 +
22.25, 67.75 £ 19.48, and 69.27 + 18.72 pum, respectively, be-
fore treatment and 64.52 + 17.39, 64.31 + 18.16, 70.83 +
16.20, 67.25 + 18.33, 62.37 + 19.44, and 66.29 + 19.28 um
after treatment. We observed that GCIPL thickness was
lower in all sectors after treatment than before treatment,
but the change was statistically significant only in the su-
perotemporal (p = 0.011) and superior sectors (p = 0.045)
(Table 2). Fig. 2A-2D presents a case example for these
findings.

GCIPL thickness change at the end of the study

At the end of the study, after a mean follow-up period of
24.93 months (SD =+ 19.86), corrected visual acuity im-
proved significantly from logMAR 0.70 + 0.41 before
treatment to 0.56 = 0.43 (p = 0.005). Intraocular pressure
was not significantly changed over the study period, from
15.27 +3.25 to 15.00 + 2.93 mmHg (p = 0.522). Mean GCI-
PL thickness significantly decreased from 70.50 + 14.06 to
62.56 £+ 16.30 pm (p < 0.001) (Fig. 1), while minimal GCI-
PL thickness decreased from 45.64 + 19.96 to 38.70 + 23.47
pum (p = 0.048). The thickness of each sector assessed was
as follows: for the superotemporal, superior, superonasal,
inferonasal, inferior, and inferotemporal sectors, the values
were 69.58 + 15.73, 69.50 + 18.90, 74.18 + 19.60, 72.58 +
22.25, 6775 £ 19.48, and 69.27 + 18.72 um, respectively, be-
fore treatment and 62.22 + 19.99, 60.62 + 19.78, 67.79 +
18.75, 64.64 £ 19.34, 56.08 + 21.29, and 59.83 + 21.40 um
after treatment. The GCIPL thickness was significantly
lower in all sectors at the end of the study period than be-
fore treatment (p = 0.003, 0.002, 0.033, 0.023, 0.001, and
0.001, respectively) (Table 2).

Discussion

Since treatment of nAMD with intravitreal anti-VEGF
injection is recognized to have an excellent therapeutic
outcome compared with previous conventional treatments,
many patients have been treated with long-term repeated
injections. However, despite the therapeutic efficacy of an-
ti-VEGF drugs, the corresponding side effects are unclear.
As described above, since VEGF plays an important role
in maintenance of retinal and choroidal tissue and also has
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Table 2. Changes in GCIPL before and after treatment

Pretreatment” Posttreatment” End of the study p-value' p-value*
BCVA (logMAR) 0.70 £0.41 0.57+0.44 0.56 £0.43 0.001 0.005
IOP (mmHg) 15.27+3.25 15.04£2.91 15.00 =2.93 0.576 0.522
GCIPL (um)
Average 70.50 = 14.06 65.97+13.91 62.56 +16.30 0.004 0.000
Minimum 45.64 +£19.96 42.66 +22.41 38.70 +23.47 0.237 0.048
Superotemporal 69.58 £ 15.73 64.52+17.39 62.22 +£19.99 0.011 0.003
Superior 69.50 = 18.90 64.31+£18.16 60.62 £ 19.78 0.045 0.002
Superonasal 74.18 £ 19.60 70.83 +16.20 67.79 + 18.75 0.181 0.033
Inferonasal 72.58 +£22.25 67.25+18.33 64.64 £ 19.34 0.061 0.023
Inferior 67.75+£19.48 62.37+19.44 56.08 +21.29 0.076 0.001
Inferotemporal 69.27 £18.72 66.29 +19.28 59.83 +21.40 0.124 0.001

Values are presented as mean + standard deviation.

GCIPL = ganglion cell-inner plexiform layer; BCVA = best-corrected visual acuity; logMAR = logarithm of minimal angle of resolution;
IOP = intraocular pressure.

"Treatment means the first three consecutive monthly loading injections; ‘Comparing pre-treatment with posttreatment, paired samples
t-test; *Comparing pretreatment with last follow-up, paired samples ¢-test.

