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Purpose: To determine the optical coherence tomography (OCT) parameters that are predictive
of visual outcome after anti-VEGF therapy for a retinal vein occlusion (RVO).

Methods: Fifty-seven eyes with macular edema (ME) secondary to a central or branch RVO
treated with bevacizumab or ranibizumab were studied. Spectral-domain OCT and microperim-
etry were performed before, 1, 3, and 6 months after the treatment and at the final visit. Central
retinal thickness (CRT), macular volume (MV), integrity of the external limiting membrane
(ELM), ellipsoid zone (EZ), and foveal bulge (FB), and photoreceptor outer segment (PROS)
length were determined.

Results: The mean follow-up period was 17.8+11.5 months. In 46 of the 57 eyes, a resolution
of the ME was achieved. The pretreatment CRT and MV, presence of intact ELM, EZ, and FB,
and PROS length at the time of ME resolution were significantly correlated with the best-
corrected visual acuity and retinal sensitivity at the final visit (P<<0.050). Multiple regression
analyses showed that the pretreatment MV had the highest correlation with the posttreatment
best-corrected visual acuity and retinal sensitivity (P<<0.050).

Conclusion: The CRT, MV, ELM, EZ, FB, and PROS length are predictive factors for the
visual outcome after anti-VEGF therapy for RVO.

Keywords: anti-VEGF therapy, retinal sensitivity, retinal vein occlusion, spectral-domain
optical coherence tomography, visual acuity

Introduction

A retinal vein occlusion (RVO) is one of the most common primary vascular diseases
of the retina. Vitreous hemorrhages, macular pucker, ischemia, glaucoma, and trac-
tional retinal detachment are common complications associated with RVOs. However,
the most common complication and the leading cause of the reduction of vision in
eyes with an RVO is macular edema (ME).! The ME associated with an RVO occa-
sionally resolves spontaneously, but it can also remain for a long period and lead to
a decrease of visual function. Therefore, various therapies have been used to treat
the ME, eg, grid laser photocoagulation,' pars plana vitrectomy,? intravitreal injec-
tions of triamcinolone acetonide,* and intravitreal injections of anti-VEGF.>® The
Branch Vein Occlusion Study reported that conventional grid laser photocoagulation
improves the visual acuity to a higher level than the natural course of the disease
process.' After the resolution of the ME, some patients have poor visual function in
spite of a complete resolution of the ME. Thus, it would be helpful to know if there
is an ocular parameter that can be used to predict the visual outcome after the ME is
resolved by therapy.

submit your manuscript
e
in

Dove

http:

Clinical Ophthalmology 2016:10 13051313 1305

© 2016 Fujihara-Mino et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
T2 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you

hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/OPTH.S110793
https://www.facebook.com/DoveMedicalPress/
https://www.linkedin.com/company/dove-medical-press
https://twitter.com/dovepress
https://www.youtube.com/user/dovepress
mailto:ymitaymitaymita@yahoo.co.jp

Fujihara-Mino et al

Dove

Earlier studies demonstrated that a disruption of the
ellipsoid zone (EZ) or the external limiting membrane (ELM)
of the photoreceptors in the optical coherence tomography
(OCT) images indicated that the photoreceptors were dam-
aged. It has been reported that a disruption of the EZ or ELM
was significantly associated with poor visual function after
the resolution of the ME.®7 It has also been reported that
the pretreatment integrity of the EZ was significantly and
positively correlated with the visual acuity after the ME was
resolved in eyes with a branch RVO (BRVO).?

Careful examination of the spectral-domain OCT
(SD-OCT) images of normal eyes has shown that the EZ has
a bulge at the central fovea, named the foveal bulge (FB).’
The results of recent OCT studies have shown that the pres-
ence or absence of an FB was significantly correlated with
the visual acuity in eyes with occult macular dystrophy'* and
amblyopia.'' Hasegawa et al® reported that the presence of
an FB was a good marker of the functional properties of the
fovea in eyes with a resolved ME associated with BRVO after
intravitreal injection of bevacizumab, posterior sub-Tenon
injection of triamcinolone acetonide, or a spontaneous reso-
lution of an ME. However, the exact relationship between
the FB and visual prognosis after anti-VEGF therapy has
not been determined.

