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Fig. 1. Changes in expression of mRNA for GIDNF-related genes and
their receptors on days 3, 7, and 10 after axotomy. A: Representative
gel images of RT-PCR. products. B: Quantitative data of real time
RT-PCR on days 1, 3, 7, and 10 after axotomy; ¢, control. *P < 0.05.

secondary antibody (1:200, Alexa Fluor-488; Molecular Probes)
at RT for 1 hr, and rinsed again with PBS (3 X 5 min). Eight-
well chamber slides were mounted with Vectashield mounting
medium with DAPI. Controls were stained by omitting the pri-
mary antibody. Samples were arranged in a pseudorandomized
manner on the plates so that the investigator would not be
aware of their identity when quantifying p3-tubulin-positive
R GCs. The number of B3-tubulin-positive RGCs was counted
in the following manner. Ten random fields per well were cap-
tured with a fluorescent microscope (X20 objective) equipped
with an imaging system, and the B3-tubulin-positive RGCs
were counted in Image]. RGCs with axons greater than two
RGC diameters in length were defined as RGCs with neurite
outgrowths. Values are the mean = SEM of four replicate wells.
Experiments were repeated at least three times. For inhibitor
studies, we added U0126, LY294002, SB203829, or JNK2
(Merck-Millipore, Billerica, MA) to the culture medium, and
30 min later ARTN was administered at a final concentration
of 1, 10, or 100 ng/ml.

Statistical Analysis

The data from the experimental and control groups were
analyzed with ANOVA followed by Scheffé post hoc test in
StatView 4.11] software (Abacus Concepts, Berkeley, CA).
Statistical analysis for optic nerve regeneration in vivo was
performed with the Tukey honest significant difference test. All
values were expressed as mean % standard deviation. P <0.05
was considered statistically significant.
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Fig. 2. Changes in expression of protein for GFRa3 on days 3 and 7
after axotomy. A: Representative images of immunoblot of sham, day
3, and day7 after axotomy. Upper panel, GFRa3; lower panel,
B-actin. B: Quantitative data of immunc blot of GFRa3/B-actin 3
days after axotomy. *P < 0.05.

RESULTS

RNA Expression of GFR-Related Genes After
Optic Nerve Axotomy

To investigate expressional changes of GFR -related
genes after optic nerve axotomy, we performed real-time
RT-PCR with several primer sets including GFR -related
genes and their coreceptor, Ret. We harvested neural ret-
inas at various time points (control and days 1, 3, 7, and
10) after optic nerve axotomy. Real-time PCR data
showed that the expression of GFRa3 increased greater
than tenfold 3 days after axotomy (P<0.01; Fig. 1),
whereas other members of the GFR family (GFRal and
GFR2) were unchanged on day 3. On day 7 after axot-
omy, the expression of GFRa1 was significantly increased
(1.5-fold, P < 0.05), and induction of GFRa3 expression
was less than on day 3 but still significantly greater than
baseline (threefold; P < 0.05). On day 10 after axotomy,
the expression of all GFR-related genes had returned to
control levels. The expression of Ret remained constant
during this time period (Fig. 1). We next investigated the
protein expression on days 3 and 7 after axotomy.
GFRa3 protein had increased significantly by day 3 after
axotomy compared with the sham-treated eyes
(2.65 = 0.2-fold, P<0.05; Fig. 2). Immunoblot and
immunohistochemistry (IHC) showed that immunoreac-
tivity for GFRa3 antibodies was active in the GCL and
inner nuclear layer (INL) and slightly active in the inner
plexiform layer (IPL; Fig. 3A). On day 3 after axotomy,
immunoreactivity for GFRa3 antibodies was significant

Journal of Neuroscience Research



-

Role of Artemin on Axonal Growth 1641

Fig. 3. Representative confocal microscopy photographs of immunohistochemical staining in adult
rat retinas with GFRa3 antibodies with or without axotomy. A-C: Control retina. D=J: Day 3
after axotomy. A,D,G: Immunoreactivity of GFRa3 antibody. B,E,I: Merged images. C,FJ: DAPI
nuclear staining. H: Immunorcactivity of Brn3a, an RGC marker. The arrows show RGCs with
colocalized GFRa3 and Brn3a. GCL, ganglion cell layer; IPL, inner plexiform layer; INL, inner

nuclear layer; OPL, outer plexiform layer. Scale bars = 50 pum.

in the inner retina, including the GCL, IPL, and INL
(Fig. 3D). GFRa3 protein was colocalized in the Brn3a-
positive RGCs (Fig. 3G-I). These data suggest that
GFRa3 is dramatically upregulated following axonal
injury at a critical point for RGC survival.

