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Purpose: To classify microaneurysms (MAs) and investigate the relationships with retinal
edema in eyes with branch retinal vein occlusion (BRVO).

Study Design: Retrospective, observational, consecutive case series.

Methods: Eyes with MAs due to BRVO that underwent optical coherence tomography
angiography (OCTA) were enrolled. MAs on OCTA images were morphologically classified
into six types: focal bulge, saccular, fusiform, mixed (saccular/fusiform), pedunculated, and
irregular. The frequency, size, location, and relationships with retinal edema also were
investigated.

Results: Twenty-four eyes of 23 patients (12 men, 11 women; mean age, 68.0 years) were
enrolled. A total of 244 MAs were detected on the OCTA images. The focal bulge and
saccular types accounted for over 70% of all MAs. Smaller MAs such as the focal bulge or
saccular type also were detected both at the edge of the nonperfused areas (NPAs) and in
collateral vessels. In contrast, larger MAs such as the pedunculated or irregular types tended
to form at the edges of the NPAs. Older age, the presence of MAs in the collateral vessels,
and the absence of pedunculated type were independent predictive factors for retinal edema
but not the MA size, or presence in the retinal deep capillary plexus. After treatment, the
mean retinal thickness decreased significantly, but the mean MA size remained unchanged.
Conclusion: OCTA enables morphologic classification, three-dimensional analysis, and
investigation of the longitudinal changes of MAs with noninvasive volumetric quantification,
leading to a better understanding of the pathology of MAs in eyes with BRVO.
Keywords: microaneurysm, morphology, macular edema, optical coherence tomography
angiography, branch retinal vein occlusion

Introduction
We previously reported that microaneurysms (MAs) can cause refractory macular
edema in patients with branch retinal vein occlusion (BRVO).! Leakage from MAs
was reported to be refractory to ranibizumab therapy.? Additionally, the manifestations
of leaking MAs were reported to lead to an increased number of intravitreal injections
of ranibizumab (IVR) needed to sustain resolution of macular edema.’ Therefore, leaky
MAs were treated by direct application of retinal laser photocoagulation (PC)."* It is
also important to investigate which type of MAs can be leaked and require treated.
Fluorescein angiography (FA) has been the gold standard for examining micro-
vascular abnormalities in various retinal diseases. FA can identify not only the

presence of MAs but also leakage from the MAs. In fact, Dubow et al reported the
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classification of human retinal MAs using adaptive optics
scanning light ophthalmoscopy (AOSLO) FA.’ However,
FA provides incomplete information about the deep retinal
capillary network.®’ In addition, dense retinal hemor-
rhages and/or severe macular edema make interpretation
of FA images difficult because of blocked or pooled fluor-
escein dye.® Indocyanine green angiography (ICGA) also
can detect MAs in several retinal diseases®® and provide
more information about the deeper retinal capillary net-
work than FA. However, MAs appear as dot-shaped hyper-
fluorescent spots on conventional FA and ICGA. It is
difficult to classify the MAs morphologically using FA
and/or ICGA because of the limited resolution and leakage
from the MAs. In addition, FA and ICGA require dye
injection, which makes clinicians hesitate to perform fre-
quent examinations. In contrast, optical coherence tomo-
graphy angiography (OCTA)
classification of MAs as previously reported'® and three-

enables morphologic

dimensional analysis.*'® OCTA can be performed fre-

6,11 and

quently because it is a noninvasive procedure
enables longitudinal imaging of MAs.

The presence of MAs in the diabetic retinopathies is
well known and has been studied in various ways. In
contrast, MAs in eyes with BRVO are not well studied,
although MA formation can cause refractory macular
edema in eyes with BRVO.'™ In the current study, we
investigated the morphologic classification, location, and
longitudinal changes of MAs after treatment and sought to
identify any associations with retinal thickening, leading to
a better understanding of the clinical significance and

pathology of MAs in eyes with BRVO.

Methods
Study Design and Setting

The current was a retrospective, observational, consecutive
case series conducted in an institutional setting. The
Institutional Review Board of Nagoya City University
approved the study protocol (No. 60180149). The clinical
trial was registered in the University Hospital Medical
Information Network Clinical Trials Registry (UMIN-ID,
UMINO000033595). The research methods and analysis
adhered to the tenets of the Declaration of Helsinki. This
study was conducted at Nagoya City University Hospital
between October 1, 2014, and November 30, 2017. The
inclusion criteria were patients with BRVO and eyes with
MAs. The exclusion criteria were patients whose images
were too poor in quality to be analyzed because of ocular

movements or cataracts, eyes with thick retinal hemor-
rhages or severe macular edema, or other retinal diseases.
All participants provided written informed consent. We do
not intend to share individual deidentified participant data.

