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Abstract

Purpose To investigate the association between vitre-

omacular adhesion (VMA) and the visual and anatomic

outcomes of antivascular endothelial growth factor therapy

for macular edema due to branch retinal vein occlusion

(BRVO).

Methods This study included 107 eyes of 107 patients

with BRVO who underwent intravitreal injection of

1.25 mg bevacizumab. The presence of VMA was deter-

mined with spectral-domain optical coherence tomography

(SD-OCT). All eyes underwent best-corrected visual acuity

(BCVA) and central retinal thickness (CRT) measurements

using SD-OCT immediately before the injection and at 3,

6, 9, and 12 months after the injection. The main outcome

measures were changes in BCVA and CRT from baseline.

Results The VMA(?) and VMA(-) groups consisted of

47 and 60 eyes, respectively, and patients’ age differed

significantly between the groups (P \ 0.001). In both

groups, BCVA and CRT improved after the injection. The

VMA(?) group showed better improvement in BCVA than

did the VMA(-) group (P = 0.0150), and the presence of

VMA was associated with a greater decrease in CRT after

adjusting for age (P = 0.0019).

Conclusions Presence of VMA may be associated with

superior visual and anatomic outcome for intravitreal

bevacizumab in the treatment of macular edema due to

BRVO.

Keywords Branch retinal vein occlusion � Macular

edema � Bevacizumab � Antivascular endothelial growth

factor therapy � Vitreomacular adhesion

Introduction

Branch retinal vein occlusion (BRVO) is the second most

common vascular disorder of the retina after diabetic ret-

inopathy [1]. Its prevalence has been shown to vary from

0.7 to 1.6 % [2, 3]. Secondary macular edema is one of the

main reasons for loss of visual acuity in BRVO [4, 5].

Macular grid laser photocoagulation used to be the only

established treatment modality for macular edema due to

BRVO. However, the visual acuity improvement was

limited, leading to the search for other new therapeutic

options [6–8]. Various studies have demonstrated the

effectiveness of antivascular endothelial growth factor

(anti-VEGF) therapy on macular edema secondary to

BRVO [9–11]. Among the anti-VEGF agents, offlabel use

of bevacizumab, a full-length humanized monoclonal

antibody, has long attracted attention and has been reported

to be associated with promising short-term anatomic and

functional improvement. A recently published randomized

control study, the double-masked, multicenter, randomized,

phase III, parallel group ranibizumab for the treatment of

macular edema after branch retinal vein occlusion

(BRAVO) study, supported the role of anti-VEGF therapy

for macular edema due to BRVO [12–15].

Recent studies suggested a role of vitreomacular adhe-

sion (VMA) in various VEGF-mediated retinal diseases,

such as diabetic maculopathy, age-related macular
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degeneration, and BRVO. Interestingly, a recent clinical

study described the association between VMA and visual

outcome in intravitreal anti-VEGF treatment for exudative

age-related macular degeneration (AMD) and suggested

that VMA is a morphologic characteristic of resistance to

anti-VEGF therapy [16]. Several reports have identified

pretreatment factors associated with improvement in the

visual and anatomic outcomes [17, 18]. An association

between VMA and the visual and anatomic outcomes after

anti-VEGF therapy, however, has not been examined in

macular edema secondary to BRVO. The purpose of the

present study was to investigate the association between

VMA and the visual and anatomic outcomes of anti-VEGF

therapy for macular edema due to BRVO.

Materials and methods

This study was a retrospective observational case series

conducted at the University of Tokyo School of Medicine.

Institutional review board approval was obtained from the

University of Tokyo. The database of consecutive patients

with macular edema secondary to BRVO who underwent

intravitreal anti-VEGF injections at the University of

Tokyo Hospital from January 2007 to June 2010 was ret-

rospectively reviewed. Inclusion criteria were the admin-

istration of intravitreal bevacizumab injections within

3 months of the onset of a venous occlusive event and a

follow-up period of at least 12 months. Exclusion criteria

included the presence of other ocular abnormalities that

had the potential to affect visual acuity adversely and/or

previous treatment for BRVO.

