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Abstract 

Background: Macular edema is found in more than half of branch retinal vein occlusion (BRVO) cases, leading to vis‑
ual loss in most of these cases. Intravitreal injection of anti‑vascular endothelial growth factor is currently the standard 
treatment for macular edema due to BRVO (BRVO‑ME). The difference in the effects of aflibercept and ranibizumab on 
the choroid in BRVO‑ME is unknown. Therefore, we analyzed the effects of intravitreal injection of ranibizumab and 
aflibercept on BRVO‑ME.

Methods: We retrospectively observed changes in choroidal thickness in the subfoveal region in 36 patients with 
BRVO‑ME who visited the Department of Ophthalmology at the Juntendo University Urayasu Hospital. The patients 
were treated with intravitreal injection of aflibercept or ranibizumab and followed up for 12 months or more.

Results: The observed point bifurcated into the affected and non‑affected sides 500 μm from the fovea. The cen‑
tral macular thickness (CMT) and subfoveal choroidal thickness (SFCT) were 564.2 ± 268.5 μm and 228.8 ± 50.1 μm, 
respectively, in the ranibizumab group (16 patients, 16 eyes) and 542.4 ± 172.5 μm and 246.1 ± 59.1 μm, respec‑
tively, in the aflibercept group (20 patients, 20 eyes). The changes in CMT at 12 months were 324.0 ± 262.6 μm and 
326.55 ± 187.2 μm in the ranibizumab and aflibercept groups, respectively, with no significant difference (p = 0.97). 
Similarly, the changes in SFCT over 12 months were not significant between the groups (ranibizumab, 41.9 ± 33.0 μm; 
aflibercept, 43.8 ± 43.8 μm, p = 0.89).

Conclusion: The effects of ranibizumab and aflibercept on choroidal thickness in BRVO‑ME were the same regardless 
of the site. Although BRVO is a retinal disease, we hope that we can further explore the mechanism of BRVO‑ME by 
observing changes in the choroid in the future.
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Background
Branch retinal vein occlusion (BRVO) is a condition in 
which retinal hemorrhage occurs due to obstruction of 
the retinal vein. BRVO often occurs at the arteriovenous 

crossroads. Since the retinal arteries and veins have an 
adventitia at the intersection, arteriosclerotic changes 
compress the retinal veins and cause stenosis of the 
lumen. As a result, it is considered that a thrombus is 
formed due to impaired blood flow and causes venous 
obstruction. Venous occlusion increases venous return 
pressure, and macular edema occurs due to leakage 
into the retina from the foveal capillary and vascular 
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permeability. Macular edema is found in more than half 
of BRVO cases and is the most important cause of visual 
loss due to BRVO [1]. Intravitreal injection of anti-vas-
cular endothelial growth factor (VEGF) is currently the 
standard treatment for macular edema due to BRVO 
(BRVO-ME). A BRVO study reported an increase in 
visual acuity in patients with corrected visual acuity of 
0.5 or less after monthly administration of ranibizumab 
for 6 months and a decrease in mean central macular 
thickness (CMT), and administration as needed (PRN) 
improved visual acuity even after 6 to 12 months [2]. The 
HORIZON trial reported a sustained improvement in 
visual acuity even 24 months after the administration of 
ranibizumab [3]. In addition, Sakanishi et al. [4] admin-
istered an intravitreal injection of ranibizumab (IVR) for 
BRVO and central retinal vein occlusion (CRVO) with 
macular edema and reported an improvement of visual 
acuity and foveal retinal thickness after drug adminis-
tration. These studies showed that intravitreal injection 
of anti-VEGF drugs led to long-term improvements in 
visual acuity, and the dose efficacy increased with time 
[1–4]. Intravitreal injection of anti-VEGF drugs has 
become the standard treatment for retinal diseases such 
as age-related macular degeneration (AMD) and BRVO-
ME [5, 6]. However, effects on the choroid have also been 
reported [7–10]. Tsuiki et al. reported that a single dose 
of ranibizumab in 36 eyes with BRVO-ME and CRVO 
significantly reduced the mean foveal vein thickness [7]. 
Additionally, a reduction in choroidal thickness (CT) fol-
lowing IVR or intravitreal injection of aflibercept (IVA) 
for AMD has been reported [8–10]. In AMD, the degree 
of influence on CT depends on the type of anti-VEGF 
drug. Koizumi et  al. [9] reported that when aflibercept 
and ranibizumab were administered to AMD patients 3 
times in 3 months, the rate of reduction in mean subfo-
veal CT (SFCT) was significantly greater in the afliber-
cept group. In addition, CT was significantly decreased 
in eyes with reticular pseudodrusen (RPD) compared 
to healthy eyes and those with drusen. Therefore, RPD 
seems to be a consequence of an alteration in the cho-
roidal vascularity, resulting in severe ischemia and exces-
sive hypoxia and inducing a greater risk of late AMD 
than that seen in healthy eyes and those with drusen [10]. 
However, the difference in the effects of aflibercept and 
ranibizumab on the choroid in BRVO-ME is unknown. 
Therefore, we analyzed the effects of IVR and IVA on the 
choroid in BRVO-ME patients.

