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Abstract
Purpose We aimed to compare changes in subfoveal and
peripapillary choroidal thickness (CT) after intravitreal
aflibercept or ranibizumab injections for neovascular
age-related macular degeneration (AMD).
Methods Medical records of 54 treatment-naïve, consecutive
patients (54 eyes) who were diagnosed with neovascular
AMD and received three monthly injections of aflibercept
(21 eyes) or ranibizumab (33 eyes) were reviewed. Subfoveal
and peripapillary CT were measured with images obtained
using spectral domain optical coherence tomography at
baseline and at three months.
Results Subfoveal CT decreased from 232.2 ± 94.4 μm at
baseline to 207.1±89.3 μm at three months in the aflibercept
group (p < 0.001) and from 231.5 ± 102.9 μm to 220.0
±98.0 μm in the ranibizumab group (p=0.006). The reduc-
tion was greater in the aflibercept group than in the
ranibizumab group (p=0.024). Peripapillary CT decreased
from 157.2±62.2 μm at baseline to 147.4±62.2 μm at three
months in the aflibercept group (p<0.001). However, the
change in peripapillary CT from 154.9±46.5 μm at baseline

to 152.3±50.0 μm at three months was not significant in the
ranibizumab group (p=0.123).
Conclusions Intravitreally injected aflibercept significantly
decreased subfoveal CT more than ranibizumab. Choroidal
thinning after aflibercept injection was not limited to the
subfoveal area, but extended beyond the macula as well.

Keywords Aflibercept . Ranibizumab . Age-relatedmacular
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Introduction

Neovascular age-related macular degeneration (AMD) is a
leading cause of visual impairment worldwide [1]. It is asso-
ciated with choroidal neovascularization (CNV), and many
kinds of treatments have been used to inhibit exudation asso-
ciated with CNV [1–5]. Recently, intravitreal injections of
anti-vascular endothelial growth factor (VEGF) agents such
as ranibizumab (Lucentis; Genentech, South San Francisco,
CA) and aflibercept (Eylea; Regeneron, Tarrytown, New
York, USA; and Bayer HealthCare, Berlin, Germany) have
been widely used to treat neovascular AMD [2–5]. Both drugs
efficiently resolve the exudation associated with CNV and
improve visual acuity in eyes with neovascular AMD [2–5].
Despite their similar clinical effects, both drugs have different
structures, half-lives, binding affinities and biological
activities [4, 6, 7].

VEGF has been suggested to be an important regulator of
the pathologic angiogenesis and neovascularization associated
with neovascular AMD [8]. Thus, targeted inhibition of
VEGF has been attempted through the use of anti-VEGF
agents; however, in the choroid, a highly vascular tissue that
supplies blood to the retinal pigment epithelium (RPE) and
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outer retina, VEGF is associated with maintenance of choroi-
dal capillaries and blood flow [9–11]. For these reasons, there
have been concerns about the effect of intravitreally injected
anti-VEGF drugs on the choroid [12, 13]. Recent studies re-
ported decreased subfoveal choroidal thickness (CT) after in-
travitreal injection of ranibizumab or aflibercept in eyes with
neovascular AMD [14–19]. It was suggested that intravitreally
injected anti-VEGF drugs have a pharmacologic effect not
only on neovascular tissue, but also on the underlying choroid
[17, 19]. However, these studies only analyzed the choroid of
the macular region, and it was unclear whether normal choroid
outside of the macula without overlying retinal pathology is
affected by intravitreal anti-VEGF injection.

Peripapillary choroid, which surrounds the optic disc,
has a different blood supply from the macula because the
choroid is supplied by various ciliary arteries and has sep-
arate, segmental distributions without anastomoses be-
tween the supplying arteries [20]. Recently, peripapillary
choroid has been investigated in the context of several
retinal diseases [21–23]. In these studies, the nasal
peripapillary choroid was defined as the choroid outside
of the macula [22, 23]. In the current study, we defined
the nasal peripapillary choroid as the choroid outside of
the macula, and we investigated short-term changes
of subfoveal and peripapillary CT after three consecutive
monthly intravitreal ranibizumab or aflibercept injections [24].