A B
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Fig. 2. Case example of an age-related macular degeneration patient who was treated with anti-vascular endothelial growth factor ther-
apy. A 60-year-old patient was administered three consecutive monthly intravitreal injections of aflibercept. A representative map of
ganglion cell-inner plexiform layer thickness (A) at baseline and (B) after treatment. Each sectoral measurement of ganglion cell-inner
plexiform layer thickness was also demonstrated (C) at baseline and (D) after treatment. OD = oculus dexter.

neuroprotective effects [8-10], artificial blockage of VEGF
may result in intraocular complications. In fact, several

[12] and retinal pigment epithelium [11].
In a review of the literature investigating the effects of
studies have reported that repeated anti-VEGF treatment anti-VEGF on retinal ganglion cells, a laboratory study

leads to atrophy of various ocular tissues such as the sclera showed that VEGF protects retinal ganglion cells from ox-
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idative stress, and this protective effect is eliminated by
treatment with bevacizumab [16]. A similar study reported
that survival of retinal ganglion cells under oxidative stress
decreased with increasing concentration of bevacizumab
administration [14]. An animal study further suggested
that retinal ganglion cells were severely damaged when
VEGF was blocked [10], while another study indicated no
changes in the retinal ganglion cell layer after VEGF inhi-
bition [17]. Previous clinical studies of retinal alterations
after intravitreal injections of anti-VEGF mostly reported
changes in the retinal nerve fiber layer (RNFL) assessed
using OCT. One study found that long-term treatment with
anti-VEGF caused no significant change in RNFL thick-
ness in patients with AMD [18]. Conversely, another report
found that RNFL thickness was significantly decreased at
12 weeks after treatment with two intravitreal bevacizum-
ab injections in patients with wet-type AMD, while there
was no significant difference at 24 weeks compared with
baseline [19]. In a study of various diseases including
AMD, diabetic retinopathy, and retinal vein occlusion, an-
ti-VEGF treatment had no significant effect on RNFL
thickness [20]. Hence, it is difficult to clearly conclude the
relationship between intravitreal anti-VEGF treatment and
changes in RNFL thickness. However, the retinal ganglion
cell layer in glaucoma patients is more sensitive to changes
in the visual field than alterations in the peripapillary reti-
nal nerve fiber layer [21,22]. Therefore, a study evaluating
changes in the retinal ganglion cell layer after intravitreal
anti-VEGF injection therapy may be more meaningful, al-
though there is only one such study published to date. Ac-
cording to that study, retinal ganglion cell layer thickness
significantly decreased, with no significant change in
RNFL thickness after an average of 31.5 anti-VEGF injec-
tion treatments over a mean of 45.3 months [23]. However,
it is difficult to distinguish the cause of decrease in retinal
ganglion cell layer thickness; it could either be a natural
course associated with progression of AMD over the long-
term follow-up, an effect of anti-VEGF drugs, or an intra-
ocular pressure spike after intravitreal injection. Differing
numbers and intervals of intravitreal injections also inter-
fere with determination of the impact of anti-VEGF treat-
ment on the retinal ganglion cell layer. Hence, we believe
the results of the current study are meaningful, since the
study assesses three consecutive anti-VEGF loading treat-
ments commonly used in real-world clinical practice, and
all subjects were administered the same number of injec-
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tions (three) and participated in the same observation peri-
od after baseline (3 months), thereby controlling variables
that would affect the outcome. Also, a short observation
period could reduce the effect of ganglion cell layer de-
crease due to long-term AMD progression rather than an-
ti-VEGF treatment. We effectively evaluated the funda-
mental effects of anti-VEGF treatment by standardizing
the treatment conditions and maintaining a high concen-
tration of intraocular drug by administering an intensive
treatment over a short duration.

To our knowledge, this study was the first to investigate
the change in GCIPL after anti-VEGF treatment using the
Cirrus OCT system. The Cirrus OCT system may experi-
ence segmentation errors during measurement of GCIPL
when macular lesions are present [24,25]. A previous study
using the Cirrus HD-OCT system reported a larger num-
ber of scanning artifacts in eyes with wet AMD (64.4%)
compared to those with dry AMD (20.5%) [25]. The au-
thors suggested that morphologic features such as fluid be-
tween the retina and the retinal pigment epithelium or fluid
within the retina led to misidentification of retinal bound-
aries, resulting in segmentation errors [25]. Recently, there
have been several studies on automatic segmentation er-
rors that arise while using various OCT devices [26-28].
Kim et al. [26] reported the frequency of segmentation er-
rors with the Spectralis OCT system (Heidelberg Engi-
neering, Heidelberg, Germany) and found clinically signif-
icant errors greater than 50 pm in 17 eyes (6.4%), 13
(43.3%) of which had wet AMD. Ho et al. [27] evaluated
different OCT device systems among patients with various
retinal diseases and concluded that the Cirrus HD-OCT
system produced the lowest percentage of any type of arti-
fact in patients with wet AMD. Hence, to improve accura-
cy, all cases with segmentation errors were excluded from
the analysis, and only cases with good segmentation out-
comes were included. In our study, 41 (22%) of the 184 pa-
tients were excluded because of inaccurate automatic seg-
mentation.

