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Ocular microcirculation changes, measured with laser
speckle flowgraphy and optical coherence tomography
angiography, in branch retinal vein occlusion with macular

edema treated by ranibizumab
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Abstract

Purpose This study searched for early predictive
vascular biomarkers for visual outcomes in eyes with
macular edema caused by branch retinal vein occlu-
sion (BRVOME).

Methods Twenty-four eyes of 24 subjects with
BRVOME were treated with the intravitreal injection
of ranibizumab (IVR) for at least 6 months. We
measured mean blur rate (MBR) in the optic nerve
head (ONH) and vessel density (VD) in the macula
with laser speckle flowgraphy and optical coherence
tomography angiography, respectively.

Results  Six-month post-IVR best-corrected visual
acuity (BCVA) was correlated positively with age,
pre-IVR BCVA, 1-month post-IVR BCVA, 3-month
post-IVR BCVA and pre-IVR systolic blood pressure
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(P <0.001, P <0.001, P<0.001, P<0.001 and
P =0.02, respectively) and negatively with pre-IVR
overall MBR, 1-month post-IVR overall MBR,
6-month post-IVR overall MBR, 3-month post-IVR
deep retinal capillary plexus (DCP) VD and 6-month
post-IVR DCP VD (P =0.03, P =0.03, P =0.02,
P =0.01 and P = 0.005, respectively). Furthermore, a
multiple regression analysis showed that pre-IVR
overall MBR (B = — 0.67, P = 0.009) was among
independent prognostic factors predicting 6-month
post-IVR BCVA. Six-month post-IVR DCP VD was
also correlated with overall MBR at all time points.
Conclusion ONH blood flow may be a pre-IVR
biomarker of both visual outcomes and post-IVR deep
macular microcirculation in eyes with BRVOME.
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Introduction

Branch retinal vein occlusion (BRVO) and subsequent
macular edema (BRVOME) are common retinal
vascular conditions that cause severe visual distur-
bance. Previously, many kinds of approaches have
been introduced to treat BRVOME, such as the
intravitreal injection of anti-vascular endothelial
growth factor (VEGF) antibodies [1-3], intravitreal
or sub-Tenon’s injection of triamcinolone acetonide
(TA) [4], laser photocoagulation [5, 6] and pars plana
vitrectomy [7, 8]. Currently, anti-VEGF therapy is the
strongest evidence-based treatment, reaching evi-
dence level I [9]. Anti-VEGF therapy can improve
vision by temporarily blocking VEGF action and
subsequently reducing macular edema. There are
several types of anti-VEGF therapy in use clinically,
notably ranibizumab and aflibercept [10, 11]. Ranibi-
zumab is quickly cleared from the blood and does not
accumulate after multiple injections, and thus has no
significant effect on either serum or plasma VEGF
levels [10]. The intravitreal injection of ranibizumab
(IVR) has become a common treatment for retinal vein
occlusion (RVO) [2, 3]. However, it is still difficult to
predict the effect of IVR on visual outcomes in eyes
with BRVOME. There has been speculation that
macular vascular parameters might be predictive of
visual prognosis, but before treatment, it is difficult to
accurately evaluate these parameters because of the
presence of macular edema and intraretinal hemor-
rhage in BRVO.

Recently, two non-invasive tools have been intro-
duced that can measure ocular microcirculation:
optical coherence tomography angiography (OCTA)
and laser speckle flowgraphy (LSFG). OCTA can
produce high-quality images of the retinal vasculature
[12—-15] and has proven particularly useful in studies
of retinal diseases [16-20]. LSFG uses the laser
speckle phenomenon to enable the in vivo quantifica-
tion of circulation in the optic nerve head (ONH),
choroid and retinal vessels [21, 22]. LSFG has
contributed to recent research on glaucoma and other
retinal diseases by clarifying the impact of changes in
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ocular circulation [23, 24]. A few preliminary reports
have suggested that IVR treatment can lower intraoc-
ular circulation [25, 26], but none have provided
precise data on changes in ocular blood flow,
measured with both OCTA and LSFG, in eyes with
BRVOME after treatment with IVR.