Shiono et al' reported that the photoreceptor outer seg-
ments (PROS) length was a good predictor of postopera-
tive visual acuity after surgery for an idiopathic epiretinal
membrane. However, the correlation between the PROS
length and visual outcomes after anti-VEGF therapy for RVO
has not been determined.

The visual function of patients with ME due to RVO
is usually assessed by the conventional visual acuity, but
this only measures the foveal function. Evaluations of
the topographic sensitivity of the entire central retinal
field is much more informative.® It has been shown that
fundus-related perimetry is clinically useful in assessing the
effects of ME.'*!3

The OCT findings, such as status of the EZ, ELM, and
central retinal thickness (CRT), have been reported to be
predictive factors for the visual outcome after anti-VEGF
therapy for RVO.%!20 However, the correlation between
the PROS length or the FB and the visual outcomes after
anti-VEGF therapy for RVO has not been determined.
In addition, it has not been determined which OCT parameter
has the highest impact on the visual outcome after a resolution
of the ME remains undetermined.

Thus, the purpose of this study was to determine the
pretreatment OCT parameter(s) that is predictive for

the posttreatment visual acuity and retinal sensitivity
determined by fundus-related microperimetry after anti-
VEGF therapy.

Materials and methods

Patients

Fifty-seven eyes of 57 patients (31 men and 26 women)
with treatment-naive acute ME of 1- to 4-months duration
secondary to central RVO (CRVO, 15 eyes) or BRVO
(42 eyes) were studied. All of the patients who had intra-
vitreal injections of bevacizumab (1.25 mg/0.05 mL) or
ranibizumab (0.5 mg/0.05 mL) at the Tokushima University
Hospital between June 2011 and September 2014 were retro-
spectively studied (Table 1). Patients with a CRT =250 um
in the OCT images were treated. Patients with a history of
cerebral infarction, anti-VEGF therapy, vitrectomy, uveitis,
glaucoma, or other vitreoretinal diseases were excluded.
The age of the patients ranged from 45 to 87 years with a
mean of 67.1149.5 years (+ standard deviation). Only patients
followed for more than 6 months posttreatment period
were included.

Approval was obtained from the Institutional Review
Board of Tokushima University Hospital prior to beginning
this study, and the patients gave their written informed con-
sent prior to their inclusion. The procedures used in this study
adhered to the tenets of the Declaration of Helsinki.

Ophthalmic examinations

The patients had standard ophthalmic examinations before, 1,
3, and 6 months after the injections and at the final visit. The
examinations included measurements of the best-corrected
visual acuity (BCVA), slit-lamp biomicroscopy, indirect
ophthalmoscopy, color fundus photography, SD-OCT, and
microperimetry. The BCVA was measured with a standard
Japanese Landolt visual acuity chart, and the decimal visual
acuity was converted to the logarithm of the minimal angle
of resolution (logMAR) units for the statistical analyses.

Table | Patient characteristics

Patient characteristics

Follow-up period (mo) 17.8%11.5
Age (years) 67.1£9.5
Sex (men/women), n 31/26
BRVO/CRVO, n 42/15
Bevacizumab/ranibizumab, n 45/12

ME resolution within 6 months (yes/no), n 46/11
Period from the first injection to ME resolution (mo) 1.5£0.9

Note: Data presented as mean * standard deviation unless otherwise indicated.
Abbreviations: BRVO, branch retinal vein occlusion; CRVO, central retinal vein
occlusion; ME, macular edema; mo, months.
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Treatments

Patients initially received one intravitreal injection of
bevacizumab or ranibizumab, and they were examined
monthly for 6 months after the initial injection. If the CRT
was =250 um, or the physician determined that additional
treatment was necessary, the patients received additional
injections of the same anti-VEGF agent.

Forty-five patients who started their treatment between
June 2011 and August 2013 received bevacizumab injec-
tions, and 12 patients who started treatment between
September 2013 and September 2014 received ranibizumab
injections. Patients with BRVO who developed areas of cap-
illary nonperfusion exceeding five disc areas on fluorescein
angiography during the course of the study, were treated
with peripheral scattered laser photocoagulation. Patients
with CRVO who developed nonperfusion areas exceed-
ing ten disc areas were also treated with peripheral laser
photocoagulation.

