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Purpose: To compare the therapeutic effects of anti-vascular endothelial growth factor (anti-VEGF) agents in eyes with macular
edema associated with branch retinal vein occlusion (BRVO-ME) with glaucoma to those without glaucoma.

Patients and Methods: This retrospective study was conducted using the medical records of Mie University Hospital from 2013 to
2017. Patients were recruited if they had received anti-VEGF agents for BRVO-ME treatment and included 30 patients (30 eyes)
without glaucoma (G[-] group) and 27 patients (27 eyes) with glaucoma (G[+] group). The central retinal thickness (CRT) and best-
corrected visual acuity (BCVA) at 3 months after a single injection of anti-VEGF agents were compared between the two groups.
Results: Before treatment, the meantstandard deviation of the CRT was 514.2+117.3 um for the G[-] group, which was not
significantly different from that for the G[+] group (533.4+171.4 um). The CRT in the G[-] and G[+] groups significantly reduced
to 321.1£114.6 um and 347.8£134.7 um, respectively, at 1 month after the injection and to 360.4+159.5 um and 352.4+151.9 um,
respectively, at 3 months after the injection (P<0.01 for each group). The difference in the degree of CRT reduction between the two
groups was not significant. Before treatment, the BCVA was 0.42+0.32 logMAR units in the G[-] group and 0.57+0.33 logMAR units
in the G[+] group, showing no significant difference. The BCVA in the G[-] and G[+] groups improved significantly to 0.27+0.26
logMAR units and 0.34+0.42 logMAR units, respectively, at 1 month, and to 0.18+0.20 logMAR units and 0.39+0.34 logMAR units,
respectively, at 3 months (P<0.01). The BCVA in the G[-] group was significantly better than that in the G[+] group at 3 months
(P=0.02).

Conclusion: The therapeutic response of anti-VEGF agents for BRVO-ME is affected by the presence of glaucoma.
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Introduction

Branch retinal vein occlusion (BRVO) is a relatively common retinal vascular disorder with a prevalence of 4.42/1000
individuals." Hemodynamic changes, including venous stasis, conformational damage of the vessel walls, and blood
hypercoagulability, are important signs of the pathogenesis of BRVO. Various systemic and ophthalmic risk factors are
associated with the development of BRVO. Systemic risk factors include systemic hypertension, diabetes mellitus,
hyperlipidemia, atherosclerotic-associated diseases, ischemic heart disease, and obesity. An important ophthalmic risk
factor for BRVO is glaucoma.”® And there is a possibility of a common pathological mechanism for these two

. 4
disorders.*?
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Macular edema associated with BRVO (BRVO-ME) is a major cause of vision reduction that occurs in 30% of BRVO
patients.” There are many treatment options for BRVO-ME, including grid laser photocoagulation, vitrectomy, and
administration of steroid agents. At present, anti-vascular endothelial growth factor (VEGF) treatment is the primary
treatment option for BRVO-ME.® This is because vascular occlusion induces upregulation of VEGF, which results in an
increase in vascular permeability and subsequent macular edema (ME). Many clinical studies have shown the beneficial
effects of anti-VEGF treatment in eyes with BRVO-ME by using bevacizumab (Avastin®, Genentech, San Francisco,
CA, USA), ranibizumab (Lucentis®, Genentech)’ and aflibercept (Eylea™, Regeneron Pharmaceuticals, Tarrytown, NY,
USA).® These anti-VEGF agents have well-established efficacy and safety profiles.

The most important clinical problem in anti-VEGF treatment for BRVO-ME is that it does not improve the visual
function of all patients equally. In addition, patients frequently show recurrence, necessitating repeated injections that
impose a major financial burden on the patients. We make a hypothesis that the similarities in the vascular pathological
mechanisms and structural abnormalities shared by BRVO and glaucoma can influence the effectiveness or clinical
course of anti-VEGF treatment for eyes with BRVO-ME with or without glaucoma.

Thus, the aim of this study was to compare the recovery of visual acuity and central retinal thickness after anti-VEGF
treatment in patients diagnosed with BRVO-ME with and without glaucoma.