Many parameters, including ocular vascularity,
should be evaluated to predict visual prognosis in
BRVOME [27, 28]. In this study, we retrospectively
determined whether the outcomes of IVR treatment
for BRVOME could be predicted by ocular vascular
parameters, measured with OCTA and LSFG.

Materials and methods
Patients

This was a retrospective, cross-sectional, single-center
study, and the procedures used were approved by the
Ethics Committee of Tohoku University Hospital. The
procedures conformed to the tenets of the Declaration
of Helsinki, and all patients provided written informed
consent. Twenty-four eyes of 24 patients with treat-
ment-naive BRVOME were followed between Febru-
ary 2017 and January 2018. All eyes received one
initial 0.5 mg/0.05 mL IVR treatment, followed by
additional pro re nata (PRN) IVR treatments. These
additional treatments were administered if central
macular thickness (CMT) exceeded 300 pm, cystoid
spaces formed, or there was an increase in serous
retinal detachment. No eyes received any other form
of treatment, including scatter or grid laser photoco-
agulation, steroid therapy, surgical intervention or
intravitreal injections of anti-VEGF agents other than
ranibizumab. We excluded patients with cataract (i.e.,
a lens nucleus with Emery—Little grade 2 or higher),
diabetic retinopathy or hypertensive retinopathy
before IVR. Only patients followed for a minimum
of 6 months were included in this study.

Ophthalmic examinations

The patients underwent comprehensive ophthalmo-
logic examinations including measurements of best-
corrected visual acuity (BCVA), intraocular pressure
(IOP) and axial length (IOL Master, Carl Zeiss
Meditec, Oberkochen, Germany), as well as slit-lamp
biomicroscopy, color fundus photography, indirect
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ophthalmoscopy, optical coherence tomography (Cir-
rus SD-OCT, Carl Zeiss Meditec, Inc., Dublin, CA,
USA, or Triton SS-OCT, Topcon Co., Tokyo, Japan),
OCTA (RS-3000 Advance, Nidek, Gamagori, Japan)
and LSFG (LSFG-NAVI, Softcare Co., Ltd., Fukuoka,
Japan), before IVR and 1, 3, 6 months after IVR.
BRVO was classified as ischemic or non-ischemic
based on fluorescein angiography findings of a non-
perfusion area greater than or less than 5 disc
diameters, respectively.

Retinal microvasculature imaging with OCTA

All subjects underwent OCTA scans of the macula. In
eyes with persistent macular edema, OCTA was
performed within 2 months of the last anti-VEGF
treatment before successful suppression of macular
edema. The RS-3000 software (NAVIS-EX 1.7.0)
automatically segments the vascular area into four
layers: the superficial retinal capillary plexus (SCP),
deep retinal capillary plexus (DCP), outer retina and
choroid. Default auto-segmentation of the SCP images
includes the vasculature, measured from the internal
limiting membrane to 8§ pm below the boundary between
the inner plexiform layer (IPL) and inner nuclear layer
(INL). DCP images include the vasculature from 13 um
below the boundary between the IPL and INL to 84 pum
below. We defined microvascular changes in the SCP,
DCP and foveal avascular zone (FAZ) area according to
previously reported methods based on the RS3000
software [29]. First, for each patient, we obtained a 3
X 3-mm scan centered on the fovea, showing visible
perfusion. Then, we converted this to a percentage value
to obtain vessel density (VD). We used FAZ area in the
SCP, but not in the DCP, because of its possible
measurement bias [30]. The pre-IVR OCTA values
were obtained from 18 of 24 eyes, after six eyes were
excluded because the images had poor quality (due to
artifacts, segmentation errors or a signal strength
index < 6) and the VD measurements consequently
had low reliability. These parameters were corrected for
axial length using the built-in software.

ONH microvasculature imaging with LSFG

LSFG-NAVI was used to evaluate ONH microcircu-
lation. The principles of LSFG have previously been
described in detail [31-33]. We obtained color maps
indicating mean blur rate (MBR), a relative measure

of blood flow velocity, which were automatically
divided with the accompanying LSFG software
(LSFG analyzer, version 3.1.59.0) into the large
vessel and tissue (i.e., capillary) areas of the ONH.
Therefore, LSFG can assess vessel MBR and tissue
MBR separately, in addition to overall MBR, in the
ONH. LSFG measurements were performed in tripli-
cate at each time point in all eyes. The average of these
measurements was then calculated for MBR.