Materials and methods

This study was approved by the institutional review board of
Korea University Medical Centre. All research and data col-
lection followed the tenets of the Declaration of Helsinki.
Medical records of patients who were diagnosed with
neovascular AMD between January 2013 and June 2015 were
reviewed retrospectively. We included patients who
underwent three monthly intravitreal injections of aflibercept
or ranibizumab for neovascular AMD. After the introduction
of aflibercept in Korea, all treatment-naïve patients in our
clinic received aflibercept as a first line treatment for
neovascular AMD from July 2014 and these patients were
categorized as the aflibercept group. The ranibizumab group
consisted of the patients who underwent intravitreal injections
of ranibizumab before July 2014.

This study included only treatment-naïve neovascular
AMD patients 50 years of age or older who showed exuda-
tive changes from CNVon fluorescein angiography and spec-
tral domain-optical coherence tomography (SD-OCT). This
study excluded cases of polypoidal choroidal vasculopathy
(PCV), which was diagnosed if the patient showed CNV on
fluorescein angiography and if any one of the following
criteria were met: 1) a branching network visible underneath
the RPE or focal hyperfluorescent polyps visible in areas of

the branching network with indocyanine green angiography,
2) the presence of an elevated, reddish-orange lesion protrud-
ing from the choroid on fundoscopic examination or 3) the
existence of recurrent hemorrhagic or serous pigment epithe-
lial detachment [25–28]. We classified neovascular lesion
types into three categories, type 1 (sub-RPE), type 2
(subretinal) and type 3 (intraretinal), according to the macular
photocoagulation study group and the guidelines proposed by
Freund based on angiographic and OCT features [29–31].
Classification was performed by two retinal specialists
(C.Y. and J.A.). In cases with disagreement, the case was
reviewed by the two observers and a final decision was made
by consensus.

Cases of high myopia (axial length≥ 26.0 mm or refrac-
tive errors≥ -6.0 diopters), glaucoma, optic nerve disorder
and a history of refractive surgery or cataract surgery with-
in the past six months were excluded from this study. Pa-
tients with a history of vitreoretinal surgery, retinal and
choroidal disorders, including vascular disease or uveitis
and previous treatment with photodynamic therapy or oth-
er intravitreal anti-VEGF injections were excluded from
this study. Data were collected at baseline and three
months after monthly intravitreal injections of aflibercept
or ranibizumab.

Spectral domain optical coherence tomography

We used SD-OCT (3D OCT-1000 Mark II, software version
6.21;Topcon Corp., Tokyo, Japan) with a wavelength of
840 nm, a horizontal resolution ≤20 μm and an axial resolu-
tion of up to 5 μm. We obtained 6-mm horizontal line-scan
images centered on the fovea and 3.4-mm circle scan images
centered on the optic disc. In our retina clinic, we usually
perform OCTwith a 6-mm-zone macula scan and an addition-
al 3.4-mm-diameter circle scan of the optic disc to detect co-
morbid diseases of optic nerve such as glaucoma [32]. The
choroidal mode was used to obtain choroidal layer images.
The line scan and circle scan consisted of 1024 A-scans, and
circle scan images were scanned four times. All images were
averaged to improve the signal-to-noise ratio. Images were
excluded if they were low quality with a signal strength indi-
cator (Q-factor) value < 45 or if the choroidal layer was not
visible due to media opacities or severe subfoveal
hemorrhages.

Measurement of subfoveal and peripapillary choroidal
thickness

Line-scan images obtained using the choroidal mode of the
OCT were used to measure subfoveal CT (Fig. 1). Using a
caliper tool in the OCT image viewer program, the CT was
measured manually. The CTwas defined as the perpendicular
distance between the RPE and the inner margin of the
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chorioscleral junction [33]. If a hyporeflective layer
representing a suprachoroidal layer was observed on OCT, it
was not included in CT [34].