SD-OCT

Retinal tomographic images of the macula were obtained by
SD-OCT (Spectralis, Heidelberg Engineering, Heidelberg,
Germany). Horizontal and vertical scans through the fovea
were recorded. The CRT was defined as the average thick-
ness of the central 1 mm circle of the retinal thickness map
(Figure 1). The macular volume (MV) was defined as the
total MV of the central 3 mm circle because the central
10-degree spot examined by fundus-related microperimetry
is comparable to a circle of approximately 3 mm in diameter
of the fundus of an emmetropic eye.??? The integrity of the
ELM, EZ, and FB in the SD-OCT images after the resolution
of the ME, was determined by two of the authors (KA and
KS) who were masked to the patients’ information. The ELM
and EZ lines were considered to be intact when they appeared
continuous and had signal intensities similar to those of the
peripheral macular area.? In eyes with an intact EZ line, the
presence of a bulge in the EZ line, an FB, was determined.
When the evaluations of the two examiners did not agree,
the opinion of a third observer (YM) was sought.

The subjects were divided into three groups: intact ELM,
EZ, or FB group; disrupted ELM, EZ, or FB group; and no
ME resolution group. The PROS length in the SD-OCT
images was measured as the distance between the EZ and
the inner border of the retinal pigment epithelium at the
foveal center (Figure 1). The PROS length was manually
measured by the caliper function of the built-in software in
the cross-sectional OCT images, and the PROS lengths of
the horizontal and vertical scans were averaged.

Microperimetry

The retinal sensitivity was measured with the Microperimetry 1
(MP1, Nidek, Gamagori, Japan) with automated correc-
tion for eye movements as reported in detail previously.?
Goldmann IIT stimuli and a 4-2 staircase strategy were used,
and a rectangular 3x3 degree test grid with 24 stimulus loca-
tions covering an area of 10 degrees was tested. The central
retinal sensitivity within 10 degrees was defined as the mean
retinal sensitivity for the 24 stimulus locations.

Statistical analyses

Repeated-measures analysis of variance (ANOVA) with
Greenhouse-Geisser corrections was used to determine the
significance of the changes in the BCVA, retinal sensitivity,
CRT, and MV. The Bonferroni test was used for the post hoc
analysis. The correlations between the OCT parameters and
the posttreatment BCVA and retinal sensitivity were deter-
mined by Pearson’s correlation tests for simple regression
analysis. Data were analyzed using one-factor ANOVA to
compare the visual outcomes in the three ELM, EZ, or FB
subgroups. Multiple regression analyses were performed
to determine the independent OCT parameters with the
strongest correlations with the visual outcomes. A P-value
of <0.05 was considered statistically significant. All analyses
were done with the SPSS version 22.0 (IBM Corporation,
Armonk, NY, USA) and the StatView software (Abacus;
Abacus Concepts, Inc., Berkeley, CA, USA).

Results
Changes of visual functions and SD-OCT

findings after anti-VEGF treatment

The mean follow-up period was 17.8+£11.5 months with a
range of 6 to 44 months. All patients were followed for at
least 6 months after the initial injection of bevacizumab or
ranibizumab. The injections were administered two to nine
times (3.3£1.7 times) to each patient during the follow-up
period. During the follow-up period, 20 eyes (35.1%)
received peripheral scattered laser photocoagulation to
prevent the development of retinal neovascularization and
vitreous hemorrhage.

The postinjection changes of the visual acuity, retinal
sensitivity, and SD-OCT findings are presented in Table 2.
Significant differences were observed in the BCVA, retinal
sensitivity, CRT, and MV between the baseline and post-
treatment times (P<<0.001). The BCVA, retinal sensitiv-
ity, CRT, and MV at 1, 3, and 6 months and at the final
visit were significantly better than those at the baseline
(all P<0.001).
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Figure | Microperimetry map and spectral-domain optical coherence tomography (SD-OCT) images of an eye with a branch retinal vein occlusion (7 |-year-old woman).