Patients and Methods

This was a retrospective, single-center, case control study. Patients’ data were recorded in the electronic database of Mie
University Hospital. All patients were diagnosed with BRVO-ME between January 2013 and December 2017 and had
received anti-VEGF treatment. This database contains medical claims data for 377,552 individuals as defined by the
Medical Information System Development Center and mapped to the International Classification of Diseases (ICD)-10
codes with a diagnosis of BRVO (20077100), BRVO-ME (20099742), and glaucoma (20055896, 20060425, 20065219,
20066639, and 20077777). All patients were referred after the onset of BRVO-ME.

Each patient underwent a comprehensive ophthalmological examination, including measurements of the best-
corrected visual acuity (BCVA) and IOP, examination of the anterior segment by slit-lamp biomicroscopy, examination
of the fundus by indirect ophthalmoscopy, and measurement of the central retinal thickness (CRT) in spectral-domain
optical coherence tomography (SD-OCT) images.

The inclusion criteria were age >20 years, presence of BRVO-ME diagnosed by clinical findings, CRT > 300 pm in
the SD-OCT images, and BCVA > 20/320 before treatment. The exclusion criteria at the time of the initial anti-VEGF
treatment were as follows: prior ocular surgery, including cataract surgery within 6 months or during the observation
period, prior macular laser photocoagulation, and intravitreal or sub-tenon steroid injections within 3 months of the
beginning of the study. In addition, eyes with ocular inflammation, drusen, severe proliferative changes, retinal
hemorrhage that involved the fovea, presence of an epiretinal membrane, prior pars plana vitrectomy, and media opacities
that would have disturbed the OCT images and significantly affected the BCVA, such as vitreous hemorrhage, vitreous
opacity, severe cataract, and corneal opacity, were excluded. Patients with uncontrolled systemic medical conditions or
a history of thromboembolic events were also excluded.

Definition of Glaucoma

Patients fulfilled the following criteria for the diagnosis of glaucoma before the onset of BRVO-ME at the referral clinic:
an open-angle, glaucomatous optic disc appearance such as diffuse or localized rim thinning, a notch in the rim, a vertical
cup-to-disc (CD) ratio >0.6 or greater by 0.2 than that of the fellow eye, and glaucomatous VF defects before the onset of
the BRVO evaluated at the referral clinic. Thus, we could not collect VF data completely from the referral clinic.

Intravitreal Anti-VEGF Injections

Intravitreal injection of the anti-VEGF agent was performed under subconjunctival or topical anesthesia. Each patient
received 0.05 mL of anti-VEGF agent intravitreally with a 30-gauge needle inserted 4 mm posterior to the corneal limbus
under sterile conditions. All patients received topical levofloxacin hydrate (1.5% Cravit Ophthalmic Solution ®) for 1
week after the injection. One of three anti-VEGF agents, bevacizumab, ranibizumab, and aflibercept, was used as the
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anti-VEGF agent. When a recurrence of BRVO-ME was identified on the basis of the OCT images or a worsening of the
vision, additional injections of the same agent were administered under a pro re nata (PRN) regimen.

Measurements of BCVA

BCVA was measured using a Landolt chart at every visit. The decimal BCVA values were converted to logarithm of the
minimum angle of resolution (logMAR) units for statistical analyses.

Optical Coherence Tomography

CRT measurements were made on the images recorded by the Heidelberg Spectralis OCT instrument (Heidelberg
Engineering Inc., Heidelberg, Germany). Because image quality is affected by media opacity, we excluded patients
with media opacity, as described above. In addition, because operator skills also affect image quality, trained orthoptists
use OCT to guarantee image quality. Finally, properly aligned scans with the best quality were chosen for analysis from
the acquired scans. For qualitative and quantitative analyses of the OCT images, the fast macular protocol was used to
obtain images with an automatic real-time mean value of 9, which acquired 25 horizontal lines consisting of 1024
A-scans/line. CRT was defined as the thickness between the two boundaries (internal limiting membrane and the highly
reflective retinal pigment epithelial line) at the fovea along each A-scan using the attached software, which automatically
detects the vitreoretinal junction as the inner retinal boundary and the chorioretinal junction as the outer retinal boundary.
This value was automatically calculated from the central retinal thickness map using the attached software.