Each patient received an intravitreal injection of

1.25 mg bevacizumab, and further injections were given

when a recurrence of edema occurred with a concomitant

decrease in visual acuity or if the absorption of fluid was

not complete 1 month after the injection. Ophthalmic

examination, including best-corrected visual acuity

(BCVA) and spectral domain optical coherence tomogra-

phy (SD-OCT; 3D-OCT 1000; Topcon Corporation,

Tokyo, Japan), were performed at baseline and at each

visit, which was scheduled at an interval of 4–6 weeks.

BCVA was measured by a standard Japanese decimal

visual acuity chart, and the values were converted to log-

arithm of the minimum angle of resolution (logMAR) units

for statistical analysis. The presence of VMA was defined

as attachment of the posterior hyaloid line, depicted as a

thin, continuous reflective layer above the inner limiting

membrane, to the inner retinal surface of the macula

detected on SD-OCT (Fig. 1), as described in previous

studies [16, 19–21]. If the posterior hyaloid line could not

be detected on any section of the entire scan set, the eye

was graded as VMA(-). Cases with a hyperreflective area

on the inner surface of the retina, but without VMA, were

classified as VMA(-). Cases were judged by 2 indepen-

dent investigators in a masked fashion. In most cases, the

investigators made the same judgment. For the 16 cases in

which the judgment differed, we used the judgment

determined by the senior investigator. In addition, the

central retinal thickness (CRT) was measured with SD-

OCT using a built-in software system. The length from the

retinal pigment epithelium to the internal limiting lamina

was defined as the CRT.

The main outcome measures were changes in BCVA

and CRT. Data from the baseline and the follow-up

examinations at 3, 6, 9, and 12 months after the injection

were used for the analysis.

The results were expressed as mean ± SD. The t test

was used to compare the patients’ baseline age, total

number of injections, and baseline BCVA and the CRT of

the 2 groups. The Chi square test was used to investigate

the differences in sex between the 2 groups. Analysis of

covariance (ANCOVA) was used to investigate the dif-

ferences in the BCVA and CRT of the 2 groups. All sta-

tistical analyses were performed using Dr. SPSS II for

Windows software (SPSS, Tokyo, Japan). Confounding

Fig. 1 Optical coherence tomographic (OCT) images with and

without vitreomacular adhesion (VMA). a Macular edema secondary

to branch retinal vein occlusion (BRVO) detected with VMA. The

white arrows indicate the posterior vitreous cortex. b Macular edema

secondary to BRVO without VMA. Posterior vitreous detachment

was clearly observed in this eye
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factors that produced significant differences between the

groups were analyzed as covariate factors in ANCOVA.

We also investigated the pretreatment factors associated

with the changes in BCVA and CRT at month 12. Patients’

age, VMA, duration of macular edema, and total number of

injections were included as the independent variables for

multiple regression analysis.

Results

From January 2007 to June 2010, intravitreal bevacizumab

therapy was performed in 140 eyes of 139 patients with

BRVO. Among those eyes, 20 eyes of 19 patients were lost

to follow-up within the first 12 months. Thirteen eyes had

low reflectivity strength on OCT imaging before the

treatment, which precluded reliable assessment of the OCT

image (Q factor\70). Thus, 107 eyes of 107 patients aged

between 39 and 87 years (mean age 64.0 years) were

selected for analysis.