Notes: (A) Microperimetry map before treatment. A total of 24 stimulus locations covering the central |0-degree field were tested. The mean retinal sensitivity at the
24 locations is 13.3 dB. The decimal best-corrected visual acuity was 0.8. (B) Retinal thickness map obtained by SD-OCT before treatment. The diameters of the center,
inner, and outer rings were |, 3, and 6 mm, respectively. The central retinal thickness was defined as the average thickness of the central | mm circle of the retinal thickness
map. The macular volume (MV) was defined as the total MV of the central 3 mm circle, because the central 10-degree spot examined by microperimetry is comparable to
a circle of approximately 3 mm in diameter in the fundus of an emmetropic eye. (C) SD-OCT image at the time of the resolution of macular edema after treatment. The
external limiting membrane (ELM) and ellipsoid zone (EZ) are considered to be intact, because both are continuous and accompanied with signal intensity similar to that in
the peripheral macula. SD-OCT image shows that the EZ line has a bulge at the central fovea, named the foveal bulge (arrowhead). Photoreceptor outer segment (PROS)

Average thickness (um)
Vol (mm?3)
9.72

MV

Center: 450 ym
Central min: 263 um
Central max: 559 um
Circle diameters: 1, 3, 6 mm ETDRS

(wrl) ssauyjoiy; jeunay

PROS length

T
—‘O‘» < RPE

length was measured as the distance between the EZ and the inner border of the retinal pigment epithelium (RPE) at the foveal center.

Abbreviations: SD-OCT, spectral-domain optical coherence tomography; MV, macular volume; ELM, external limiting membrane; EZ, ellipsoid zone; PROS, photoreceptor

outer segment; RPE, retinal pigment epithelium.

1308 submit your manuscript

Dove

Clinical Ophthalmology 2016:10


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

OCT parameters and visual outcome in anti-VEGF therapy for RVO

Table 2 Visual functions and OCT findings before and after treatment

Parameters Baseline I month 3 months 6 months Final visit
BCVA (logMAR) 0.486+0.376 0.286+0.334 0.177+0.304 0.210+0.310 0.190+0.365
Retinal sensitivity (10 degrees, dB) 9.614.9 12.3+4.2 12.9+4.2 12.4+4.3 12.8+4.3
CRT (um) 557.4+168.7 315.7+78.4 365.7+138.5 407.2+147.2 369.7+148.3
MV (3 mm circle, mm?) 3.45+0.69 2.504+0.27 2.80+0.69 2.85+0.65 2.661+0.61

Note: Data presented as mean * standard deviation.

Abbreviations: OCT, optical coherence tomography; BCVA, best-corrected visual acuity; CRT, central retinal thickness; logMAR, logarithm of the minimum angle of

resolution; MV, macular volume.

In46 of the 57 eyes, a complete resolution of the ME was
achieved by 1.510.9 months after the treatment. The ME in
the other eleven eyes was not resolved during the 6-month
postinjection period. After the 6-month postinjection period,
vitrectomy was performed on three of eleven eyes, sub-
Tenon’s capsule triamcinolone acetonide injection in two
eyes, grid laser photocoagulation in two eyes, and the other
patients refused additional treatments. In seven eyes undergo-
ing treatments other than anti-VEGF therapy, the final visit
was defined as the last visit before the other treatment. Data
obtained after treatments other than anti-VEGF therapy were
excluded from the study.

Correlation between pretreatment

ME and visual outcomes

The baseline CRT was significantly correlated with the
BCVA and retinal sensitivity at 6 months after the treatment
and at the final visit (both P<<0.005, Table 3). Similarly, the
baseline MV was significantly correlated with the BCVA and
retinal sensitivity at 6 months and final visit (both P<<0.001,
Figures 2 and 3). The coefficients of correlation for the MV
and the BCVA or retinal sensitivities were higher than those
for the CRT. Because the CRT and MV can be confounding
variables, the baseline MV instead of the CRT was used as

Table 3 Correlation between pretreatment macular edema and
visual outcomes

Visual outcomes Baseline
CRT (pm) MV (3 mm
circle, mm?®)
Six months after treatment
BCVA (logMAR) r=0.484 r=0.578
P<0.001 P<0.001
Retinal sensitivity (10 degrees, dB) r=—0.473 r=—0.507
P<0.001 P<0.001
Final examination
BCVA (logMAR) r=0.369 r=0.455
P=0.004 P<0.001
Retinal sensitivity (10 degrees, dB) r=—0.419 r=—0.438
P=0.001 P<0.001

Note: P-values in bold indicate statistical significance.
Abbreviations: BCVA, best-corrected visual acuity; CRT, central retinal thickness;
logMAR, logarithm of the minimum angle of resolution; MV, macular volume.

the independent variable in the multiple regression analyses
for determining the correlations with the visual outcomes.