Statistical analyses

The data are presented as mean =+ standard deviation.
The main outcome measures were 6-month post-IVR
BCVA and retinal microcirculation, as measured with
LSFG and OCTA. The Tukey—Kramer test was used to
evaluate differences in systolic blood pressure (SBP),
diastolic blood pressure (DBP), BCVA, CMT, over-
all MBR, vessel MBR, tissue MBR, SCP VD, DCP VD
and FAZ area between each time point. Spearman’s
rank correlation test was used to estimate the relation-
ships between 6-month post-IVR BCVA and age,
symptom duration, SBP, DBP, BCVA, CMT, over-
all MBR, vessel MBR, tissue MBR, SCP VD, DCP VD
and FAZ area at each time point. Spearman’s rank
correlation test was also used to estimate the relation-
ship between 6-month post-IVR OCTA-derived param-
eters and overall MBR at each time point. Separate
multiple linear regression analyses were performed to
analyze each independent variable: pre-IVR over-
all MBR, pre-IVR SBP and 1-month post-IVR DCP
VD, and determine their potential effect on 6-month
post-IVR BCVA. A receiver operating characteristic
(ROC) curve analysis was performed to assess the
ability of age, pre-IVR BCVA, pre-IVR overall MBR,
pre-IVR SBP and 1-month post-IVR DCP VD to
predict whether BCVA reached < 0 logarithmic min-
imum angle of resolution (logMAR) at 6 months after
IVR. Post-IVR time points were defined as the time
after initial IVR. All statistical analyses were per-
formed with JMP software (Pro version 10.0.2, SAS
Institute Japan Inc., Tokyo, Japan). Differences were
considered significant at P < 0.05.

Results

The clinical characteristics of the patients are shown in
Table 1. This study included 24 BRVOME eyes of
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24 subjects (8 males/16 females; mean age:
67.1 £ 11.9 YO). There were 17 eyes with major
BRVO and 7 eyes with macular BRVO. There were 16
eyes with ischemic BRVO and 8 eyes with non-
ischemic BRVO. The mean number of IVR treatments
was 2.8 + 1.3 during the first 6 months. During the
study, 15 of the 24 BRVOME eyes developed
recurrent macular edema. A comparison of clinical
parameters before and 1, 3 and 6 months after IVR
showed that SBP, DBP and CMT decreased, while
BCVA improved; these changes were all statistically
significant (P < 0.01, P < 0.001, P <0.001 and
P < 0.01, respectively, Table 1). However, these
parameters did not significantly change during the
post-IVR period (i.e., 1, 3 and 6 months post-IVR).
LSFG and OCTA parameters did not significantly
change during any time period.

Six-month post-IVR BCVA was correlated posi-
tively with age, pre-IVR SBP, pre-IVR BCVA,
I-month post-IVR BCVA and 3-month post-IVR
BCVA (P <0.001, P = 0.02,P <0.001,

Table 1 Patient characteristics

P < 0.001 and P < 0.001, respectively, Table 2) and
negatively with pre-IVR overall MBR, 1-month post-
IVR overall MBR, 6-month post-IVR overall MBR,
pre-IVR vessel MBR, 1-month post-IVR vessel MBR,
6-month post-IVR vessel MBR, 3-month post-IVR
DCP VD and 6-month post-IVR DCP VD (P = 0.03,
P=0.03, P=0.02, P=0.04, P=0.02, P <0.001,
P =0.01 and P = 0.005, respectively, Table 2). Fur-
thermore, there was a close association between pre-
IVR overall MBR and 6-month post-IVR BCVA in the

non-recurrent group (9 eyes) (r = — 0.71, P = 0.03),
but not in the recurrent group (15 eyes) (r = — 0.20,
P =0.49).

Multiple regression analysis confirmed that pre-
IVR overall MBR and pre-IVR SBP were indepen-
dent factors associated with 6-month post-IVR BCVA
(B= —0.67, P=0.009 and B =0.73, P = 0.004,
respectively, Table 3).