Methods
Among the untreated BRVO-ME cases who visited the 
Department of Ophthalmology at Juntendo University 
Urayasu Hospital in the last 5 years, we selected those 
who were treated with IVA or IVR in the acute phase 

within 6 months after disease onset and could be fol-
lowed up for 12 months or more. IVA cases were chosen 
in the first half of the observation period, and IVR cases 
were chosen in the second half of the period. Addition-
ally, we excluded cases in which the injected drugs were 
switched or retinal photocoagulation (PC) and grid PC 
were performed on the avascular field. We performed a 
medical examination a week after the first dose of IVR 
or IVA. The first administration was performed, and re-
administration was performed PRN at monthly consulta-
tions. The initial doses of IVA and IVR were 2.0 mg and 
0.5  mg, respectively, with a similar PRN dose. The re-
administration standard was prolonged CMT or recur-
rence beyond 300 μm. CT changes were not included in 
the criteria. Optical coherence tomography (Cirrus HD; 
Carl Zeiss Meditec, Jena, Germany) was used to measure 
retinal thickness and CT; the 5-line HD mode was used 
to measure CMT, and the 5-line HD enhanced depth 
imaging mode was used to measure CT. We used one of 
the 5 lines, which is most suitable for measuring CMT 
or SFCT. The reticulum thickness was defined as the dis-
tance from the surface of the inner limiting membrane 
to the inner line of the retinal pigment epithelium, and 
CT was defined as the distance from the outer line of the 
retinal pigment epithelium to the transition to the sclera 
[11]. Furthermore, visual acuity was measured by a deci-
mal visual acuity meter with a 5-m Landolt ring, which 
was converted into logMAR. CMT, SFCT, and CT on the 
affected and non-affected sides were measured at 500 μm 
in the longitudinal direction from the fovea (Fig. 1). All 
cases were measured between 14:00 and 16:00 to rule 
out the effects of diurnal variation. Based on the medical 
records, the amount of change in retinal thickness and 
CT between the two drug-treated groups were retrospec-
tively compared and examined. Additionally, the correla-
tion between the amount of change in retinal thickness 
and CT was examined for each drug.

This study was approved by the Ethics Committee of 
Juntendo University of Urayasu Hospital and conducted 
in accordance with the Declaration of Helsinki in 2013. 
We also obtained informed consent. Statistical studies 
were conducted using SPSS 26 for Mac statistical soft-
ware (IBM, Armonk, NY). The Mann–Whitney U test 
was used to compare continuous variables, and Fisher’s 
exact test was used to compares multi-variable entities. 
Pearson’s product-moment correlation was used to ana-
lyze the correlation between retinal thickness and CT. 
Statistical significance was established at p < 0.05.

Results
We analyzed 16 eyes from 16 patients in the IVR group 
and 20 eyes from 20 patients in the IVA group. The 
case background of each group is shown in Table 1. The 
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average age of patients with IVR was 67.8 ± 9.9 years, and 
that of those with IVA was 70.0 ± 7.1 years. There were 
8 males and 8 females with IVR, and 10 males and 10 
females in IVA cases. The average pre-injection vision 
acuity (logMAR) of IVR cases was 0.53 ± 0.34, and that 
of IVA cases was 0.40 ± 0.22. The average pre-injection 
CMT of IVR cases was 564.2 ± 268.5 μm, and that of IVA 
cases was 542.4 ± 172.5  μm. The average pre-injection 
SFCT of IVR cases was 228.8 ± 50.1 μm, and that of IVA 
cases was 246.1 ± 59.1 μm. There were no significant dif-
ferences between the two groups among all variables. The 
average number of injections in the IVR and IVA groups 
were 2.5 ± 1.7 and 2.1 ± 1.1, respectively.