Correlation between retinal morphology
at time of ME resolution and visual

outcomes

The presence of an intact ELM at the time of ME resolution
was significantly correlated with the BCVA and retinal
sensitivity 6 months after the treatment and at the final visit
(all P<<0.050, Table 4). The presence of an intact EZ at the
time of ME resolution was also significantly correlated with
the BCVA and retinal sensitivity at 6 months and the final
visit (all P<<0.050). In addition, the presence of an FB was
significantly correlated with the BCV A and retinal sensitivity
at 6 months and the final visit (all P<<0.050).

The PROS length after the ME resolution was signifi-
cantly correlated with the BCV A and retinal sensitivity at the
final visit (r=—0.373, P=0.010 for BCVA; r=0.324, P=0.027
for retinal sensitivity; Table 4). The PROS length at the time
of ME resolution was significantly correlated with the retinal
sensitivity at 6 months (#=0.368, P=0.011), but not with the
BCVA at 6 months (=—0.235, P=0.116).

Final visual acuity (logMAR)

-0.2 o0 ) [}
2 2.5 3 3.5 4 4.5 5 5.5

Macular volume before
treatment (mm?)

Figure 2 Correlation between the macular volume before treatment and the final
visual acuity.

Notes: The pretreatment macular volume is significantly correlated with the final
visual acuity (r=0.455, P<<0.001). The solid line represents the linear regression line
(y=0.239x —0.636).

Abbreviation: logMAR, logarithm of the minimum angle of resolution.
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Figure 3 Correlation between the macular volume before treatment and the final
retinal sensitivity.

Notes: The pretreatment macular volume is significantly correlated with the final
mean retinal sensitivity within the central 10 degrees (r=—0.438, P<<0.001). The solid
line represents the linear regression line; y=—2.688x +22.089.

Because the presence of an FB had a higher correlation
than the PROS length with the visual outcomes, the FB
instead of PROS length was used as the independent variable
in the multiple regression analyses.

Multiple regression analyses of OCT
parameters independently contributing

to the visual outcomes

Multiple regression analyses of the visual outcomes by the
baseline MV, intact ELM and EZ, and presence of an FB
at the time of ME resolution was performed. The multiple
regression analyses showed that the baseline MV had the
highest coefficient correlation with the BCVA and retinal
sensitivity at 6 months and the final visit (all P<<0.050,
Table 5).

Table 4 Correlation between retinal morphology at the time of macular edema resolution and visual outcomes

n ELM(+) ELM(-) Non-resolution P-value
22 24 11
Six months
BCVA (logMAR) 0.03440.183 0.250+0.257 0.474+0.419 <0.001
Retinal sensitivity (dB) 14.313.5 11.5£3.4 10.7+6.5 0.029
Final examination
BCVA (logMAR) 0.001+0.143 0.224+0.324 0.495+0.541 <0.001
Retinal sensitivity (dB) 14.613.4 12.0£3.5 10.9+6.3 0.029
n EZ(+) EZ(-) Non-resolution P-value
31 15 11
Six months
BCVA (logMAR) 0.099+0.247 0.245+0.226 0.474+0.419 0.002
Retinal sensitivity (dB) 14.0+3.6 10.8+2.8 10.7+6.5 0.013
Final examination
BCVA (logMAR) 0.047+0.166 0.263+0.389 0.495+0.541 <0.001
Retinal sensitivity (dB) 14.2+3.5 11.3£3.2 10.9+6.3 0.024
n FB(+) FB(-) Non-resolution P-value
20 26 11
Six months
BCVA (logMAR) 0.011+0.154 0.251+0.257 0.474+0.419 <0.001
Retinal sensitivity (dB) 14.8+3.2 11.4+3.3 10.7+6.5 0.008
Final examination
BCVA (logMAR) —0.014£0.133 0.219+0.314 0.495+0.541 <0.001
Retinal sensitivity (dB) 15.0+3.3 11.9+£3.4 10.9+6.3 0.013
PROS length
Six months
BCVA (logMAR) r=—0.235 P=0.116
Retinal sensitivity (dB) r=0.368 P=0.011
Final examination
BCVA (logMAR) r=—0.373 P=0.010
Retinal sensitivity (dB) r=0.324 P=0.027