GFRa3 Expression During Retinal Development

Axonal damage can activate neurons’ intrinsic axo-
nal growth program, which partially recapitulates an ear-
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lier developmental state of neurons (Wang et al., 2007).
This possibility prompted us to investigate the expression
of GFRa3 and other GFRs during retinal development.
Real time RT-PCR showed that the pattern of GFR-
family gene expression changed dramatically over the
course of retinal development. At embryonic day 14
(E14), the neuroblastic layer (NBL) had just formed
(Nakazawa et al., 2000, 2002a), and the expression of
GFRa3 stood out among all GFR family members (Fig.
4). At E17, two cellular layers could be distinguished in
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Fig. 4. Developmental profiles of mRNA expression for GDNEF-

related genes. A: Representative gel images of RT-PCR products. B:
Quantitative data of RT-PCR at E14, E17, P1, P7, and P14. E,
embryonic day; P, postnatal day.

the NBL and GFRal and GFRa3 were expressed, but
GFRa2 expression remained weak. This pattern
remained substantially unchanged at postnatal day 1 (P1),
when the GCL is separated from the NBL. At P7, the
outer plexiform layer (OPL) has formed, and the INL and
outer nuclear layer (ONL) can be distinguished. Here,
GFRal expression decreased and GFRa3 expression
remained high, whereas GFRa2 expression began to
increase. At P14, retinal layer structure is very similar to
adult retinal layer structure, and expression of GFRal
and GFRa2 increased, whereas the expression of GFRa3
decreased. The expression of Ret was detectable from
E17, and the level of Ret mRNA was constant through
P14. These data suggest that the expression of GFRa3 is
highest in the immature retina and then declines, whereas
GFRal and GFRa2 are highly expressed in the mature
retina. The expression of GFRa3 appears earlier than that
of Ret, at E14.

To investigate the distribution of GFRa3 protein in
the developing retina further, we performed IHC by
using an anti-GFR a3 antibody. At P1, GFRa3 immuno-
reactivity was detected in the entire retina but was stron-
ger in the cells of the GCL than in the NBL (Fig. 5). At
P7, the expression of GFRa3 was strongest in the GCL,
IPL, and inner margin of INL. At P14, GFRa3 was
detected in the GCL, IPL, inner margin of INL, OPL,
and outer segment. These data indicate that, during
development, GFR a3 1s expressed at its highest levels in
the inner retina, including the GCL, IPL, and INL.
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Fig. 5. Immunohistochemical staining with a GFRa3 antibody in the
developing retina. Upper pancls show results at P1, middle pancls at
P7, and lower panels at P14 after birth. Left images are THC for
GFRa3 and right images are DAPI nuclear staining. P, postnatal day;
GCL, ganglion cell layer; IPL, inner plexiform layer; NBL, ncuroblas-
tic layer; INL, inner nuclear layer; OPL, outer plexiform layer; ONL,
outer nuclear layer.

Neuroprotective Effect of GFRa3

Next, we investigated the neuroprotective effect of
GDNF-family proteins on RGCs in dissociated adult rat
primary cultures. We found that GDNF, NRTN, and
ARTN all had a neuroprotective effect on adult RGCs at
a concentration of more than 10 ng/ml (Fig. 6A-E). To
examine the signaling pathway, we treated cells with sev-
eral pathway inhibitors (U0126 as an MEK inhibitor,
LY294002 as a PI3K inhibitor, SB203580 to inhibit p38,
and JNK2 to inhibit JNK) in the presence or absence of
ARTN (Fig. 6F). Baselines diftered with kinase inhibitors
in these cultures. Specifically, inhibition of the p38 and
JNK pathways had a significant neuroprotective effect on
dissociated RGCs in vitro. The quantitative count on the
surviving RGCs suggested that the neuroprotective effect
of ARTN was suppressed by MAPK and PI3K inhibitors
but not by inhibitors of p38 and JNK, suggesting that the
neuroprotective effect on cultured RGCs occurs through
the MAPK and PI3K signaling pathways.