The VMA(?) group comprised 47 eyes, and the

VMA(-) group, 60 eyes. As expected, older age was

associated with a decreasing prevalence of VMA (odds

ratio 0.897/years). The baseline patient characteristics are

shown in Table 1. The mean age was 58.6 years in the

VMA(?) group and 68.1 years in the VMA(-) group

(P \ 0.001, t test). The baseline BCVA was 0.48 ± 0.38

logMAR in the VMA(?) group and 0.46 ± 0.29 logMAR

in the VMA(-) group, with no statistical difference

between the groups (P = 0.721, t test). The baseline CRT

was 547 ± 196 lm in the VMA(?) group and

530 ± 193 lm in the VMA(-) group, with no statistical

difference between the groups (P = 0.670, t test). On

average, patients received 2.17 injections over 12 months

in the VMA(?) group and 2.37 injections in the VMA(-)

group (P = 0.451, t test).

The BCVA at 3, 6, 9, and 12 months were 0.20 ± 0.28,

0.11 ± 0.20, 0.10 ± 0.19, and 0.086 ± 0.18 logMAR in

the VMA(?) group and 0.21 ± 0.21, 0.18 ± 0.24,

0.20 ± 0.24, and 0.21 ± 0.24 logMAR in the VMA(-)

group, respectively. The mean changes in BCVA from

baseline after the treatment are shown in Fig. 2. The mean

BCVA significantly improved in both groups [VMA(?)

group: P \ 0.001 and VMA(-) group: P \ 0.001; repe-

ated-measures ANOVA). After adjusting for age, the mean

BCVA was significantly lower over time in the VMA(-)

group than in the VMA(?) group (P = 0.0150, repeated

measures ANCOVA with age as the covariate).

The CRT at 3, 6, 9, and 12 months were (in lm)

237 ± 128, 203 ± 97, 210 ± 132, and 195 ± 111 in the

VMA(?) group and 261 ± 159, 266 ± 148, 298 ± 167,

and 272 ± 167 in the VMA(-) group, respectively. The

mean CRT significantly decreased in both groups

[VMA(?) group: P \ 0.001 and VMA(-) group:

P \ 0.001; repeated-measures ANOVA; Fig. 3]. After

adjusting for age, the mean CRT was significantly thinner

over time in the VMA(?) group than in the VMA(-)

group. (P = 0.0019, repeated-measures ANCOVA with

age as the covariate).

We also investigated the changes in BCVA and CRT at

each time point. In both groups, the BCVA and CRT

improved at month 3 and were maintained at months 6, 9,

and 12. At month 3, the BCVA of the 2 groups did not

differ significantly (P = 0.076, ANCOVA with age as the

covariate). At 6, 9, and 12 months, improvement in BCVA

was maintained in both groups; however, the change in

BCVA was better in the VMA(?) group than in the

VMA(-) group (P = 0.0096, 0.0105, and 0.0116, respec-

tively; ANCOVA with age as the covariate). Similarly, at

months 3, 6, 9 and 12, the CRT was significantly thinner in

Table 1 Baseline patient characteristics

VMA(?)

(n = 47)

VMA(-)

(n = 60)

P value

Age ± SD (years) 58.6 ± 9.55 68.1 ± 9.05 \0.001a

Sex (M/F) 20/27 21/39 0.430b

Ischemic/nonischemic 13/34 20/40 0.887b

Baseline BCVA ± SD,

logMAR

0.48 ± 0.38 0.46 ± 0.29 0.721a

Baseline CRT ± SD, lm 547 ± 196 530 ± 193 0.670a

Total number of

injections ± SD

2.17 ± 1.32 2.37 ± 1.34 0.451a

VMA vitreomacular adhesion, BCVA best-corrected visual acuity,

logMAR logarithm of the minimum angle of resolution, CRT central

retinal thickness, SD standard deviation
a t test, b Chi square test

Fig. 2 Mean change in best-corrected visual acuity (BCVA) after

antivascular endothelial growth factor therapy. The mean BCVA

significantly improved in both groups (P \ 0.001 and P \ 0.001).