A 360° 3.4-mm-diameter circle scan obtained using the
standard protocol for retinal nerve fiber layer (RNFL) assess-
ment was used to analyze the peripapillary choroid. Circle
scans provide values of 12 sectors surrounding the optic disc
(Fig. 1). Peripapillary CT was measured by a previously re-
ported method [22, 23, 35] First, the retinal thickness of each
sector was obtained, and by using a modification tool in the
OCT image viewer program, the segmentation line indicating
RPE was modified and moved to the chorioscleral junction by
the examiner. With this modification, we obtained
chorioretinal thickness. Peripapillary CT was subsequently
obtained by subtracting retinal thickness from chorioretinal
thickness. Nasal and temporal peripapillary choroids were de-
fined from sectors 1 to 5 and from sectors 7 to 11, respectively.
All measurements were performed by two independent exam-
iners (C.Y. and J.A.) who were blinded to patient information.
The mean of values from two examiners are used for analysis,
and peripapillary CT was measured without access to in-
formation about macula.

Statistical methods

Normal distribution of all continuous parameters was ver-
ified using the Kolmogorov-Smirnov test. The parameters
of the aflibercept group and the ranibizumab group were
compared using chi-square tests for categorical variables
and independent t-tests for continuous variables. Paired
t-test was used to analyze the change in peripapillary
and macular CT at each visit. The proportional change
in CT was calculated by comparing CT before and after
intravitreal injection, and it was defined as the difference
in CT (baseline CT – CT at three months) divided by
baseline CT. The best-corrected visual acuity (BCVA)
was converted to the logarithm of the minimum angle of
resolution (logMAR). Statistical analyses were performed
using SPSS software version 20.0 for Windows (IBM
Corp., Armonk, NY, USA). Results with p values < 0.05
were considered statistically significant. If the patients
had neovascular AMD in both eyes, the right eye was
chosen for analysis. If the right eye did not meet the
inclusion criteria or was inadequate for analysis, the left
eye was chosen.

Fig. 1 Measurement of subfoveal choroidal thickness (CT) and
peripapillary CT. (a) Subfoveal CTwas measured perpendicularly at the
fovea from the Bruch’s membrane to the chorioretinal interface. (b)
Peripapillary CTwas calculated via retinal nerve fiber layer (RNFL) scan
around the optic disc. Retinal thicknesses (RT) between the internal lim-
iting membrane and retinal pigment epithelium RPE) at all 12 sectors
around the optic disc were obtained. (c) Using the software modification
tool, the segmentation line indicating the RPE was moved to the

chorioscleral junction. Then, the chorioretinal thickness at all 12 sectors
was obtained. Peripapillary CTat each sector was obtained by subtracting
the RT from chorioretinal thickness. Each sector was numbered clockwise
from 1 to 12 o’clock, in the right eye and counter clockwise in the left eye.
The 9 o’clock sector in both eyes corresponded to the temporal
peripapillary area. Nasal and temporal peripapillary choroids were de-
fined from sectors 1 to 5 and from sectors 7 to 11, respectively
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Results