Journal of Neuroscience Research
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Fig. 6. Representative images of surviving B3-tubulin-positive RGCs
following stimulation with GDNF-related proteins in vitro. A: PBS.
B: GDNF. C: NTRN. D: ARTN. E: Quantitative data of B3-
tubulin-positive RGCs with different doses of GIDNF-related proteins
after 24 hr in vitro. *P < 0.05 compared with control without trophic
factors. F: Quantitative data of B3-tubulin-positive RGCs following
treatment with ARTN combined with signaling inhibitors after 24 hr
in vitro. D, DMSO; L, LY294002; U, U0126; S, SB203580; J, JNK
inhibitor II. *P<0.05 compared with ARTN with DMSO;
P<0.05 compared with ARTN™ condition with DMSO. Scale
bar =50 pm.
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To investigate whether GDNF family members
have a neuroprotective effect on RGCs, we examined the
effects of GDNF, NRTN, and ARTN on the survival of
axotomized RGCs in vivo. Ten days after optic nerve
damage and intravitreal injection of GDNF family mem-
bers (1 pg per eye), the retina was harvested, and the den-
sity of FG-positive RGCs was counted. The density of
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Fig. 7. Representative photographs of FG-labeled RGCs on day 10
after axotomy. A: Axotomy with intravitreal administration of PBS.
B: GDNF. C: NRTN. D: ARTN. E: Quantitative data of surviving
FG-positive RGCs 10 days after axotomy following treatment with
PBS, GDNF, NTRN, and ARTN. *P<0.05, **P<(.01. Scale
bar =100 pum.

FG-labeled RGCs was found to be 415 + 50 cells/mm?>
after injecting PBS (n =10), 1,013 £ 150 with GDNF
(n=10; P<0.0001), 1,143 = 150 with NRTN (n = 10,
P<0.0001), and 935* 107 with ARTN (n=10,
P=0.001; Fig. 7). There was a significant difference
between NRTN and ARTN (P=0.045). These data
suggest that GDNF family proteins have a neuroprotec-
tive effect on axotomized R GCs.

Effect of Axonal Regeneration in Vivo and in
Vitro

At E14, developing RGCs extend their axons
toward the brain, and expression of GFRa3 is much
higher than GFRal and GFRa2 at this time point. This
developmental profile of GFRa3 led us to investigate the
effect of ARTN on axonal growth after injury in adult
animals. No significant differences were found in surviv-
ing RGCs after 72 hr in vitro with antioxidants and treat-
ment with PBS (40.3 £ 6.6 cells per field; CPF), GDNF
(52.4 *+ 9.4 CPF), NRTN (58.3 7.9 CPF), or ARTN
(54.7 £ 12.0 CPF). Therefore, we showed the percentage
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in order to compare the different conditions. In culture,
ARTN had a strong effect on axon outgrowth after
72 hr, whereas GDNF and NRTN did not (Fig. 8). We
also detected similar effects of ARTN on axonal regener-
ation in vivo with multiple administrations (Fig. 9). These
results indicate that, among GDNF family members,
ARTN and its receptor GFRa3 have a unique eftect on
axonal growth of RGCs.