Statistical Analyses

The results are presented as mean + standard deviation (SD) values. Kruskal-Wallis one-way analysis of variance was
used to determine the significance of the differences during the observations for each group. Mann—Whitney U-tests were
used to determine the significance of the differences between the groups. Chi-square tests were used to determine the
significance of the differences among the groups. Two-tailed P values of <0.05 were considered significant. Statistical
evaluations were performed using the Statcel 4 Statistical Program (Statcel; OMC, Saitama, Japan).

Results

Patient data were extracted from the electronic database of our hospital between January 2013 and December 2017. We
evaluated the findings for 27 BRVO-ME eyes with glaucoma (G [+] group) and 30 eyes with BRVO-ME without
glaucoma (G [-] group).

Baseline Characteristics

The clinical characteristics of the patients are summarized in Table 1. None of the patients had a mixed arteriovenous
occlusion. For the G [-] group, the average age was 69.8 + 11.1 years, BCVA was 0.42 + 0.32 logMAR units, CRT was
5142 £ 117.3 um, and intraocular pressure (IOP) was 12.7 mmHg. Five eyes received aflibercept, one received
bevacizumab, and 24 received ranibizumab. For the G [+] group, the average age was 72.0 = 10.9 years, BCVA was
0.57 + 0.33 logMAR units, CRT was 533.4 + 171.4 um, and IOP was 15.8 mmHg. Mean CD ratio was 0.76 and 13 eyes
received prostaglandin analogues for G [+] group. Three eyes received aflibercept, 10 received bevacizumab, and 14
received ranibizumab. No significant differences in baseline values were found between the two groups before anti-
VEGEF treatment. The type of anti-VEGF agent used in the two groups was significantly different, with a higher rate of
ranibizumab usage in the G [-] group (P = 0.02; Chi-square test).

Changes in BCVA and CRT During Anti-VEGF Treatment

We analyzed the changes in BCVA and CRT at 1 and 3 months after a single anti-VEGF injection. For the G [-] group, the
BCVA significantly improved to 0.27 = 0.26 logMAR units at 1 month (P = 0.0012; Kruskal-Wallis one-way analysis of
variance, Figure 1A) and to 0.18 £+ 0.20 logMAR units at 3 months after the injection (P < 0.001, Figure 1A). For the G [+]
group, the BCVA significantly improved to 0.34 + 0.42 logMAR units at 1 month (P < 0.001; Kruskal-Wallis one-way
analysis of variance, Figure 1A) and to 0.39 + 0.34 logMAR units at 3 months after the injection (P < 0.001, Figure 1A).
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Table | Baseline Characteristics of the Patients

G [-] G [+] P-value
Age (years) 69.8x11.1 72.0£10.9 0.29
N (F: M) 28 (11:17) 27 (9:18) 0.64
CRT (pm) 51421173 533.4x171.4 0.5
BCVA (logMAR) 0.42+0.32 0.57+0.33 0.12
Agent (A: B: R) 5:1:24 3:10:14 0.02*
IOP (mmHg) 12.7 15.8 0.18

Notes: Data are presented as the means * standard deviations. Mann—Whitney U-test was used to
determine the significance of the differences between the groups. Chi-square test was used to
determine the significance of differences among the groups. *P < 0.05.

Abbreviations: G [-], macular edema associated with branch retinal vein occlusion without glaucoma;
G [+], macular edema associated with branch retinal vein occlusion with glaucoma; BCVA, best
corrected visual acuity; CRT, central retinal thickness; IOP, intraocular pressure; A, aflibercept; B,
bevacizumab; R, ranibizumab.

No significant difference was observed in the BCVA between the two groups at 1 month after the injection (P = 0.37;
Mann—Whitney U-test), but the BCVA was significantly worse in the G [+] group than in the G [-] group at 3 months
after the treatment (P = 0.02, Figure 1A). No significant difference was observed with IOP (P = 0.39).