Fifty-four eyes of 54 patients with neovascular AMD were
included in this study. Twenty-one and 33 patients received
intravitreal injections of aflibercept and ranibizumab, respec-
tively. The mean age of the aflibercept group was 72.1±8.1
and did not differ significantly from that of the ranibizumab
group (70.0±7.4, p=0.331). The aflibercept group consisted
of 11 males and 10 females, and the ranibizumab group
consisted of 15 males and 18 females. There was no statisti-
cally significant difference in group composition (p=0.414).
The ranibizumab group included 18 patients with hyperten-
sion (54.5 %) and seven patients (26.9 %) with diabetes. The
aflibercept group included 13 patients with hypertension
(61.9 %) and four patients (23.5 %) with diabetes. There were
no differences in the prevalence of hypertension or diabetes
between the two groups (p=0.778 and p=1.000, respective-
ly). Neovascular lesions were identified in 19 eyes with type 2
lesions and two eyes with type 3 lesions in the aflibercept
group and 30 eyes with type 2 lesions and three eyes with type
3 lesions in the ranibizumab group. There were no differences
in composition between the two groups (p=1.000). The mean
BCVA (LogMAR) of the aflibercept and ranibizumab groups
was 0.41±0.29 and 0.66±0.37 at baseline, respectively, and
the mean BCVA of the aflibercept group was significantly
better than that of the ranibizumab group (p=0.017). The
mean BCVA (LogMAR) of the aflibercept and ranibizumab
groups improved to 0.23±0.22 and 0.49±0.39, respectively,
after three monthly intravitreal injections (p= 0.001 and
p=0.004, respectively). The median disease duration of the
aflibercept group (median, 30 days, interquartile range, 10 to
150 days) did not vary significantly from that of ranibizumab
group (median, 30 days; interquartile range, 14.5 to 90 days,
p=0.924).

Subfoveal choroidal thickness after intravitreal
aflibercept and ranibizumab injections

The mean subfoveal CTs of the aflibercept and ranibizumab
groups were 232.2 ± 94.4 μm and 231.5 ± 102.9 μm, re-
spectively, at baseline, and they were not significantly dif-
ferent (p= 0.981). After three monthly doses, the subfoveal
CT of the aflibercept group decreased to 207.1 ± 89.3 μm
(p< 0.001), and that of the ranibizumab group decreased to
220.0 ± 98.0 μm (p= 0.006) (Fig. 2) (Additional data for the
results on changes in CT are given in Online Resource 1).
The decrease in both the amount and proportion of
subfoveal CT was greater in the aflibercept group than in
the ranibizumab group (Table 1). Changes in subfoveal CT
after intravitreal injection in the two groups did not vary
according to the presence of hypertension and diabetes
(all p> 0.05).

Peripapillary choroidal thickness after intravitreal
aflibercept and ranibizumab injections

The mean peripapillary CTs of the aflibercept and
ranibizumab groups at baseline were 157.2 ± 62.2 μm and
154.9±46.5 μm, respectively, and they were not significantly
different (p = 0.883). The mean nasal and temporal
peripapillary CTs of the aflibercept group were 152.4
±59.4 μm and 168.6±69.4 μm, respectively, and they were
not significantly different from those of the ranibizumab
group (150.4 ± 44.1 μm 165.3 ± 53.0 μm, p = 0.895 and
p=0.850, respectively). After three monthly intravitreal injec-
tions, the mean peripapillary CT of the aflibercept group de-
creased to 147.4 ± 62.2 μm (p < 0.001), and that of the
ranibizumab group decreased to 152.3±50.0 μm. However,
the change in the ranibizumab group was not statistically sig-
nificant (p=0.123) (Fig. 2) (Additional data for the results on
changes in CT are given in Online Resource 1). The decrease
in both the amount and proportion of mean peripapillary CT in
the aflibercept group was greater than in the ranibizumab
group (Table 1). Changes in mean peripapillary CT after in-
travitreal injection did not vary according to the presence of
hypertension or diabetes in either group (all p>0.05).

The mean nasal and temporal peripapillary CTs of the
aflibercept group at baseline decreased to 144.0±60.6 μm
and 157.1±67.9 μm, respectively, after treatment (p=0.002
and p<0.001, respectively). In addition, the mean nasal and
temporal peripapillary CTs of the ranibizumab group at base-
line also decreased to 149.7±48.3 μm and 161.1±55.4 μm,
respectively, after treatment; however, these changes were not

Fig. 2 Changes in subfoveal choroidal thickness and peripapillary
choroidal thickness before and after intravitreal aflibercept and
ranibizumab injections. (a) The aflibercept group showed decreased CT
at both the subfoveal and peripapillary areas. (b) The ranibizumab group
showed decreased CT at the subfovea, but no statistically significant
changes in peripapillary areas were observed
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statistically significant (p=0.660 and p=0.066, respectively)
(Fig. 2) (Additional data for the results on changes in CT are
given in Online Resource 1). The decrease in both the amount
and proportion of mean nasal peripapillary CT in the
aflibercept group was greater than in the ranibizumab group
(p=0.011 and p=0.021, respectively) (Table 1).