DISCUSSION

This study demonstrates that optic nerve injury induces
the upregulation of GFRa3 within 3 days, a critical time
point for determining the fate of injured RGCs. To gain
insight into the role of GFRa3 after axotomy, we investi-
gated its expression during retinal development and found
that, among GDNF family members, the expression of
GFRa3 was particularly high throughout embryonic
development and in the early postnatal period, then grad-
ually decreased at later stages of maturation. Profiles of
GFRal and GFRa2 expression were very different from
that of GFRa3, suggesting substantial differences in the
roles of different GFR. family members during develop-
ment. To examine the role of GFR«a3 further, we
assessed the effects of ARTN on RGC survival and axon
regeneration both in vivo and in vitro. All of the GDNF
family members (GDNF, NRTN, and ARTN) had neu-
roprotective effects on axotomized RGCs. Investigation
of intracellular signaling pathways suggested that the neu-
roprotective effect of ARTN was through the MAPK
and PI3K signaling pathways. However, among GDNF
family members, ARTN alone stimulated the regrowth of
R GC axons both in vivo and in vitro. These findings sug-
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Fig. 9. Representative photographs of axonal regeneration following
multiple injections of GIDNF-related proteins in vivo. Stars indicate
the crush site. A: PBS. B: GDNF. C: NTRN. D: ARTN. E: Quan-
titative data of B3-tubulin-positive RGCs with axonal growth at dis-
tances of 250, 500, and 1,000 pm on day 21 after optic nerve crush.
*P < 0.05 compared with vehicle control in the same points.

gest that the ARTN-GFR a3 pathway contributes to the
survival and axonal growth of axotomized RGCs in a
way that is unique among GDNF family members.

The present study indicates that both GDNF and
NRTN had a neuroprotective effect on axotomized
R GCs. This is in agreement with the findings of previous
studies that used RGC injury models (Koeberle and Ball,
2002; Ozden and Isenmann, 2004; Ward et al., 2007).
Here, we also report for the first time that ARTN had a
neuroprotective effect on axotomized R GCs. The neuro-
protective effect of NRTN was strongest among GDNF
family members, whereas the neuroprotective effect of
ARTN was weaker than that of the other members. One
possibility is that the roles of ARTN and GFRa3 might
differ in RGC survival and axonal growth.

Seventy-two hours after axotomy, the expression of
GFRa3, the embryonically dominant form of the GFR
tamily, was significantly upregulated. Previously, we had
shown that RB3, a tubulin disassembly factor, is also
upregulated in the GCL and peaks at 3 days after optic
nerve axotomy (Nakazawa et al., 2005a). Tubulin remod-
eling is a critical step for axonal growth. Furthermore,

Journal of Neuroscience Research



microarray analysis with axotomized purified RGCs
shows that significant changes in gene expression are an
essential aspect of the growth phase of axotomized RGCs
(Fischer et al., 2004). These data suggest that 3 days after
axotomy is a critical time point for determining the fate
of RGCs.

The eftect of GDNF on axonal growth was previ-
ously reported to be weak in vitro (Yin et al., 2003), and,
in agreement with this finding, we found that GDNF and
NRTN have no effects on axonal growth. Unlike GDNF
and NRTN, ARTN promotes axonal growth in mature
RGCs and might play a similar role in development, as
suggested by the high levels of GFRa3 expression during
development and in the early postnatal period when
R GCs are forming their connections and decline in matu-
rity. ARTN has also been shown to activate axonal
growth in the mature DRG via SFK- and extracellular
signal-related kinase-dependent signaling pathways (Jeong
et al., 2008). Like ARTN, Bcl-2-associated athanogene-1
has been reported to have dual effects on neuroprotection
and axonal growth in axotomized RGCs, inducing a
translocation of Raf-1 and ROCK2 and interaction with
the inhibitory ROCK signaling cascade, which results in
dual effects on the prevention of apoptosis and axonal
regrowth (Planchamp et al., 2008). Phosphotase and ten-
sin homolog gene deletion also stimulates both RGC sur-
vival and axon regeneration after axotomy. (Park et al.,
2008) Thus, although several factors have been reported
to stimulate axon outgrowth alone (oncomodulin; Kuri-
moto et al., 2010) or survival alone (e.g., bcl2 overexpres-
sion [Chierzi et al., 1999], GDNF [this study], and
BDNEF [Pernet and Di Polo, 2006]), ARTN is among the
factors that stimulate both cell survival and axonal growth.
In conclusion, we have demonstrated that increased
expression of GFRa3 and ARTN stumulate axonal
growth both in vivo and in vitro. Additional study using
anti-AR TN antibodies, a specific inhibitor of GFRa3, or
GFRa3-deficient mice will be required to conclude that
this pathway was critical for axon regeneration after nerve
crush. However, the GFRa3-dependent pathway may be
an attractive target to stimulate the survival and regenera-
tive capacity of RGCs following optic nerve injury.
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Background: This study evaluated the effect of intravitreal injection of bevacizumab (TVB)
on macular edema associated with diabetic retinopathy (DME) or branch retinal vein occlusion
(BRVOME) using laser speckle flowgraphy.