The mean BCVA became significantly lower over time in the

VMA(-) group than in the VMA(?) group (P = 0.0150). At 6, 9,

and 12 months, the mean change in BCVA was better in the VMA(?)

group than in the VMA(-) group (P = 0.0096, 0.0105, and 0.0116,

respectively) (*P \ 0.05)
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the VMA(?) group than in the VMA(-) group

(P = 0.0129, 0.0012, 0.0027, and 0.0062, respectively;

ANCOVA with age as the covariate).

Four eyes in the VMA(?) group developed posterior

vitreous detachment (PVD) during the 12 months. One of

those eyes was from a 62-year-old female patient. PVD in

this eye had formed by 2 months after the first injection.

Immediately before and after the PVD formation, the

BCVA were both 0.70 logMAR units, and the CRT were

541 and 199 lm, respectively. The second eye was from a

59-year-old female patient, and the PVD had developed by

6 months after the initial treatment. The BCVA immedi-

ately before and after the PVD formation were both 0.70

logMAR units, and the CRT were 123 and 196 lm,

respectively. The third eye was from a 77-year-old female

patient, and we confirmed development of PVD at

7 months after the first injection. The BCVA immediately

before and after the PVD formation were both 0.40 log-

MAR units, and the CRT were 500 and 200 lm, respec-

tively. The fourth eye was from a 59-year-old female

patient. The BCVA immediately before and after the PVD

formation were both 0.30 logMAR units, and the CRT

were 139 and 140 lm, respectively.

Lastly, the pretreatment factors were investigated for

their possible association with the changes in BCVA and

CRT at month 12 (Tables 2, 3). In these analyses, only the

presence of VMA was positively related with change in

BCVA (P = 0.0105); it was negatively related with change

in CRT (P = 0.0052).

Discussion

Anti-VEGF therapy is now an established treatment for

macular edema due to BRVO [9–11]. According to previ-

ous studies that investigated the predictive factors for

visual improvement with intravitreal bevacizumab therapy

for macular edema due to BRVO, younger patient age,

shorter duration of BRVO, and worse baseline BCVA have

been found to correlate with greater improvement in visual

acuity [17]. All patients in the current study received in-

travitreal bevacizumab injection within 3 months of the

onset of BRVO. Some investigators recommend intravi-

treal bevacizumab injection for cases in which macular

edema has persisted for at least for 3 months. But another

report suggested that shorter duration of macular edema

before the treatment resulted in a greater increase in visual

improvement and that treatment within less than 3 months

resulted in a better visual outcome [17]. In addition, better

pretreatment visual acuity was associated with better

posttreatment visual acuity [18]. One study demonstrated

that eyes with ischemic macular edema had worse visual

acuity after treatment [17]. Although these analyses dem-

onstrated the pretreatment factors associated with visual

improvement, as far as we are aware and based on a

Medline search, the present study is the first to evaluate the

effect of VMA on anti-VEGF therapy for macular edema

secondary to BRVO.

The present study has demonstrated that the presence of

VMA is associated with better improvement in visual

acuity and greater reduction of CRT with anti-VEGF

therapy for macular edema secondary to BRVO. These

results indicate that eyes with VMA are more responsive to

anti-VEGF therapy than are eyes without VMA. A recent

Fig. 3 Mean change in central retinal thickness (CRT) after antivas-

cular endothelial growth factor therapy. The mean CRT significantly

improved in both groups (P \ 0.001 and P \ 0.001). The mean CRT

became significantly lower over time in the VMA(-) group than in

the VMA(?) group (P = 0.0019). At 3, 6, 9, and 12 months, the CRT

was significantly thinner in the VMA(?) group than in the VMA(-)

group (P = 0.0129, 0.0012, 0.0027, and 0.0062, respectively)

(*P \ 0.05)

Table 2 Factors associated with changes in BCVA at 12 months

Independent variables

Age
(years)

VMA Duration
of macular
edema

Total
number of
injections

Ischemic

Standardized
partial

0.0800 0.322 -0.144 0.0260 0.1048

Regression
coefficient
(P)