All sectors of peripapillary CT decreased in the aflibercept
group (all, p<0.05), but peripapillary CT decreased only at 8
and 9 o’clock in the ranibizumab group (p = 0.037 and
p= 0.038, respectively) (Fig. 3) (Additional data for the
results on changes in peripapillary CT are given in Online
Resource 2). Representative cases are shown in Figs. 4 and 5.

Interobserver reliability

Intraclass correlation coefficients were analyzed to assess in-
terobserver reliability (Additional data for the results on
interobserver reliability measurements are given in Online
Resource 3). The intraclass correlation coefficients ranged
from 0.911 to 0.981 with good agreement.

Discussion

In this study, we demonstrated that subfoveal CT decreased in
eyes with neovascular AMD after intravitreal aflibercept or
ranibizumab injections. However, mean peripapillary CT and
nasal peripapillary CT, which is the choroid outside of the
macula, only decreased in the aflibercept group. To our
knowledge, changes in CT outside of the macula following
intravitreal injections of anti-VEGF drugs have not been
reported.

Subfoveal CT decreased in both the aflibercept and
ranibizumab groups. The aflibercept group showed a greater
decrease in both the amount and proportion of CT after treat-
ment than the ranibizumab group. Some previous studies re-
ported subfoveal CT changes after intravitreal injection of

Table 1 Comparison of
choroidal thickness changes in the
aflibercept and ranibizumab
groups

Aflibercept-treated
group (n= 21)

Ranibizumab-treated
group (n= 33)

p*

Subfoveal CT change

(μm) 25.1 ± 18.3 11.6 ± 22.6 0.024

(%) 12.1 ± 8.7 5.4 ± 10.1 0.016

Mean peripapillary CT change

(μm) 9.7 ± 8.9 2.6 ± 9.3 0.010

(%) 7.0 ± 6.7 2.3 ± 5.9 0.012

Nasal peripapillary CT change

(μm) 8.4 ± 10.0 0.8 ± 9.8 0.011

(%) 6.4 ± 9.0 1.1 ± 6.6 0.021

Temporal peripapillary CT change

(μm) 11.5 ± 11.0 4.2 ± 12.6 0.038

(%) 7.3 ± 6.5 3.0 ± 7.1 0.035

Continuous variables are expressed as the mean± standard deviation.

*Comparison of parameters between the aflibercept and ranibizumab groups, p value was based on independent
t-test.

CT, choroidal thickness

Fig. 3 Changes in peripapillary choroidal thickness (CT) at each sector.
(a) Peripapillary CT at all sectors decreased significantly after three
monthly injections of aflibercept. (b) Nasal peripapillary CT did not
change after three monthly injections of ranibizumab, while the 8 and 9
o’clock areas decreased in thickness. *p< 0.05 with paired t-test
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aflibercept or ranibizumab in eyes with neovascular AMD, and
this treatment using anti-VEGF drugs was suggested to affect
not only on the CNV, but also the underlying choroid [16–19].
According to the studies of Yamazaki and Koizumi, the mean
subfoveal CT after three monthly injections of ranibizumab or
aflibercept decreased about 18 μm (7.4 %) and 34.1 μm
(13.5 %), respectively, when compared to the baseline CT
[17, 19]. Subfoveal CT decreased by a greater amount after
treatment with aflibercept compared to ranibizumab. In addi-
tion, Hata et al. compared the change in CT after ranibizumab
and aflibercept treatments, and they also reported that
aflibercept-treated eyes showed a greater decrease in subfoveal
CT (25.1±25.6 μm) than the ranibizumab-treated eyes (5.2
±16.3 μm) [16]. In the current study, the subfoveal CT of the
aflibercept group decreased by 25.1 μm and 12.1 %, while the
subfoveal CT of the ranibizumab group decreased by 11.6 μm
and 5.4 %. These results were similar to those of previous
studies, and it seems that aflibercept had a greater effect on
subfoveal CT than ranibizumab.