Methods: A comparative interventional study of 25 eyes from 22 patients with macular edema
(DME group: 12 eyes; BRVOME group: 13 eyes) who underwent IVB. Mean blur rate (MBR)
was measured in the retinal artery, retinal vein, optic nerve head (ONH), and choroid before
and after [VB.

Results: In the BRVOME group, there was no significant change in MBR in the retinal artery,
retinal vein or ONH, but choroidal MBR decreased significantly (P=0.04). In the DME group,
the MBR in the retinal artery, retinal vein, ONH, and choroid decreased significantly (P=0.02,
P=0.04, P<0.001, and P=0.04, respectively). In the DME group, pre-IVB MBR in the ONH
was significantly correlated with post-IVB foveal thickness (R=—0.71, P=0.002). There was
no such correlation in the BRVOME group in the ONH.

Conclusion: TVB had a suppressive effect on circulation in eyes with DME but not in those
with BRVOME. This suggests that this noninvasive and objective biomarker may be a useful
part of pre-IVB evaluations and decision-making in DME.

Keywords: macular edema, mean blur rate, optic nerve head, biomarker, ocular circulation

Introduction

Macular edema is one of the main causes of reduced vision in various retinal diseases,
including diabetic retinopathy (DR) and branch retinal vein occlusion (BRVO).'=* This
condition is difficult to treat successtully, even for experienced ophthalmologists. Cur-
rently, intravitreal injection of bevacizumab (IVB), an anti-vascular endothelial growth
factor (VEGF) antibody, is one of the most accepted treatments.” It can improve vision
by temporarily blocking VEGF action and subsequently reducing macular edema.
However, in cases of DR- or BRVO-associated macular edema (DME and BRVOME,
respectively), the effect of TVB is often insufficient, requiring the treatment to be
repeated many times.*'! It is not known why the effectiveness of the treatment is poor
in these cases, as the underlying mechanism of IVB’s ability to reduce macular edema
is still not well understood. Furthermore, the effect of IVB on retinal circulation is also
unknown, although there are a few reports that IVB causes a decrease in intraocular
and systemic circulation.'>" Particularly, IVB can adversely affect the visual prognosis
of patients with central retinal vein occlusion and underlying systemic diseases such

as diabetes, or ischemic heart or cerebrovascular diseases.'*!*
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Ischemic change after any medical intervention is
ordinarily evaluated with fluorescein angiography, but
this technique is invasive, can cause severe complications,
including anaphylactic shock, and its results can be affected
by time-dependent changes after injection. Recent innova-
tions in an alternative technique, laser speckle flowgraphy
(LSFG), have allowed us to quickly and easily monitor
changes in tissue circulation over time.'®!” The main
measurement parameter of LSFG, mean blur rate (MBR),
is an automatically calculated index of ocular blood flow
derived from the scatter pattern produced when the ocular
fundus is irradiated with laser light. MBR represents the
velocity of the blurring in the speckle pattern that is caused
by blood flow. Measured values of MBR correlate well
with absolute blood flow values measured with the hydro-
gen gas clearance and microsphere methods.'®!"” Previous
reports have shown that despite being a relative value,
MBR can be considered an accurate representation of both
ocular blood flow and velocity.”*?' The quality of LSFG
measurements mainly relies on the clarity of the ocular
media, but LSFG has already contributed to many recent
findings in glaucoma research, and is especially useful in
examining the relationship between glaucoma and ocular
circulation.'®-**

In this study, we hypothesized that IVB had a different
effect on ocular blood circulation in DME and BRVOME. We
evaluated the association between MBR and clinical findings
in post-IVB eyes in order to reveal the different pathogenesis
of DME and BRVOME, and to find new biomarkers of post-
IVB visual prognosis. Thus, our purpose was to evaluate the
effect of [IVB in DME and BRVOME patients by examining
the association of MBR and clinical findings related to the
structure and function of the retina.