There are some limitations to this study, including pri-
marily its retrospective nature. Also, due to the small sam-
ple size, the statistical power was weak as segmentation
error and other exclusion criteria were strictly applied,
leading to a sacrifice of statistical power but improving the
accuracy of the results. Consequently, a statistically signif-
icant decrease was observed only in the mean, superotem-
poral, and superior GCIPL thicknesses after loading treat-
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ment. However, even though the results were not
statistically significant, a decrease in thickness was ob-
served in all other GCIPL regions. Furthermore, the de-
clining trend of GCIPL after anti-VEGF treatment became
more apparent toward the end of the study, when statisti-
cally significant decreases in all measurements of GCIPL
were detected. We therefore hypothesize that statistical
significance could be obtained by increasing the sample
size. Additionally, the mean, minimum, inferior, and in-
ferotemporal GCIPL values were slightly lower in the
study eyes compared to fellow eyes before treatment,
which is similar to the results of other studies that report
thinner retinal ganglion cell layer in nAMD than in
healthy controls [15]. Although this study is meaningful as
effects were evaluated in a short-duration follow-up period
after three consecutive injections, the short observation
period compared with those of other studies is still a major
limitation. In one study, RNFL (not GCIPL) thickness was
significantly decreased at 12 weeks after two intravitreal
bevacizumab injections in patients with AMD but was not
significant at 24 weeks [19]. Contrarily, our study showed a
decrease in GCIPL not only after the short term, but after
an average of 24.93 + 19.86 months. However, we are still
unable to predict how GCIPL thickness will change after a
longer period. Further research is required to compare the
results obtained after a longer duration in these patients.

In conclusion, although anti-VEGF injection therapy is
relatively safe in AMD patients, careful observation is
needed to consider the possibility of GCIPL reduction with
only three doses of loading treatment. Furthermore, we
should also consider the possibility of GCIPL thickness re-
duction with a larger number of injections over a long pe-
riod. Therefore, in long-term treatment of intravitreal an-
ti-VEGF injections for nAMD patients, especially those
with glaucoma, it would be beneficial to aim efforts toward
reducing total amount of medication by tailoring individu-
alized therapies using various methods such as pro-re-nata
or treat-and-extend.

Conflict of Interest

No potential conflict of interest relevant to this article
was reported.

Acknowledgements

This work was supported by Inha University Research
Grant, Incheon, Korea.

References

1. Sobrin L, Seddon JM. Nature and nurture- genes and envi-
ronment- predict onset and progression of macular degen-
eration. Prog Retin Eye Res 2014;40:1-15.

2. Bird AC, Bressler NM, Bressler SB, et al. An international
classification and grading system for age-related maculop-
athy and age-related macular degeneration. The Interna-
tional ARM Epidemiological Study Group. Surv Ophthal-
mol 1995;39:367-74.

3. Ferris FL 3rd, Fine SL, Hyman L. Age-related macular de-
generation and blindness due to neovascular maculopathy.
Arch Ophthalmol 1984;102:1640-2.

4. Bressler NM, Bressler SB, Fine SL. Age-related macular
degeneration. Surv Ophthalmol 1988;32:375-413.

5. Ambati J, Ambati BK, Yoo SH, et al. Age-related macular
degeneration: etiology, pathogenesis, and therapeutic strat-
egies. Surv Ophthalmol 2003;48:257-93.

6. CATT Research Group, Martin DF, Maguire MG, et al.
Ranibizumab and bevacizumab for neovascular age-related
macular degeneration. N Engl J Med 2011;364:1897-908.

7. Comparison of Age-related Macular Degeneration Treat-
ments Trials (CATT) Research Group, Martin DF, Maguire
MG, et al. Ranibizumab and bevacizumab for treatment of
neovascular age-related macular degeneration: two-year re-
sults. Ophthalmology 2012;119:1388-98.

8. Blaauwgeers HG, Holtkamp GM, Rutten H, et al. Polarized
vascular endothelial growth factor secretion by human ret-
inal pigment epithelium and localization of vascular endo-
thelial growth factor receptors on the inner choriocapillar-
is. Evidence for a trophic paracrine relation. Am J Pathol
1999;155:421-8.