Notes: Data presented as mean * standard deviation. P-values in bold indicate statistical significance.
Abbreviations: BCVA, best-corrected visual acuity; ELM, external limiting membrane; EZ, ellipsoid zone; FB, foveal bulge; logMAR, logarithm of the minimum angle of

resolution; PROS, photoreceptor outer segment.
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Table 5 Multiple regression analyses of OCT parameters inde-
pendently contributing to the visual outcomes

Visual outcomes ELM EZ FB MV
Six months
BCVA (logMAR) P=0.746  P=0.893 P=0.194 P<0.001
Retinal sensitivity (dB) ~ P=0.154  P=0.506  P=0.096 P<0.001
Final examination
BCVA (logMAR) P=0916 P=0.443 P=0.523 P=0.015
Retinal sensitivity (dB)  P=0.374  P=0.627 P=0.228 P=0.009

Note: P-values in bold indicate statistical significance.

Abbreviations: OCT, optical coherence tomography; BCVA, best-corrected
visual acuity; ELM, external limiting membrane; EZ, ellipsoid zone; FB, foveal bulge;
logMAR, logarithm of the minimum angle of resolution; MV, macular volume.

A forward stepwise method was used to determine the
factors most associated with the BCVA at 6 months and the
final visit. The highest correlations were for the BCVA at
6 months or the final visit, the baseline MV, and presence
of an FB with a determination coefficient (R?) of 0.459 and
0.331, respectively (both P<<0.001).

A forward stepwise method was also used to deter-
mine factors most associated with the retinal sensitivity at
6 months and the final visit. The highest correlation was
between the retinal sensitivity at 6 months or the final visit
and the baseline MV with R? 0f 0.257 and 0.192, respectively
(both P<<0.001).

Discussion

Hasegawa et al’ reported that the baseline BCVA, CRT,
integrity of the ELM, presence of subretinal fluid, FB beneath
the fovea, and age were all significantly correlated with the
final visual acuity after intravitreal injections of bevacizumab
or posterior sub-Tenon injection of triamcinolone acetonide.
Other studies have shown that the baseline BCVA, age, and
presence of subretinal fluid were predictive factors for the
final visual acuity in eyes after intravitreal injection of beva-
cizumab or grid laser photocoagulation for ME associated
with BRVOs.?*2¢ Ach et al?’ reported that the initial CRT
was a predictive factor for short- and long-term responses
to anti-VEGF treatment.

In our study, the CRT and MV before the treatment and
presence of intact ELM, EZ, and FB at the time of the ME
resolution were significantly correlated with the BCVA and
retinal sensitivity 6 months after the treatment and at the
final visit. On the other hand, Hasegawa et al’® reported that
the final decimal visual acuity varied from 0.3—1.2 after ME
resolution even with an intact EZ line at the central fovea.
Thus, they concluded that the presence of an intact EZ line
at the central fovea may not be a good indicator of the visual
recovery.

Kriechbaum et al*® reported that the functional parameters,
such as the BCVA, presence and size of a scotoma, and over-
all macular sensitivity were significantly associated with
the morphologic OCT findings after anti-VEGF therapy for
ME secondary to RVO. In their study, the CRT and mean
retinal thickness had an important impact on the BCVA.
They reported that the microperimetry outcomes had the
highest correlation with the CRT. Ota et al'® reported a
significant correlation between the baseline CRT and final
BCVA in patients with a BRVO and a persistent ME after
the treatments. Tsujikawa et al?’ reported that the CRT of
eyes with subretinal fluid secondary to an RVO was sig-
nificantly thicker than that of eyes without subretinal fluid.
The thicker CRT, which represents the severity of ME, may
lead to a disruption of the ELM integrity and damage the
photoreceptors.’