(0.519) (0.0105) (0.233) (0.817) (0.368)

VMA vitreomacular adhesion, BCVA best-corrected visual acuity

Table 3 Factors associated with changes in CRT at 12 months

Independent variables

Age

(years)

VMA Duration of

macular edema

Total

number of

injections

Ischemic

Standardized

partial

-0.221 -0.371 -0.0233 0.0300 -0.139

Regression
coefficient

(P)

(0.0952) (0.0052) (0.859) (0.799) (0.253)

VMA vitreomacular adhesion, CRT central retinal thickness
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report [16] suggested a negative association between VMA

and visual outcome in the treatment of exudative AMD

with anti-VEGF. In that study, the visual prognosis after

anti-VEGF treatment for exudative AMD eyes was worse

in eyes with VMA. Thus, the results of the current study

contradict the findings for exudative AMD, and the finding

that the presence of VMA was significantly associated with

good anatomic and visual outcome among our group of

subjects was unexpected. The discrepancies between the

previous study and the current results may be reconciled by

considering the different effects of VMA on AMD and

BRVO, which are summarized as follows.

First, it is possible that the extent of macular edema due

to BRVO is less affected by VMA than is exudative change

in AMD. Macular edema in BRVO has an acute onset,

whereas the exudative change in wet AMD is chronic.

According to previous studies, hyaloid adhesion to the

macula is likely to be present in eyes with exudative AMD

[20–23]. Posterior vitreous detachment may be protective

against exudative AMD [17, 24]. Several investigators

assume that the presence of the posterior vitreous cortex

attached to the macula may cause hypoxia and trap pro-

angiogenic cytokines such as VEGF within the macula,

resulting in CNV [25–28]. Indeed, several investigations

suggest that some patients with wet AMD may benefit from

the release of VMA by means of vitrectomy or perhaps

pharmacologic vitreolysis [29–31]. Accumulating evidence

strongly supports an association between VMA and exu-

dative AMD. In contrast, clinical studies suggest that the

presence of VMA results in poor visual outcomes in RVO,

but the evidence is only anecdotal. In the current study,

BCVA and CRT before treatment did not differ regardless

of the presence or absence of VMA. This finding fails to

support the notion that the presence of VMA influences the

severity of macular edema due to BRVO, at least, at

baseline. In contrast, our previous investigation suggested

that the presence of VMA influences the severity of wet

AMD at baseline [32].

Secondly, it is generally accepted that the condition and

state of the vitreous is related to the clearance of intravit-

really injected drugs [33–35]. The state of the vitreous

affects the diffusion of the intravitreally injected mole-

cules, and thus their half-life. In general, clearance

increases when the vitreous is replaced with water [33], and

it has been argued that the loss of the gel structure of the

vitreous body as a consequence of vitrectomy or age-

related liquefaction has important effects on the distribu-

tion of small molecules in the eye [34–36]. Thus far, the

pharmacokinetics of eyes with normal viscous vitreous gel

and of eyes with age-related liquefied vitreous has not been

compared in humans. But a recent laboratory study clearly

demonstrated that the distribution of fluorescein isothio-

cyanate–dextran (average molecular weight: 150 kDa,

approximately the same molecular weight as that of bev-

acizumab) in liquefied vitreous is greater than that in nor-

mal viscous vitreous in rabbits, suggesting faster clearance

in liquefied vitreous [37]. Indeed, it has been demonstrated

that vitrectomized eyes are poorly responsive to intravitreal

bevacizumab therapy [38, 39]. It is rational to consider that

sufficient therapeutic levels cannot be sustained in vitrec-

tomized eyes owing to the rapid clearance of bevacizumab.

This may hold true for intravitreally injected bevacizumab

in eyes with age-related liquefaction of the vitreous gel.