In the G [-] group, the CRT also significantly reduced to 321.1 £ 114.6 um at 1 month (P < 0.001, Figure 1B) and to
360.4 = 159.5 um at 3 months after the treatment (P < 0.001, Figure 1B). In the G [+] group, the CRT significantly
reduced to 347.8 £ 134.7 um at 1 month (P = 0.001, Figure 1B) and to 352.4 + 151.9 um at 3 months after the treatment
(P <0.001, Figure 1B). No significant difference was observed in the CRT between the two groups at 1 and 3 months (P
= 0.48 at 1 month and P = 0.95 at 3 months). No significant difference was observed with IOP (P = 0.40).

All patients were treated with additional anti-VEGF injections with the PRN regimen according to the physician’s
decision. The mean number of injections during the 1-year follow-up period was 2.1 + 1.4 for the G [-] group and 2.1 £
1.3 for the G [+] group (P = 0.68; Chi-square test). Re-injection was performed at 3.6 months (median 3.0 months) in the
G [-] group and 4.9 months (median 4.0 months) in the G [+] group without statistically significant difference (P = 0.31).
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Figure | The best-corrected visual acuity (BCVA) and central sub-retinal thickness (CRT) at 3 months after a single anti-VEGF injection for eyes without glaucoma (G [-])
and with glaucoma (G [+]). BCVA and CRT significantly improved in both groups during the experimental period. Baseline BCVA did not differ significantly between the two
groups (A and B). The two groups showed no significant difference at | month after treatment, but the BCVA was significantly worse in the G [+] group than in the G [-]
group at 3 months after treatment (P = 0.02).

Notes: Line: BRVO without glaucoma, broken line: BRVO with glaucoma.*P < 0.05, **P < 0.01.

Abbreviations: G [-], macular edema associated with BRVO without glaucoma; G [+], macular edema associated with BRVO with glaucoma; BCVA, best-corrected visual
acuity; BRVO, branch retinal vein occlusion; CRT, central retinal thickness; VEGF, vascular endothelial growth factor; ns, not significant.
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Discussion

Anti-VEGF agents have become the first-line treatment for BRVO-ME, although there is no standard protocol for the use of
these agents. Moreover, these agents are not effective in all cases, and it is still not clear what types of ME cases require
additional anti-VEGF treatment or other treatments, including steroid agents or vitrectomy, when anti-VEGF treatment is
ineffective. Our findings showed that anti-VEGF agents were effective in the eyes of BRVO-ME patients with or without
glaucoma. However, because earlier reduction in BCVA were observed in BRVO-ME with glaucoma compared with those
without glaucoma, a glaucomatous background may affect the maintenance of visual function after anti-VEGF treatment.

The Therapeutic Effectiveness of Anti-VEGF Agents for BRVO-ME is Affected by the

Presence of Glaucoma

The structural abnormalities of the optic nerve in eyes with BRVO and glaucoma show some relationships,” and other studies
have reported that glaucomatous eyes with unilateral BRVO show faster progression of the visual field defects than the fellow
eye.'® An elevated IOP may cause physical compression of the central retinal vein at the lamina cribrosa, which would lead to
blood flow disturbances at the optic disc and thrombus formation related to BRVO."! Vascular abnormalities are another aspect
that need to be considered as a risk factor for the development of BRVO in glaucoma patients.'? Different vascular risk factors
have been reported for the development of BRVO in glaucoma patients, including reduced ocular blood flow,"* local
vasospasm,'* and unstable ocular perfusion pressure.'> Especially, the role of choriocapillaris which shown to be affected
in BRVO,'®!7 because fellow eyes of patients with unilateral retinal vein occlusion, demonstrates a substantial decrease of
perfusion or vascular abnormalities in choriocapillaris. Considering these background factors with our results, there is an
urgent need to establish a customized treatment protocol for BRVO-ME with glaucoma.