Materials and methods
Setting and design

This was an institutional, prospective, nonrandomized, inter-
ventional case series. Subjects were recruited from patients
referred to the Retina Service of Tohoku University Hospital.
Intravitreal intervention and follow-up were both performed
at this clinic.

Patients

The study comprised 25 eyes of 22 patients (eleven men
and eleven women, mean age: 67.5 years) with retinal dis-
ease (DR group: 12 eyes of nine patients with DR; BRVO
group: 13 eyes of 13 patients with BRVO) and macular
edema.

Each patient provided informed consent for their
participation in this study as well as for the treatments they
received. The study was approved by the institutional review
board of Tohoku University Graduate School of Medicine
(Protocol No 2013-164; May 17, 2013). The research was
conducted according to the provisions of the Declaration of
Helsinki, 1995 (as revised in Edinburgh, 2000).267

Intervention

In all eyes, after instillation of topical anesthetic (0.4%
oxybuprocaine hydrochloride; Benoxil), sterilization of the
eyelid (10% povidone-iodine Swabstick), and instillation
of 1.25% povidone-iodine (Isodine), 1.25 mg/0.05 mL of
bevacizumab (Avastin) was injected into the vitreous cavity
with a standard pars plana approach (3.5 mm posterior to the
limbus) using a 30-gauge needle.

Measurement of clinical findings

We measured best-corrected visual acuity (BCVA)
before, 1 week after, and | month after [IVB. Similarly, we mea-
sured foveal thickness (FT) before, [ week after, and 1 month
after IVB. BCVA was measured with a logMAR chart
(5 m) (LVC-10; NEITZ Instruments, Tokyo, Japan), and retinal
thickness was measured with optical coherence tomography
(OCT) (OCT3000; Carl Zeiss Meditec AG, Jena, Germany).
The retinal thickness of the central fovea was defined as the
distance between the inner limiting membrane and the retinal
pigment epithelium, and was automatically calculated by the
OCT3000 software. A macular thickness map was made with
the OCT retinal mapping program from six radial scans inter-
secting at the fovea. The mean retinal thickness was calculated
in nine regions: the 1,000 um central area and the four quad-
rants of the inner and outer rings. FT was defined as the value
of the 1,000 pm central area. Blood pressure and intraocular
pressure (IOP) were measured after 10 minutes of rest.

Measurement using laser speckle
flowgraphy

We measured MBR with the LSFG NAVI system (Softcare
Co., Ltd., Fukutsu, Japan) before, 1 week after,and 1 month after
IVB. The measurement conditions were kept constant as fol-
lows: angle of view, 21°; number of pixels measured, 750x360;
and laser power, 1.37 mW. Determination of MBR was made
with LSFG Analyzer software (version 3.0.47.0; Softcare Co.,
Fukutsu, Japan). We measured four regions: a selected retinal
artery, a selected retinal vein, the optic nerve head (ONH), and
the choroid. Measurements for the retinal artery and the retinal
vein were taken from sites near the ONH (within 1.5 papilla
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diameters). In patients with BRVOME, blood vessels in
the quadrant containing the obstruction were not selected in
order to avoid the influence of the hemorrhage. The mean
number of samples was 1,013, 1,482.3, and 47,785.2 in the
retinal artery, the retinal vein, and the ONH, respectively.
Measurement of the choroid was performed in a square area
(150x150 pixels; 19,479 samples) not containing retinal blood
vessels, in a temporal location located one papilla diameter
away from the ONH. Only a single measurement of each
region was performed.

Statistical analysis

Analysis was done with Ekuseru-Toukei 2006 software
(Social Survey Research Information Co., Ltd., Tokyo,
Japan). The data are presented as mean + standard deviation.
The significance of the difference between pre- and post-
IVB data was assessed with the Friedman test and Scheffe’s
paired comparison. We also used the Mann—Whitney U test
to compare characteristics other than sex and optic media
and clinical findings before and after IVB in the BRVO
and DR groups. Sex and optic media were compared with
Fisher’s exact test. The Spearman correlation coefficient was
used to determine the relationship between MBR and FT in
the ONH. A P-value of less than 0.05 was considered to be
statistically significant.