Unlike subfoveal CT, peripapillary CT showed different
changes according to the treatment drug. After three monthly

doses, the aflibercept group showed a significantly decreased
mean peripapillary CT, while the ranibizumab group did not.
On subanalysis, nasal peripapillary CT decreased significantly
in the aflibercept group, but the ranibizumab group did not
show any changes in nasal peripapillary CT. Temporal
peripapillary CTalso showed a similar tendency. The aflibercet
group showed a significant decrease in temporal peripapillary
CT, but the ranibizumab group did not. The ranibizumab group
also showed a slight decreasing trend in temporal peripapillary
CT with borderline statistical significance. This might be be-
cause the temporal peripapillary choroid is located near the
fovea, and it might also undergo choroidal change with the
macular choroid after treatment with anti-VEGF drugs.
Subanalysis of peripapillary CT also revealed these patterns.
The aflibercept group showed decreased peripapillary CT in
all 12 sectors, while the ranibizumab group showed decreased
peripapillary CTonly at the 8 and 9 o’clock sectors. This might
suggest that aflibercept affects not only the macular choroid,
but also the choroid outside of the macula.

Previous studies suggest that CT changes might be associ-
ated with the decreased permeability of the choroid or with the

Fig. 4 Representative case of a 67-year-old female patient with
neovascular AMD treated with aflibercept. (a and b) Subfoveal choroidal
thickness (CT) at baseline was 184 μm and decreased to 153 μm after
three monthly injections. (c and d) Mean peripapillary CTat baseline was
200μmand decreased to 180μmafter treatment. T, temporal; S, superior;
I, inferior; N, nasal

Fig. 5 Representative case of a 74-year-old female patient with
neovascular AMD treated with ranibizumab. (a and b) Subfoveal choroi-
dal thickness (CT) at baseline was 222 μm and decreased to 207 μm after
three monthly injections. (c and d) Mean peripapillary CTat baseline was
170 μm and 164 μm at three months. T, temporal; S, superior; I, inferior;
N, nasal
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vasoconstrictive effect of anti-VEGF drugs [17, 19]. This
might be a common effect of both drugs on the macular cho-
roid. However, results of nasal peripapillary CT in this study,
which is outside of the macula, were different between the two
groups. These differing results might come from the different
characteristics of the two drugs. Ranibizumab works by
blocking the receptor-binding domain of all isoforms of
VEGF-A, while aflibercept binds to all VEGF-A isoforms,
VEGF-B and placental growth factor (PlGF) [3, 36]. Addi-
tionally, aflibercept is known to have a higher affinity for
VEGF, a longer half-life and a greater lowering effect on sys-
temic VEGF than ranibizumab [6, 7, 36, 37]. VEGF is asso-
ciated with vascular hyperpermeability and exudates from
CNV in pathologic conditions [5, 6, 38]. Eyes with
neovascular AMD have increased intraocular VEGF levels,
and increased VEGF might affect the overall choroid [39,
40]. Intravitreally injected anti-VEGF drugs might block the
effect of VEGF and decrease the overall choroidal
hyperpermeability. However, due to the high affinity and lon-
ger half-life of aflibercept, it can block various members of the
VEGF family efficiently [6, 7, 36, 37]. This might result in
different patterns of changes in CTafter treatment between the
two groups. In addition, the differing results of this study
might come from the vasoconstrictive effect of anti-VEGF
drugs [41, 42]. The vasoconstrictive effect of both drugs re-
mains controversial, and the potency of this effect has not yet
been investigated. Considering results of studies that have
reported VEGF to be a potent vasodilator in vascular beds,
the drugs’ different blocking effects and half-lives might have
affected the results [41, 42].