Six-month post-IVR SCP VD was correlated pos-
itively with 1-month post-IVR overall MBR
(P = 0.02, Table 4), but was not correlated with pre-

Fellow eye Affected eye P value in affected
eye

Pre-IVR Post-IVR Post-IVR (3M) Post-IVR All Post-
(IM) (6M) IVR

No. of eyes 24 24 24 24 24 - -

Age (YO) 67.1 £ 119 - - - - - -

Symptom duration 894 £ 111.2 - - - - - -

(days)

SBP (mmHg) 148.0 £ 12.0 - 1345 + 144 1338 £ 16.7 136.6 £+ 13.2 <0.01 0.80
DBP (mmHg) 933 £ 101 - 81.9 £+ 10.6 81.3 £ 10.5 80.3 £ 9.7 < 0.001 0.88
BCVA (logMAR) 0.00 £ 0.16 035 £ 0.24 0.25 £ 0.33 0.16 £ 0.25 0.09 + 0.24 <0.01 0.16
CMT (pum) 235.0 £ 329 480.8 &£ 155.6 257.5 £43.8 2632 £ 155.6 291.1 859 < 0.001 0.24
Overall MBR (AU) 23.0 £ 4.6 234 +53 21.1 £ 42 212 + 64 224+ 43 0.39 0.62
Vessel MBR (AU) 41.0 £ 83 40.2 £+ 8.5 383+ 73 374 +94 412+ 73 040 0.27
Tissue MBR (AU) 119 + 24 127 £ 23 11.4 £ 2.1 113 £ 2.6 11.6 £ 2.1 0.16 0.88
SCP VD (%) 542 £ 45 39.1 +£ 5.9% 404 £ 8.9 413 £58 41.6 £6.2 0.66* 0.84
DCP VD (%) 599 +£ 64 40.8 + 6.6* 41.1 £ 8.0 423 £5.7 432 £6.2 0.65* 0.59
FAZ (mm?) 042 £0.13  0.53 £0.35% 0.64 £ 0.51 0.61 £ 0.46 0.61 + 0.49 0.82* 0.97

Data are expressed as mean =+ standard deviation

IVR intravitreal injection of ranibizumab, SBP systolic blood pressure, DBP diastolic blood pressure, BCVA best-corrected visual
acuity, logMAR logarithmic minimum angle of resolution, CMT central macular thickness, MBR mean blur rate, AU arbitrary units,
SCP superficial retinal capillary plexus, DCP deep retinal capillary plexus, VD vessel density, FAZ foveal avascular zone

Post-IVR: time after initial [IVR

*Pre-IVR OCTA data are from 18 of 24 eyes, after six eyes were excluded due to image artifacts, segmentation errors or a signal

strength index < 6
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Table 2 Associations of 6-month post-IVR BCVA with the other parameters
Pre-IVR Post-IVR (1M) Post-IVR (3M) Post-IVR (6M)
Correlation P value  Correlation P value  Correlation P value  Correlation P value
coefficient coefficient coefficient coefficient
Age 0.70 < 0.001 - - - - - -
Symptom 0.31 0.15 - - - - - -
duration
SBP 0.46 0.02 0.04 0.88 0.28 0.22 0.09 0.67
DBP 0.01 0.95 — 0.07 0.76 —0.16 0.47 —0.32 0.14
BCVA 0.70 < 0.001 0.80 < 0.001 0.82 < 0.001 - -
CMT 0.06 0.79 —0.21 0.32 —0.32 0.12 — 0.09 0.67
Overall MBR — 045 0.03 — 0.46 0.03 —0.39 0.07 — 048 0.02
Vessel MBR — 043 0.04 — 0.50 0.02 — 042 0.05 — 0.69 < 0.001
Tissue MBR —0.24 0.27 —0.26 0.22 — 0.08 0.73 —0.30 0.18
SCP VD — 0.29% 0.22* —0.14 0.53 —0.33 0.12 —0.33 0.12
DCP VD — 0.37% 0.10¥ —0.36 0.09 — 0.51 0.01 — 0.56 0.005
FAZ 0.17* 0.46* 0.23 0.29 0.21 0.33 0.26 0.23