Results

A comparison of characteristics and findings before and after
IVB in the BRVOME and DME groups is shown in Table 1.
Before IVB, there were no significant differences in age,
optic media, IOP, or FT between the two groups, but there
were significant differences in sex distribution and visual
acuity. After [VB, there was no difference in IOP between
the two groups, but there was a significant difference in FT.
FT in the BRVOME group was significantly lower than in
the DME group 1 month post-IVB.

BCVA and FT before and after IVB are shown in
Figures 1 and 2, respectively. MBR in the retinal artery, reti-
nal vein, ONH, and choroid before and after IVB is shown
in Figure 3. In the DME group, MBR changed significantly
in all regions 1 week and 1 month after IVB (retinal artery,
P=0.02; retinal vein, P=0.04; ONH, P<<0.001; and choroid,
P=0.04). In the BRVOME group, MBR did not change sig-
nificantly 1 week or 1 month after [IVB in any of the measured
regions (retinal artery, P=0.09; retinal vein, P=0.33; ONH,
P=0.50), except the choroid (P=0.04).

The relationship between FT and MBR in the ONH of
the DME group is shown in Figure 4. Pre-IVB MBR in the

Table | Comparison of characteristics and findings before and
after intravitreal injection of bevacizumab in groups with branch
retinal vein occlusion and diabetic retinopathy

Group BRYOME DME P-value
Number of eyes 13 12
Age 71.0+9.6 63.8£9.2 0.0565¢
Sex (M: F) (4:9) (7:2) *0.0402°
Optic media (R))] (10:3) 0.3278°
(lens: pseudophakia)
BCVA (logMAR)

Pre-IVB 0.8£0.26 0.41£0.21 *#0.0016*

| week post-1VB 0.64+0.4 0.49£0.23 0.3355*

| month post-1VB 0.64+0.33 0.45:0.29 0.1245:
IOP (mmHg)

Pre-IVB 13.6+2.4 12.8%1.5 0.2409*

| week post-IVB 12.1£2.3 13.4+2.3 0.1818

| month post-1VB 12.9+2.1 12.6+2.2 0.8062*
Foveal thickness (um)

Pre-IVB 549.8+127.7 465.7£120.1 0.0727*

| week post-IVB 327.5£110.1 396.8£116.1 0.2108*

| month post-IVB 270.2£67.9 408.3£148.6 #0.0036

Notes: *Mann-Whitney U test; *Fisher’s exact test. *P<<0.05; **P<0.01.
Abbreviations: BCVA, best-corrected visual acuity; BRYOME, branch retinal vein
occlusion-associated macular edema; DME, diabetic macular edema; |OP, intraocular
pressure; IVB, intravitreal bevacizumab; logMAR, logarithm of the minimum angle
resolution; M, male; F, female.

ONH was not correlated with pre-IVB FT (P=0.33), but
post-IVB MBR in the ONH was correlated with post-IVB
FT (R=-0.80, P=0.009). Furthermore, pre-IVB MBR in the
ONH was correlated with post-IVB FT (R=-0.71, P=0.002).
The relationship between FT and MBR in the ONH of the
BRVOME group is shown in Figure 5. There were no equiva-
lent correlations in the ONH of the BRVOME group.

Representative eyes with DME and BRVOME are shown
in Figures 6 and 7, respectively.

Complications arising from IVB, such as endophthalmitis,
ocular hypertension, retinal detachment, and vitreous hemor-
rhage, did not occur in any of the patients in this study.

Discussion

We set out to investigate the effect of IVB on the retina in
DME and BRVOME patients, in particular its effect on ocular
blood flow. We found that in BRVOME patients, there was
no significant change in MBR in any of the areas measured
in this study, with the exception of a significant decrease
in the choroid. In the group of patients with DME, there
was a significant decrease in MBR in all measured areas.
Interestingly, however, we observed that pre-IVB MBR in
the DME patients was significantly correlated with post-IVB
FT; specifically, higher MBR before VB was correlated with
lower FT after IVB.
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