Different effects of two drugs on the choroidal tissue might
affect the results. In addition to the previously mentioned ef-
fects of VEGF, VEGF plays a physiologic role in maintaining
choriocapillaries, which allows for vasodilation and survival
of vascular endothelial cells [11, 40]. Considering the physi-
ologic role of VEGF, aflibercept, which have higher affinity to
various kinds of VEGF and a longer half-life, could also have
a greater effect on the underlying choroid [6, 7, 36, 37]. Re-
garding the effect of anti-VEGF agents on the choroid, a re-
cent experimental study investigated the effects of
ranibizumab and aflibercept on the choroid of monkey eyes
and showed different results between the two drugs [12]. It
reported that stasis and hemolysis of the choriocapillaris and
choroidal vessels were more frequently found after aflibercept
treatment compared with ranibizumab treatment. In addition,
the reduction in endothelium thickness, the number of fenes-
trations and the areas of hemolysis were more pronounced in
choriocapillaries after aflibercept treatment [12]. It was sug-
gested that these different effects on the choroid might result
from the structure of aflibercept, which has a fragmented
crystallizable region that ranibizumab lacks [12].

However, the clinical significance of the results of the cur-
rent study remains limited because the long-term effect of

decreased CT on the disease prognosis after anti-VEGF treat-
ments has not been elucidated. Also, from a clinical point of
view, both aflibercept and ranibizumab treatments clearly im-
prove visual acuity and exudative retinal changes in eyes with
neovascular AMD [2, 4, 5]. Aflibercept can be effective in
cases of neovascular AMD that are resistant to ranibizumab
therapy [43, 44]. In addition, a previous study reported that
aflibercept had a good therapeutic effect in neovascular AMD
eyes both with and without choroidal hyperpermeability,
while ranibizumab was less effective in eyes with choroidal
vascular hyperpermeability [16]. In that study, the aflibercept-
treated group showed greater changes in CT and pigment ep-
ithelial detachment than the ranibizumab-treated group [16].
This suggest that aflibercept might be beneficial even given its
effect on the choroid.

It remains unclear whether the greater decrease in CT ob-
served in eyes treated with aflibercept compared to those treat-
ed with ranibizumab is associated with disease prognosis in
this study. However, it was recently reported that macular CT
in eyes with neovascular AMD decreased after intravitreal
injection of ranibizumab, and this decrease was thought to
be associated with decreased choroidal exudation from cho-
roidal hyperpermeability [45]. Greater reductions in CT after
treatment were associated with visual acuity gains, while in-
creased CT in eyes with neovascular AMD was suggested to
reflect choroidal hyperpermeability [45]. Thus, increased CT
in eyes with AMDmight reflect disease activity, and CTcould
be a useful diagnostic tool for identifying eyes that would
benefit from aggressive therapy. However, because the rela-
tionship between decreased CT in eyes with neovascular
AMD and long-term visual prognosis and recurrence remains
unclear, further studies are needed to elucidate the role of CT
in eyes with AMD.

RPE or geographic atrophy may develop in eyes with
neovascular AMD and anti-VEGF treatment has been sug-
gested to cause development or exacerbation of RPE and geo-
graphic atrophy [46–48]. Because ranibizumab and
aflibercept have different characteristics and these drugs might
have different effects on the choroid, the incidence of RPE and
geographic atrophy may vary based on anti-VEGF drug type
[4, 6, 7, 12]. In addition, types of neovascular AMD had been
reported to be associated with the development of geographic
atrophy. Type 1 neovascularization, which is associated with
thicker choroid than types 2 or 3, has a lower geographic
atrophy incidence than types 2 and 3 [29, 49]. In eyes with
type 3 neovascularization (retinal angiomatous proliferation)
with thinner choroid than typical neovascular AMD, the inci-
dence of geographic atrophy was reportedly higher than that
of typical neovascular AMD; thinner choroid was therefore
reported to be a risk factor for geographic atrophy after anti-
VEGF therapy [50]. Thus, greater changes in subfoveal and
peripapillary CT from aflibercept treatment might not be ben-
eficial in neovascular AMD with thin choroid. However,
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because this study was a short-term follow-up study with three
monthly injections, we cannot draw conclusions on this topic.
It might be necessary to decide the proper limit of CT that we
need to apply careful intravitreal injections considering the
balance of risk and benefits according to the kinds of anti-
VEGF drugs and proper treatment regimen. Further long-
term follow-up studies will be needed to elucidate the role of
CT and to compare the potential risks and benefits of the two
drugs.