Post-IVR: time after initial IVR

IVR intravitreal injection of ranibizumab, SBP systolic blood pressure, DBP diastolic blood pressure, BCVA best-corrected visual
acuity, CMT central macular thickness, MBR mean blur rate, SCP superficial retinal capillary plexus, DCP deep retinal capillary

plexus, VD vessel density, FAZ foveal avascular zone

*Pre-IVR OCTA data are from 18 of 24 eyes, after six eyes were excluded due to image artifacts, segmentation errors or signal

strength index < 6

IVR overall MBR, 3-month post-IVR overall MBR or
6-month post-IVR overall MBR. Six-month post-IVR
DCP VD was correlated positively with pre-IVR overall
MBR, 1-month post-IVR overall MBR, 3-month post-
IVR overall MBR and 6-month post-IVR overall MBR
(P =0.008, P = 0.004, P = 0.02 and P = 0.002, respec-
tively, Table 4). Six-month post-IVR FAZ was not
correlated with overall MBR at any time point (Table 4).
The ROC curves for age, pre-IVR BCVA, pre-IVR
overall MBR, pre-IVR SBP and 1-month post-
IVR DCP VD are shown in Fig. 1, representing the
ability of these parameters to predict a good BCVA
outcome (logMAR < 0). The predictive ability of age,
pre-IVR BCVA, pre-IVR overall MBR, pre-IVR SBP
and 1-month post-IVR DCP VD was 0.92 (95%
confidence interval [CI] 0.81-1.03), 0.91 (95% CI
0.78-1.03), 0.75 (95% CI 0.53-0.96), 0.68 (95% CI
0.45-0.92) and 0.64 (95% CI 0.39-0.89), respectively.
The cut-off values for age, pre-IVR BCVA, pre-IVR
overall MBR, pre-IVR SBP and 1-month post-IVR
DCP VD were 70.0 YO, 0.40 logMAR, 22.0 arbitrary
units (AU), 150 mmHg and 43.5%, respectively.
Two representative cases are shown in Figs. 2 and
3. These BRVOME cases had similar ages and BCVA

and different BRVO types. They differed in pre-IVR
overall MBR and subsequently had different 6-month
post-IVR BCVA, showing the contrast in outcomes.

Discussion

In this study, we used LSFG and OCTA to measure
ocular microcirculation in patients with BRVOME
before and after they underwent treatment with IVR,
and searched for pre-IVR predictors of visual out-
comes. We found that BCVA and CMT improved after
IVR and that MBR in the ONH was stable throughout
the period of the study. Furthermore, 6-month post-
IVR BCVA was positively correlated with age, pre-
IVR SBP, pre-IVR BCVA, 1-month post-IVR
BCVA and 3-month post-IVR BCVA, and negatively
correlated with pre-IVR overall MBR, 1-month post-
IVR overall MBR, 6-month post-IVR overall MBR,
pre-IVR vessel MBR, 1-month post-IVR vessel MBR,
6-month post-IVR vessel MBR, 3-month post-IVR
DCP VD and 6-month post-IVR DCP VD. Moreover,
a multiple regression analysis showed that pre-IVR
overall MBR and pre-IVR SBP were independent
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Table 3 Multiple regression analysis of factors independently contributing to 6-month post-IVR BCVA

Dependent Independent B P value
Variables
6M post-IVR BCVA (logMAR) Pre-IVR overall MBR (AU) — 0.67 0.009
Pre-IVR SBP (mmHg) 0.73 0.004
1M post-IVR DCP VD (%) 0.44 0.10

IVR intravitreal injection of ranibizumab, BCVA best-corrected visual acuity, logMAR logarithmic minimum angle of resolution,
MBR mean blur rate, AU arbitrary units, SBP systolic blood pressure, DCP deep retinal capillary plexus, VD vessel density

Post-IVR: time after initial IVR

Table 4 Associations of 6-month post-IVR OCTA parameters with overall MBR at various time points