The current study demonstrated that BCVA and CRT

after the injection at 3 months did not differ significantly;

however, eyes with VMA did show better visual outcomes

at 6, 9, and 12 months. This may support the notion that the

injected drugs that amass in the vitreous body last longer in

eyes with VMA, and thus, the visual prognosis after anti-

VEGF therapy might not differ significantly in the short-

term. Alternatively, eyes with VMA may have a benign

natural course. The patients of the current study were

recruited from real-world medical practice and not treated

with a stringent treatment regimen. If more intensive

treatment had been performed in the VMA(-) group, the

BCVA and CRT might have been better.

In multiple regression analyses, only the presence of

VMA was positively related with changes in BCVA; it was

negatively related with changes in CRT. These results

indicate that VMA was strongly correlated with the visual

and anatomic improvements. Age was also not significantly

correlated with changes in BCVA and CRT at 12 months.

Various past studies demonstrated that younger patients

had better prognosis with anti-VEGF therapy for macular

edema secondary to BRVO [18]. Although further studies

are needed, the good treatment efficacy for younger

patients in previous reports may be partly attributable to the

higher prevalence of VMA in younger patients than in

older patients.

The current study has several limitations. Firstly, in

diagnosing the presence of VMA, we used only spectral

OCT. Ultrasound examination is the generally accepted

approach to detect PVD, and OCT is not the best tool to

evaluate complete PVD. However, the current analysis did

not attach high priority to determining complete PVD or

partial vitreous adhesion, but instead focused on the status

of the posterior vitreous attachment to the macula. In

addition, with careful observation by two investigators, we

judged whether the posterior vitreous cortex adhered to the

posterior pole in a 3D hair scan. Similar to the current

report, recent reports examined the state of the vitreoretinal

interface and vitreomacular traction with OCT, and these

investigators also assumed that OCT is the best clinical

instrument to detect VMA [16, 36]. However, wide vitre-

ous attachment over the entire posterior pole may be dif-

ficult to find even with careful observation. Secondly, the

VMA and anti-VEGF therapy for BRVO 143
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total number of injections in both groups was low when

compared with the number in previous studies. It has been

demonstrated that 33 % of patients with macular edema

secondary to BRVO treated with single intravitreal bev-

acizumab injection had no recurrence and that 58 % of

patients needed two injections [40]. Another study dem-

onstrated that 48.6 % patients showed a resolution of

macular edema without recurrence after receiving a single

injection [41]. The number of injections in the current

study is relatively low when compared with these previous

studies. In real-world medical practice, it is hard to adhere

rigidly to stringent predetermined criteria. Thirdly, we

could not provide the systemic factors associated with

BRVO in each patient enrolled in this study, e.g., hyper-

tension and coagulation abnormality. The cause of BRVO

is important and may exert influence on the visual and

anatomic prognosis, but was not included in our routine

examination. It will be an important issue for future

research. Fourthly, a study suggested removing the pos-

terior hyaloid or PVD formation as treatment for BRVO

[42, 43], but the current results contradict that previous

hypothesis. It is possible that the natural evolution in

patients with BRVO with VMA may be better than that

without VMA. In the current study, four eyes in the

VMA(?) group developed PVD during the 12-month fol-

low-up. Each case seemed to have good visual and ana-

tomic recovery after the release from VMA. However, the

number of such cases is too small to reach a meaningful

conclusion. A detailed, prospective study is required to

assess the contribution of the vitreous body to intravitreal

injection therapy. Finally, the number of patients enrolled

in the 2 study groups was unequal and relatively low to

detect statistically significant differences in changes in

BCVA and CRT between the groups.

In conclusion, the presence of VMA is highly associated

with the visual prognosis and seems to be associated with

anatomic improvement after anti-VEGF therapy for mac-

ular edema secondary to BRVO. The current study did not

find that VMA is associated with inferior visual and ana-

tomic outcome after intravitreal bevacizumab. In fact, the

presence of VMA may be associated with superior visual

and anatomic outcome for intravitreal bevacizumab in the

treatment of macular edema due to BRVO.
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