In this study, it is unclear whether the decreased subfoveal
or peripapillary CT observed after intravitreal injection is
within the physiologically normal range of CT. Because we
could not evaluate age-matched controls, we could not draw
further conclusions. However, previous studies have reported
normal subfoveal CT in older Asian persons with a mean age
over 50 years to be from 209.2 to 253.8 μm [51–53]. In our
previous study, mean subfoveal CT of normal controls with a
mean age of 59.75 was 241.97±66.37 μm [53]. In another
study, normal peripapillary CT in older Asian persons with a
mean age of over 50 years was from 135.59 to 165.03 μm [35,
54, 55]. It seems that, in the current study, subfoveal and mean
peripapillary CT in both groups before and after intravitreal
injection were similar to the previously reported range. How-
ever, because CT can vary according to age, sex, refractive
error, type of OCT, and other factors, direct comparison of
these CT values may not be appropriate [35, 52, 55, 56].
Further studies with age-matched normal controls are needed
to determine the normal range of subfoveal and peripapillary
CT, and whether the CT changes observed in this study fall
within the physiologically normal range.

This study has several limitations. First, this study has a
retrospective design with a small number of cases and a short-
term follow-up period. Thus, it is not clear whether the ob-
served differences are transient or long-term. Further prospec-
tive studies with long-term follow-up are needed to elucidate
this matter. In addition, differences in baseline BCVA, which
might be indicative of longer disease duration, could affect the
results of this study. However, there were no differences in
disease duration between the two groups. Second, because
there was a lack of software with automated analysis, the
measurements were performed manually by two examiners.
Measurement errors may exist despite good interobserver re-
liability between the two examiners. Third, because of its ret-
rospective design, we could not measure CT at multiple areas.
The nasal peripapillary choroid only represents part of the
choroid outside of the macula, and it does not sufficiently
represent all choroid outside of the macula. The measurement
of nasal choroid, which is far from the optic disc might pro-
vide stronger conclusion. Recently, swept-source OCT (SS-
OCT) with the advantages of longer wavelength, deeper pen-
etration, visualization of the entire choroid, wide scan range
and provision of topographic information was introduced [45,
57]. Thus, studies using SS-OCTmight provide more accurate

results about changes in CT after intravitreal injection of anti-
VEGF drugs when it compared with SD-OCT. Fourth, this
study only included patients with age-related macular degen-
erations. Because we treat eyes with PCVusing not only anti-
VEGF drugs, but also with photodynamic therapy or direct
focal laser if needed, treatments varied according to the pa-
tients. Thus cases with PCV were excluded in this study. Fur-
ther studies about cases of PCVand other diseases with CNV
might provide further information. Fifth, because of the retro-
spective study design, we could not analyze the diurnal vari-
ation in CT. Sixth, because bevacizumab is an off-label drug in
South Korea, we could not investigate the effects of
bevacizumab on CT in treatment-naïve neovascular AMD pa-
tients. Further studies including cases treated with
bevacizumab will be needed to elucidate the effects of various
anti-VEGF drugs on CT.

In conclusion, CT of the macula and outside of the macula
decreased significantly in eyes with neovascular AMD after
three months of aflibercept treatment, while only macular CT
showed significant changes after ranibizumab treatment. Fur-
ther studies with prospective design, large numbers and long-
term follow-up will be needed to elucidate the long-term effect
of anti-VEGF drugs on the choroid and disease prognosis.
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