Because ME does not develop in all BRVO patients,” it is not clear whether glaucoma is a risk factor for the development
of ME and whether it alters the effectiveness of anti-VEGF treatment. Although there are relationships in the pathological
signs between BRVO and glaucoma, VEGF is strongly associated with the development of BRVO-ME, and anti-VEGF
agents are effective for its treatment. Earlier comparative studies between patients with BRVO-ME and those without normal
tension glaucoma (NTG) showed elevation of aqueous endothelin-1 (ET-1) levels in eyes with NTG. However, the aqueous
VEGF levels were not significantly different between the two groups, and the authors concluded that the presence of NTG
and higher ET-1 concentrations may limit the degree of visual recovery.'® ET-1 is a potent vasoconstrictor that regulates the
blood-retinal barrier, stimulates the growth and migration of cells, and regulates axoplasmic transport. It is essential for the
maintenance of cardiovascular homeostasis.'” ET-1 was also reported to be important for the development of BRVO-ME,*’
thus the biological differences between BRVO and glaucoma, such as the level of ET-1, may contribute to the different rates
of BCVA recovery for BRVO-ME irrespective of the presence of glaucoma.

Glaucomatous eyes show specific changes due to previous damage, including visual field defects, enlargement of the
cup-disc ratio, and reduction of peripapillar/perifoveal retinal nerve fiber layer (RNFL) thickness. However, similar
changes were also observed in the BRVO eye as a result of ischemic damage. In a large cohort consisting of 6173 eyes,
optic nerve head morphology was reported to be associated with BRVO, even in non-glaucomatous eyes, which implies
that it plays a role in BRVO pathogenesis.?' The visual field sensitivity reduction reflects the non-perfusion region caused
by ischemic damage in BRVO with a strong correlation.”> Moreover, several reports have mentioned RNFL reduction in
eyes with BRVO, which implies degeneration of retinal ganglion cells.>*** Although we considered the possibility of
some relationships between BRVO and glaucoma, since the present study was based on a retrospective medical record
review, there was no systematic information other than the open-angle glaucoma diagnosis before the onset of BRVO-
ME. Thus, the exact examination data, including visual field test results and the RNFL data before onset, were not
available to follow the progression of glaucomatous damage. To resolve this limitation, a prospective study with a strict
protocol should be conducted in the future.

Discrepancies in BCVA and CRT Recovery
Shin et al reported a significant improvement in BRVO-ME after bevacizumab treatment, irrespective of the presence of
NTG.'® In addition, they reported, as we found, that the BCVA was significantly worse at 6 months in the presence of
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NTG than in eyes without NTG, even though both groups showed a similar reduction in the central macular thickness.
They also reported that the recurrence rate and the mean number of injections were not significantly different between the
two groups, irrespective of the presence of NTG.'® Such discrepancies in the recovery of the CRT and BCVA were also
found in our patients. One possible explanation for the discrepancy between the functional and anatomical changes was
provided in the context of diabetic ME by the Diabetic Retinopathy Clinical Research Network.?> They stated,

Although OCT measurements of retinal thickness represent an important tool in clinical evaluation, they cannot substitute
reliably as a surrogate for visual acuity at a given point in time.

This is because visual acuity is also affected by the status of photoreceptors reflected as status of ellipsoid line and
external limiting membrane. Thus, there may also exist a dissociation between BCVA and CRT in eyes with BRVO-ME.
In addition, we suggest that the mechanisms related to morphological improvement are not necessarily the same as the
mechanisms that affect visual function, as represented by the BCVA and visual prognosis might be limited in glaucoma
due to pre-existing visual field defects affecting central vision. So, we need further investigation for multiple cofounders.

Limitations

The main limitations of this study were the small number of patients, its retrospective nature, and the single-center
design. As a result, we could not divide and analyze the patients accordingly to the type of BRVO, eg, major BRVO or
macular BRVO,?® nor could evaluate the disc morphology and presence of macular ischemia before and after treatment
by using fluorescein angiography or OCT angiography, which is an important prognostic factor for the final BCVA®
though CD ratio did not alter during this short time observation. In addition, the importance of arteriovenous (AV)
crossing and hyperreflective material have also been reported. In particular, because occlusion occurs most frequently at
the AV crossing?’ and its variation pattern may have a role in the clinical distribution of BRVO,?® it is important to
evaluate the AV crossing pattern. The presence of hyperreflective material in BRVO is associated with poorer vision.?
Prospective studies are needed to determine whether these factors also affect the treatment pattern of BRVO-ME
associated with glaucoma.