6M post-IVR SCP VD

6M post-IVR DCP VD

6M post-IVR FAZ

Correlation coefficient P value  Correlation coefficient P value  Correlation coefficient P value
Overall MBR
Pre-IVR 0.32 0.15 0.55 0.008 — 043 0.05
Post-IVR (IM)  0.48 0.02 0.59 0.004 - 0.21 0.34
Post-IVR 3M)  0.26 0.25 0.49 0.02 - 022 0.32
Post-IVR (6M)  0.23 0.29 0.63 0.002 —0.16 0.49

IVR intravitreal injection of ranibizumab, SCP superficial retinal capillary plexus, DCP deep retinal capillary plexus, VD vessel

density, FAZ foveal avascular zone, MBR mean blur rate
Post-IVR: time after initial IVR

prognostic factors predictive of 6-month post-IVR
BCVA. Finally, 6-month post-IVR DCP VD was also
correlated with overall MBR at all time points.

Does IVR change ocular blood flow in the macula
or ONH?

The effect of IVR on ocular blood flow in the macula
and ONH remains unclear, although our current results
suggest that IVR did not change ONH blood flow in
either the vessel or tissue areas. This reinforces a
previous study of intravitreal bevacizumab (IVB), a
well known anti-VEGF treatment, which found that
MBR in the retinal artery, retinal vein or ONH did not
change significantly 1 week or 1 month after IVB in
eyes with BRVOME [34]. However, that study found
that by contrast, MBR in the retinal artery, retinal vein
and ONH decreased significantly in eyes with diabetic
macular edema (DME) after IVB. This may have been
because retinal autoregulation is more impaired in
DME than in BRVOME. Many studies have reported
that inducible nitric oxide synthase (iNOS) is
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upregulated in diabetes [35, 36], with subsequent
capillary degeneration, pericyte loss and permeability
[37,38]. Vascular resistance increases and the velocity
of blood flow in the ophthalmic artery decreases in
diabetes [39]. Thus, a further decrease in retinal
circulation caused by anti-VEGF therapy might lead to
macular ischemia in patients with diabetes [40, 41].
It is relatively difficult to precisely measure SCP
and DCP VD before IVR in BRVOME patients,
because macular edema and intraretinal hemorrhage
obscure images of the retina, reducing their reliability.
In the current study, the images from six of 24 eyes had
poor quality and could not reliably be used for pre-IVR
VD measurements. Thus, we confined the analysis to
the remaining 18 eyes. A previous analysis of 30 eyes
with RVO showed that SCP VD was not reduced,
while DCP VD was reduced, at baseline and did not
change 1 month after IVR, though seven out of these
30 eyes were, like in our study, excluded from the final
OCTA analysis because of poor image quality [42].
The current study also confirmed another analysis
(that included 48 eyes with RVO treated with
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AUC 95% CI Cut-off value Sensitivity  Specificity
Age 0.92 0.81-1.03 70.0 YO 0.89 0.85
Pre-IVR BCVA 0.91 0.78-1.03 0.40 logMAR 0.89 0.77
Pre-IVR overall MBR 0.75 0.53-0.96 22.0 AU 0.78 0.69
Pre-IVR SBP 0.68 0.45-0.92 150 mmHg 0.67 0.69
IM post-IVR DCP VD 0.64 0.39-0.89 43.5% 0.89 0.61

Fig.1 ROC curves showing the AUCs for age, pre-IVR BCVA,
pre-IVR overall MBR, pre-IVR SBP and 1-month post-IVR
DCP VD to predict good 6-month post-IVR BCVA (logMAR
< 0). The predictive abilities of age, pre-IVR BCVA, pre-IVR
overall MBR, pre-IVR SBP and 1-month post-IVR DCP VD for
a good BCVA outcome were 0.92 (95% CI 0.81-1.03), 0.91

ranibizumab or aflibercept under a PRN protocol) that
showed that macular VD in neither the SCP nor DCP
changed significantly for 12 months [43]. Thus, we
believe that IVR should allow the improvement in
BCVA and CMT in eyes with BRVOME, without
changing blood flow in the macula or ONH.