The change in CMT at 12 months post-treatment was 
324.0 ± 262.6 μm in the IVR group and 326.6 ± 187.2 μm 
in the IVA group (Fig.  2), with no significant differ-
ence (p = 0.97). The change in SFCT at 12 months post-
treatment was 41.9 ± 33.0  μm in the IVR group and 
43.8 ± 43.8  μm in the IVA group (Fig.  3), with no sig-
nificant difference (p = 0.89). There were no significant 
differences in any variable at any post-treatment dura-
tion. No correlation was found between the amount 

of change in CMT and SFCT in either group at 1, 2, 3, 
6, or 12 months (Figs.  4 and 5; CMT, correlation coeffi-
cient = 0.24, p = 0.23; SFCT, correlation coefficient = 0.22, 
p = 0.21, respectively). The level of change in CT on the 
affected side was 43.1 ± 35.0  μm in the IVR group and 
48.0 ± 41.6  μm in the IVA group, and that on the non-
affected side was 34.0 ± 36.2  μm in the IVR group and 
33.2 ± 45.1  μm in the IVA group (Figs.  6 and 7). There 
were no significant differences between the two groups 
in either side (p = 0.73 and p = 0.95, respectively). As 
a result, there was no difference in the change in CT 
between the two drug-treated groups at any of the sites.

Discussion
In this study, we found no significant differences in the 
change in CT between IVR- and IVA-treated BRVO-ME 
patients. It has been reported that the SFCT in eyes with 
BRVO becomes significantly thicker than in healthy eyes 
[13], which is thought to be caused by increased choroi-
dal vascular permeability due to increased intraocular 
VEGF concentration [7]. Furthermore, a higher VEGF 
concentration has been reported to promote nitric oxide 

Fig. 1   The measurement position of this study. Central macular thickness (CMT), subfoveal choroidal thickness (SFCT), and choroidal thickness 
(CT) on the affected and non‑affected sides were measured at a distance of 500 μm in the longitudinal direction from the fovea. A Overall view of 
the major branch retinal vein occlusion. B Magnified image of the macula

Table 1 Characteristics of the ranibizumab and aflibercept groups

IVR intravitreal injection of ranibizumab, IVA intravitreal injection of aflibercept, logMAR logarithm of the minimum angle, CMT central macular thickness, 
SFCT subfoveal choroidal thickness.

IVR (16 cases, 16 eyes) IVA (20 cases, 20 eyes) P-value

Age (years) 67.8 ± 9.9 70.0 ± 7.1 0.50

Sex (male/female) 8/8 10/10 0.79

Pre‑injection visual acuity (logMAR) 0.53 ± 0.34 0.40 ± 0.22 0.64

Duration from onset (months) 2.0 ± 1.4 2.0 ± 1.6 0.50

Pre‑injection CMT (µm) 564.2 ± 268.5 542.4 ± 172.5 0.97

Pre‑injection SFCT (µm) 228.8 ± 50.1 246.1 ± 59.1 0.27

Major/Macula 10/6 16/4 0.32

Hypertension presence/absence 10/6 7/13 0.31
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production, increasing CT [14]. It is also known that 
CT changes after anti-VEGF treatment. A single admin-
istration of ranibizumab to BRVO-ME patients and 
macular edema patients with CRVO has been known 
to significantly reduce average SFCT [7]. In the present 
study, the CT in BRVO-ME showed a similar decrease. 
With respect to the comparison between two anti-VEGF 
treatments for BRVO-ME, a prospective study compar-
ing the effects of ranibizumab and aflibercept on CRVO 

reported no significant difference in visual acuity or 
change in CMT between the two groups [15]. Addition-
ally, no differences were found in visual acuity or CMT 
with either drug in non-ischemic BRVO [16]. These 
reports compared the CMT in BRVO between ranibi-
zumab and aflibercept but did not describe the difference 
in CT. However, in AMD, Koizumi et  al. [9] reported a 
significant reduction in mean SFCT in the aflibercept-
treated group when aflibercept and ranibizumab were 