Second, we used different anti-VEGF agents for the treatment and did not evaluate the differences among the agents.
There was a significant difference in the distribution of anti-VEGF agents between the G [-] and G [+] groups, as shown
in Table 1. Many patients received bevacizumab in the G [+] group and ranibizumab in the G [-] group. This imbalance
may have influenced our results. The LEAVO study compared intravitreal aflibercept or bevacizumab with ranibizumab
for eyes with CRVO-related ME, and they reported a noninferior mean change in vision. However, in that study, there
were fewer anti-VEGF injections in the aflibercept group than in the ranibizumab group.?° In contrast, a meta-analysis of
18 articles reported no statistically significant differences in any outcomes among bevacizumab, ranibizumab, and
aflibercept for treatment of BRVO-ME, although all of these agents were significantly superior to sham injection.”'
Considering these discrepancies, further investigations with large number of cases are essential.

Third, we followed patients for only a short term with a single-injection, 1+ PRN (PRN) regimen, although most
randomized clinical trial (RCT) protocols involved multiple initial monthly injections. In the BRAVO trial, patients
received six monthly ranibizumab injections in the first six months (6+PRN).>* However, several studies have reported
that the improvement in visual outcomes and CRT were similar between single injections and three-monthly
injections.>* > Although it is difficult to compare the previous RCT with other studies, including our study, due to the
differences in inclusion criteria, these results suggest that the 1+PRN regimen may be a useful protocol for BRVO-ME
with fewer injections. However, since our study was a retrospective study, we could not define strict re-injection criteria.
For the 1-year follow-up period of our study, re-injection was performed at 3.6 months (median, 3.0 months) for the G [-]
group and 4.9 months (median 4.0 months) for the G [+] group with no significance. Because we observed cases that did
not require re-injection within 3 months after initial injection, there is a possibility that more frequent injections could
clarify the difference between the two groups. Additional examinations are needed to clarify this point.

Fourth, there are possibilities that anti-VEGF injection itself cause acute or longitude IOP rise which affect glaucoma
progression.*®*” Here, we did not perform paracentesis and there may occur acute IOP elevation. Though acute IOP
elevation continue short time and paracentesis is useful, we need attention for such injection-related IOP elevation.
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Fifth, though IOP maintained lower than 20mmHg for G [+] group, 13 eyes among 27 eyes (48.1%) received
prostaglandin analogues. There is a possibility that prostaglandin analogues affect ME formation.*® But its incidence was
not high (between 1.2% and 5% during latanoprost treatment) and all patients did not cause ME before BRVO onset
though they used prostaglandin analogue before onset. We need attention for IOP reduction and side effect of
prostaglandin analogue carefully.

Finally, CRT was not evaluated as a sector region. Some reports have shown that RNFL in the superior or inferior
quadrant is affected by glaucomatous damage.*”** Such fundamental differences related to glaucoma severity may affect
CRT improvement in BRVO-ME with glaucoma.

Conclusions

In conclusion, we found that anti-VEGF treatment is effective for BRVO-ME, regardless of whether the eye is
glaucomatous. However, the therapeutic response of anti-VEGF agents for BRVO-ME is affected by the presence of
glaucoma and glaucoma is considered as a negative prognostic factor for BCVA improvement with BRVO-ME.

Abbreviations

BCVA, Best-corrected visual acuity; BRVO, Branch retinal vein occlusion; CRT, Central retinal thickness; IOP,
Intraocular pressure; ME, Macular edema; NTG, Normal tension glaucoma; OCT, Optical coherence tomography;
PRN, Pro re nata; RCT, Randomized clinical trial; RNFI, Retinal nerve fiber layer; RNFLT, Retinal nerve fiber layer
thickness; SD, Standard deviation; VEGF, Vascular endothelial growth factor; VF, Visual field.
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