The multiple regression analyses showed that the pre-
treatment MV had the highest correlation with the post-
treatment BCVA and retinal sensitivity. Histologic studies
have shown that severe ME can affect the photoreceptor layer
in the fovea, which then results in photoreceptor dysfunction
and photoreceptor cell loss.** This may explain why pre-
treatment MV was a strong predictive factor for the visual
outcome after anti-VEGF therapy. Kang et al*® evaluated
the baseline SD-OCT characteristics of eyes with ME due to
BRVO for the visual outcome after intravitreal bevacizumab
injections. In their study, the strongest predictor of the final
BCVA was the degree of EZ integrity, followed by the integ-
rity of the ELM, and the baseline BCV A using stepwise mul-
tiple regression analysis. However, the pretreatment status
of the EZ and ELM in the SD-OCT images was sometimes
difficult to accurately evaluate because a thickened retina
or cystoid ME often reduces the signal intensity of the outer
retina. In fact, Kang et al® found that the integrity of the EZ
and ELM before treatment could not be evaluated in eight of
67 patients with ME due to BRVO. The authors suggested
that despite the advances in OCT resolution, it may still not
be effective in identifying the outer retinal architecture in
some eyes with ME due to BRVO. Shin et al'® also reported
that reduced backscattering from the EZ, ELM, and the other
outer retinal layer including the outer nuclear layer, retinal
pigment epithelium, and choroid was the result of a shadow-
ing effect rather than a disruption of these structures.

Our multiple regression analyses showed that the MV
had a higher coefficient of correlation and P-values with
the BCVA and retinal sensitivity than the CRT. Because the
CRT reflects the status of the ME of only the foveal area,
the MV had a higher impact on the posttreatment BCVA
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and retinal sensitivity than the CRT. In eyes with BRVO
before treatment, Yamaike et al®' reported that the retinal
sensitivity measured with the MP-1 was significantly cor-
related with mean retinal thickness, which is considered to
be a similar parameter as the MV, in the foveal sector and
in the other eight extrafoveal sectors of the OCT retinal
thickness map.

Shiono et al'? reported that the PROS length was a good
predictor of the postoperative BCVA for eyes that underwent
idiopathic epiretinal membrane surgery. In our study, the FB
was better correlated than the PROS length in the association
with the visual outcomes, but the reason why the FB had a
higher correlation was not determined. However, one of the
reasons may be that the PROS length could not be calculated
because of undetectable EZ in the eleven eyes which did
not have ME resolution. In addition, the PROS length was
manually measured by the caliper function with the built-in
software, and the measurements of PROS length may be
susceptible to measurement errors because the length is
relatively short compared to that of the other layers.*

The retinal sensitivity was significantly improved at 1,
3, and 6 months and at the final visit compared with the
baseline. Mylonas et al'® evaluated the microperimetry
changes in the retinal sensitivities in patients with acute ME
secondary to BRVO during a follow-up period of 12 months
with intravitreal ranibizumab treatment. The retinal sensitiv-
ity improved significantly under therapy from 9.47 dB at
baseline to 12.53 dB at 12 months which is consistent with
our results. The authors also reported that the size of the area
of absolute scotoma was reduced from 16% at baseline to
11.7% at 3 months and remained stable for the entire study
duration of 12 months. Mylonas et al"® reported that the CRT
was significantly correlated with the mean retinal sensitivity
at baseline. Our results showed that the CRT and MV before
the treatment and presence of intact ELM, EZ, and FB at the
time of the ME resolution were significantly correlated with
the mean retinal sensitivity 6 months after the treatment and
at the final visit.

This study has several limitations. First, the sample size
was relatively small, and the follow-up period was relatively
short. Further studies with a larger sample size and longer
follow-up periods would be required to confirm our find-
ings. The other limitation is that we included patients with
BRVO and those with CRVO, and both patients treated with
bevacizumab and those with ranibizumab. In addition, the
present study did not evaluate the degree of ischemic changes.
Although the ischemic grade might also have an impact on
visual prognosis, it is often difficult to analyze because of

extensive bleeding before treatment and the possibility of a
late conversion of nonischemic vein occlusion to ischemic
occlusion.” The last limitation is the use of scattered laser
photocoagulation in some patients. Peripheral laser might
affect the results because the laser treatment can decrease
the vitreous levels of VEGF.*

Conclusion

In conclusion, eyes with severe ME before the treatment or
with outer retinal impairments at the time of ME resolution
had worse visual outcome after anti-VEGF therapy for
RVO. Among the OCT parameters, the pretreatment MV
was a strong predictive factor for the visual outcome after
anti-VEGF therapy.
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