Predicting 6-month post-IVR BCVA

Predicting visual outcomes based on pre-IVR ocular
vascular parameters remains difficult in BRVOME
patients. In the current study, MBR in the ONH was
stable throughout the follow-up period. Univariate and
multivariate analyses showed that pre-IVR overall
MBR was closely associated with 6-month post-IVR

(95% CI 0.78-1.03), 0.75 (95% CI 0.53-0.96), 0.68 (95% CI
0.45-0.92) and 0.64 (95% CI 0.39-0.89), respectively. The cut-
off values for age, pre-IVR BCVA, pre-IVR overall MBR, pre-
IVR SBP and 1-month post-IVR DCP VD were 70.0 YO, 0.40
logMAR, 22.0 AU, 150 mmHg and 43.5%, respectively

BCVA, which was enhanced in the non-recurrent
group. Though it is difficult to explain this finding at
this stage of our research, we speculate that when
ocular blood flow is preserved in eyes with BRVOME,
it improves their capacity for neurological recovery
after the resolution of macular edema with IVR.
Interestingly, 6-month post-IVR DCP VD was corre-
lated with overall MBR at all time points. Importantly,
the closest association was between 6-month post-IVR
DCP VD and 6-month post-IVR overall MBR. This
suggests that ONH blood flow reflects the macu-
lar condition of the DCP. We believe these findings
are reasonable because preservation of the deep
macular vasculature has recently been suggested to
be critical for ensuring good visual function in
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Case 1

Fig. 2 A representative case in which 6-month post-IVR
BCVA showed poor recovery. This case was a 77-year-old
female with macular BRVOME. Pre-IVR decimal BCVA was
0.4. BCVA did not improve; 6-month post-IVR decimal BCVA
remained at 0.2. a Fundus photography before IVR. b Pre-IVR
overall MBR was 16.6 AU. ¢ Pre-IVR CMT was 290 pm. There
were disturbances in the interdigitation zone, ellipsoid zone and

BRVOME patients. A previous study reported that
good BCVA at 12 months was significantly associated
with good VD in the SCP and DCP, both at baseline
and at 12 months, in an analysis of 48 eyes with RVO
treated with ranibizumab or aflibercept under a PRN
protocol [43]. Another study used a stepwise multiple
regression analysis and found that the vascular perfu-
sion area in the DCP was the most closely correlated
parameter with BCVA in eyes with resolved
BRVOME [44]. Finally, a study used a multivariate
analysis to show that deep parafoveal VD was
associated with BCVA in eyes with BRVO or
central RVO (CRVO) [45]. Thus, pre-IVR measure-
ment of overall MBR might be a complementary tool
to predict the post-IVR visual prognosis in patients with
BRVOME. We concentrated on overall MBR in this
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ELM line. d Fundus photography 6 months after IVR. e Six-
month post-IVR MBR was 18.5 AU. f Six-month post-IVR
CMT was 205 pm. Macular structure recovered, but distur-
bances remained in the interdigitation zone, ellipsoid zone and
ELM line in the fovea. g Six-month post-IVR FAZ area in the
SCP was 0.61 mm>. h Six-month post-IVR DCP VD was 29.7%

study, because overall MBR is easier to measure and
showed close associations with DCP VD in our data.
Parameters other than ocular vascular parameters
have previously been investigated in efforts to predict
visual outcomes. Pre-treatment visual function and
patient age have been reported to be closely associated
with visual outcomes, and BRVOME eyes with better
pre-IVR BCVA or younger age appeared to have
better post-IVR BCVA [27, 28, 46]. These findings
were confirmed in the current study. Previous studies
also reported that a longer duration of symptoms was a
negative predictive factor for visual outcomes after
IVR [47], but this was not confirmed in our study. The
integrity of the external limiting membrane (ELM) has
also been shown to be an independent factor predictive
of post-IVR BCVA [46]. One of our representative
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Case 2

a

Fig. 3 A representative case in which 6-month post-IVR
BCVA showed good recovery. This case was a 76-year-old male
with major BRVOME. Pre-IVR decimal BCVA was 0.5, and
6-month post-IVR decimal BCVA recovered to 1.2. a Fundus
photography before IVR. b Pre-IVR overall MBR was 29.6 AU.
¢ Pre-IVR CMT was 289 pm. There were only slight
disturbances in the interdigitation zone, ellipsoid zone and