9. Marneros AG, Fan J, Yokoyama Y, et al. Vascular endothe-
lial growth factor expression in the retinal pigment epithe-
lium is essential for choriocapillaris development and visu-
al function. Am J Pathol 2005;167:1451-9.

10. Nishijima K, Ng 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.

17



Korean J Ophthalmol Vol.34, No.1, 2020

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

18

Cho HJ, Yoo SG, Kim HS, et al. Risk factors for geographic
atrophy after intravitreal ranibizumab injections for retinal
angiomatous proliferation. Am J Ophthalmol 2015;159:285-
92.

Zinkernagel MS, Schorno P, Ebneter A, Wolf S. Scleral
thinning after repeated intravitreal injections of antivascu-
lar endothelial growth factor agents in the same quadrant.
Invest Ophthalmol Vis Sci 2015;56:1894-900.

Foxton RH, Finkelstein A, Vijay S, et al. VEGF-A is neces-
sary and sufficient for retinal neuroprotection in models of
experimental glaucoma. Am J Pathol 2013;182:1379-90.

Lee JM, Bae HW, Lee SY, et al. Effect of anti-vascular en-
dothelial growth factor antibody on the survival of cultured
retinal ganglion cells. Korean J Ophthalmol 2017;31:360-5.
Zucchiatti I, Parodi MB, Pierro L, et al. Macular ganglion
cell complex and retinal nerve fiber layer comparison in
different stages of age-related macular degeneration. Am J
Ophthalmol 2015;160:602-7.

Brar VS, Sharma RK, Murthy RK, Chalam KV. Bevaci-
zumab neutralizes the protective effect of vascular endo-
thelial growth factor on retinal ganglion cells. Mol Vis
2010;16:1848-53.

Cheng CK, Peng PH, Tien LT, et al. Bevacizumab is not
toxic to retinal ganglion cells after repeated intravitreal in-
jection. Retina 2009;29:306-12.

Horsley MB, Mandava N, Maycotte MA, Kahook MY.
Retinal nerve fiber layer thickness in patients receiving
chronic anti-vascular endothelial growth factor therapy.
Am J Ophthalmol 2010;150:558-61.

Entezari M, Ramezani A, Yaseri M. Changes in retinal
nerve fiber layer thickness after two intravitreal bevaci-
zumab injections for wet type age-related macular degen-
eration. J Ophthalmic Vis Res 2014;9:449-52.

Shin HJ, Shin KC, Chung H, Kim HC. Change of retinal

21.

22.

23.

24.

25.

26.

27.

28.

nerve fiber layer thickness in various retinal diseases treat-
ed with multiple intravitreal antivascular endothelial
growth factor. Invest Ophthalmol Vis Sci 2014;55:2403-11.
Shin HY, Park HY, Jung KI, Park CK. Comparative study
of macular ganglion cell-inner plexiform layer and peripap-
illary retinal nerve fiber layer measurement: structure-func-
tion analysis. Invest Ophthalmol Vis Sci 2013;54:7344-53.
Ohkubo S, Higashide T, Udagawa S, et al. Focal relationship
between structure and function within the central 10 de-
grees in glaucoma. Invest Ophthalmol Vis Sci 2014;55:5269-
77.

Beck M, Munk MR, Ebneter A, et al. Retinal ganglion cell
layer change in patients treated with anti-vascular endothe-
lial growth factor for neovascular age-related macular de-
generation. Am J Ophthalmol 2016;167:10-7.

Lee HJ, Kim MS, Jo YJ, Kim JY. Ganglion cell-inner
plexiform layer thickness in retinal diseases: repeatability
study of spectral-domain optical coherence tomography.
Am J Ophthalmol 2015;160:283-9.

Alshareef RA, Goud A, Mikhail M, et al. Segmentation er-
rors in macular ganglion cell analysis as determined by op-
tical coherence tomography in eyes with macular patholo-
gy. Int J Retina Vitreous 2017;3:25.

Kim HJ, Chung H, Kim HC. Artifacts associated with
spectral-domain optical coherence tomography. J Korean
Ophthalmol Soc 2011;52:943-51.

Ho J, Sull AC, Vuong LN, et al. Assessment of artifacts
and reproducibility across spectral- and time-domain opti-
cal coherence tomography devices. Ophthalmology
2009;116:1960-70.

Patel PJ, Chen FK, da Cruz L, Tufail A. Segmentation error
in Stratus optical coherence tomography for neovascular
age-related macular degeneration. Invest Ophthalmol Vis
Sci 2009;50:399-404.