Fig. 2   Change in CMT in the IVR and IVA groups. There was no significant change in CMT at 12 months post‑treatment in the IVR group or in the 
IVA group (p = 0.53). CMT, central macular thickness; IVR, intravitreal injection of ranibizumab; IVA, intravitreal injection of aflibercept

Fig. 3   Change in SFCT in the IVR and IVA groups. There was no significant change in SFCT at 12 months post‑treatment in the IVR group or in the 
IVA group (p = 0.37). SFCT, subfoveal choroidal thickness; IVR, intravitreal injection of ranibizumab; IVA, intravitreal injection of aflibercept
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continuously administered for 3 months each. Similarly, 
Kaya [17] reported that IVR and IVA treatment for AMD 
reduced CT, and the reduction rate was significantly 
greater in IVA-treated patients. In other words, while 

IVR and IVA differ in their rates of decrease in SFCT in 
AMD, they do not differ in BRVO, as our results show. 
This is because the main pathological condition in 
AMD is in the choroid, while it is in the retina in BRVO. 

Fig. 4   Relationship between the amount of change in CMT and SFCT in the IVR group. No correlation was found between the amount of change 
in CMT and SFCT in the IVR group (correlation coefficient = 0.24, p = 0.23, respectively). CMT, central macular thickness; SFCT, subfoveal choroidal 
thickness; IVR, intravitreal injection of ranibizumab

Fig. 5   Relationship between the amount of change in CMT and SFCT in the IVA group. No correlation was found between the amount of change 
in CMT and SFCT in the IVA group (correlation coefficient = 0.22, p = 0.21, respectively). CMT, central macular thickness; SFCT, subfoveal choroidal 
thickness; IVA, intravitreal injection of aflibercept
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Compared to ranibizumab, aflibercept is known to have 
a higher degree of invasion in the choroid, and this dif-
ference causes variable effects on the choroid in AMD. 
However, in BRVO, the choroidal changes are second-
ary, caused by the increased expression of VEGF from the 
retina, and there is no difference in the depth of invasion 
of the retina, which is the main pathological condition. 
As a result, we found no significant difference in CT in 
our study. Additionally, as reported by Koizumi et al. [9] 
and Kaya [17], the drugs were injected three times dur-
ing the introductory period. However, in our study, only 

one injection was administered during the introductory 
period. It is possible that differences between drug effi-
cacies become apparent with multiple consecutive injec-
tions. However, in clinical practice in Japan, a single drug 
administration is performed during the introductory 
period. A multiple-administration introduction period is 
not suitable for actual clinical practice; therefore, in this 
study, we chose the single-dose regimen during the intro-
ductory period [18, 19].

This study was limited in that it was a single-insti-
tution retrospective study with a small number of 

Fig. 6   The level of change in CT on the non‑affected side in the IVR and IVA groups. There were no significant differences between the two groups 
(p = 0.73). CT, choroidal thickness; IVR, intravitreal injection of ranibizumab; IVA, intravitreal injection of aflibercept

Fig. 7   The level of change in CT on the affected side in the IVR and IVA groups. There were no significant differences between the two groups 
(p = 0.95). CT, choroidal thickness; IVR, intravitreal injection of ranibizumab; IVA, intravitreal injection of aflibercept
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patients. Therefore, to confirm our results, a retrospec-
tive study involving multiple institutions and a large 
number of patients is warranted. In addition, we previously 
reported choroidal thinning after thickening (re-thinning) 
during recurrence and re-injection after first IVA for 
BRVO in the fovea centralis in both the affected and 
non-affected sides [20]. It has been shown that there 
is a close relationship between changes in CT and 
the timing of recurrence of macular edema. Although 
BRVO is a retinal disease, we can look at it from a new 
perspective by observing the changes in the choroid.

Conclusion
In conclusion, we found that the effects of IVR and IVA 
treatment on CT in BRVO-ME patients were the same 
at all sites. Although BRVO is a retinal disease, we can 
identify and observe the choroidal changes, thereby 
hoping to explore the mechanism of BRVO-ME. We 
hope that this different point of view can prevent many 
complications in BRVO patients and improve their 
quality of life in the future.
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