cases (Case 1), which showed no improvement in post-
IVR BCVA, also had a disrupted ellipsoid zone and
ELM line before IVR. This suggests that analysis of
the outer retinal layers might also have the potential to
predict post-IVR visual function. Furthermore, foveal
subretinal hemorrhage, an uncommon feature of
BRVOME, may cause subsequent damage to the
foveal photoreceptor layer, resulting in poor visual
function [48]. In the current study, pre-IVR SBP was
closely associated with 6-month post-IVR BCVA, i.e.,
higher SBP leads to worse BCVA after IVR. This
finding is understandable because hypertension is
known as a risk factor for the 10-year incidence of
RVO [49], and in patients with CRVO, better resolu-
tion of macular edema after IVB is seen in individuals
with SBP less than 120 mmHg [50].

ELM line. d Fundus photography 6 months after IVR. e Six-
month post-IVR MBR was 29.2 AU. f Six-month post-IVR
CMT was 226 pm. Macular structure recovered and there were
no remaining disturbances in the interdigitation zone, ellipsoid
zone or ELM line in the fovea. g Six-month post-IVR FAZ area
in the SCP was 0.69 mm?. h Six-month post-IVR DCP VD was
49.2%

Limitations and advantages

Our study was limited by a small sample size, short
follow-up period and the use of pre-IVR OCTA data
from 18 of 24 eyes after six eyes were excluded due to
poor pre-IVR image quality. Furthermore, though we
aimed to predict visual outcomes based on ocular
vascular parameters, rather than non-vascular param-
eters such as age or pre-IVR BCV A, we were not able
to find more than a moderate relationship between pre-
IVR overall MBR and 6-month post-IVR BCVA.
AUCs greater than 0.75 were obtained only for age,
pre-IVR BCVA and pre-IVR overall MBR, but the
AUC:s for age and pre-IVR BCVA were higher than
for pre-IVR overall MBR. Nevertheless, these results
are the first to show, using both OCTA and LSFG, that
blood flow in the ONH is stable during IVR therapy
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and is associated with post-IVR BCVA as well as post-
IVR DCP VD. Furthermore, reliable pre-IVR OCTA
data were harder to obtain than reliable pre-IVR LSFG
data; 25% (6/24) of the pre-IVR OCTA data were
unusable, versus 0% for pre-IVR LSFG data. Though
some investigators have reported that short-term post-
IVR parameters, such as measurements on the first
post-treatment day or the time to initial resolution of
the macular edema, may predict the long-term effects
of IVR in BRVOME [51, 52], we believe that pre-IVR
prediction would be the ideal method for patients and
ophthalmologists and that measuring ONH blood flow
with LSFG still has promise as a simple-to-use tool for
such prediction. Furthermore, we calculated the sta-
tistical power of our multiple regression analysis with
software (Free Statistics Calculators v. 4.0; https://
www.danielsoper.com/statcalc/default.aspx), and the
observed statistical power of our analysis was 0.94,
confirming that our main results were reliable.

We observed that SBP and DBP did not increase,
but rather decreased after the initial IVR treatment.
Though previous studies have reported that IVR has
no impact on blood pressure [53, 54], since more than
50% of RVO patients have hypertension [55], it
is important not to increase blood pressure during
therapy for BRVOME. We believe that IVR might be
a safe approach that does not cause severe systemic
complications in eyes with BRVOME.

Conclusion

We found that post-IVR BCVA was associated with
age, pre-IVR SBP and pre-IVR BCVA, meaning that
younger age, lower blood pressure or better visual
acuity led to better visual outcomes after IVR treat-
ment for BRVOME. Importantly, we also found that
overall MBR did not change after IVR treatment, but
that it may be a predictor of late post-IVR BCVA in
BRVOME, as well as of late post-IVR DCP VD.
Furthermore, we observed a close association between
late post-IVR BCVA and late post-IVR DCP VD.
Thus, there was a mutual relationship between visual
function, deep macular microcirculation and ONH
blood flow. LSFG measurements of ONH microcir-
culation may be valuable to predict visual outcomes in
BRVOME patients undergoing IVR treatment. We
believe that the current results could shed light on the

@ Springer

improvement in prediction of visual outcomes after
IVR treatment in BRVOME patients.
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