Assessments

All patients underwent a complete ophthalmic examination
including indirect ophthalmoscopy, fundus photography,
OCT (RS-3000 Advance, Nidek, Gamagori, Japan),
OCTA (RTVue XR Avanti, AngioVue, Optovue Inc.,
Fremont, CA), and FA and/or ICGA. OCTA Figures 3
x 3 mm in area centered on the fovea were analyzed.
FA/ICGA was performed using a wide-field laser ophthal-
moscope (Optos California, Nikon, Tokyo, Japan) and/or
SLO (Heidelberg Retina
Heidelberg Engineering, Heidelberg, Germany).

confocal angiograph 2,

Two experienced retinal specialists (YE and YH) judged
the MAs on the FA and OCTA images in a masked fashion.
MAs were defined as hyperfluorescent dots on the FA images
(Figure 1) and visible aneurysms on the OCTA images
(Figure 1). The MAs on the OCTA images then were classi-
fied as focal bulge, saccular, fusiform, mixed saccular/fusi-
form, pedunculated, and irregular types (Figure 2) as
previously reported.’ The presence or absence of leakage of
the MAs was determined on the OCT and/or FA images. The
three-dimensional MA location was investigated as follows.
Regarding the vertical location, we checked the OCTA slabs
of superficial and deep capillary layer and the B scans and
determined the location (superficial, deep, or both). The
superficial and deep capillary layer on the OCTA system
was defined from internal limiting membrane to inner plexi-
form layer and from inner plexiform layer to outer plexiform
layer, respectively. Regarding the horizontal location, we
divided into three subtypes, ie, in the collaterals, at the edge
of nonperfused areas (NPAs), or both.®'*!* Collateral ves-
sels were defined as dilated and tortuous capillaries occurring
in pre-existing capillary beds and linking the obstructed
vessel with the nearest patent vessel.'>'*!> The MAs in the
collateral vessels were defined as the hyperfluorescent dots in
the collateral vessels on FA images. The MAs at the edge
between NPAs and perfused areas were defined as located at
the edge of NPAs. The MAs in collateral vessels and at the
edge of NPAs were defined as located in both.

OCT color maps were obtained using the RS-3000
Advance OCT system (Nidek Technologies). Thirty-three
points covering the central 5 degrees were set (Figure 3),
and the retinal thickness at each point was measured using
software provided by Nidek. The retinal thickness of the
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Figure | MAs in eye with BRVO. (A) Early-phase FA. (B) OCTA. The MAs (yellow circles in panel A) appear as dot-shaped hyperfluorescent spots on the FA image. It is
difficult to classify the MAs morphologically using FA. In contrast, OCTA enables morphologic analysis of MAs (yellow circles in panel B).
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Figure 2 Morphologic classification of MAs and their frequency in eyes with BRVO. (A) The morphologic classification of MAs using OCTA. (B) A circulate graph shows the
percentage of each MA type. The respective numbers of each MA type are: focal bulge (n=101, 41.4%), saccular (n=71, 29.1%), mixed saccular/fusiform (n=36, 14.8%),
pedunculated (n=15, 6.1%), fusiform (n=12, 4.9%), and irregular (n=9, 3.7%). (C) The mean size of each MA type. The focal bulge type is the smallest and the irregular type
the largest of the six types. The irregular type is significantly larger than the other types. The focal bulge and saccular types are significantly (**P < 0.01, *P<0.05, respectively)

smaller than the pedunculated type.

nearest point to the MA location then was used as the one
affected by the MA (Figure 3).

We also measured the size of each MA using ImageJ
software (version 1.50i, provided in the public domain by
the National Institutes of Health, Bethesda, MD)16 before
and after treatment. First, the 3 x 3-mm- areca OCTA

images were dragged and dropped into the software. The
actual distance in pixels then was determined by measur-
ing the side of the OCTA image. Thereafter, 3 mm on the
image was set as 603 pixels. The MAs on the images were
manually surrounded by a single examiner (YE) using
“Polygon Selections” to calculate the size of the MAs,
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Figure 3 MA classifications and their relationship with retinal edema. (A) OCTA. The yellow circle indicates a MA. (B) An OCT color map. Thirty-three points (white
circles) covering the central 5 degrees were set and the retinal thickness of each point measured. (C) The mean retinal thickness around each MA type. There are no
significant differences among the six types. (D) The percentages of each MA affecting the retinal thickness exceeding 350 pm. There are no significant differences among the
six types. (E) The relation between the MA size and retinal thickness is not significant (r=0.002, P=0.977). (F and H) OCTA. (G and I) An OCT color map. Numerous small
MA:s (yellow circles in panels F and H) have formed in a limited area and caused macular edema (G and 1), but one large MA (blue circle in panel H) does not (I). NS, not
significant.

which were compared before and after treatment. More Two retinal specialists (YE and YH) in determined the
than 5 times measurements were performed and then BRVO subtype (major or macular BRVO) on the FA and/or
averaged. OCTA images in a masked fashion. Major BRVO was
1912 submit your manuscript Clinical Ophthalmology 2020:14

Dove!


http://www.dovepress.com
http://www.dovepress.com

Dove

Esaki et al

NPA
B NS c .
100% ¢ ' 500 *% ——
5  90% | - 450 |
g‘b 80% | 400
o8 0% | 3350 |
T 60% } A
0 o $ 300 f
sz 50% c .
& 40% | 5250 |
) © <
g5 30% | =200
S 20% | 150 |
S 0% | @ 100 }
0% 1 1 1 1 1 ) 50 i
Focal Bulge  Saccular Mixed Fusiform Pedunculated Irregular 0 . . )
oCollateral oBoth mNPA Collateral NPA Both

Figure 4 The locations of MAs, frequency, and their relationship with retinal thickening. (A) OCTA shows the MA locations. The yellow circles indicate MAs. (B) The
percentages of each location of each MA type. Relatively small MAs such as the focal bulge or saccular types are similarly observed both at the edges of the NPAs and in
collateral vessels. In contrast, larger MAs such as the pedunculated, fusiform, or irregular types are seen more frequently at the edges of the NPAs and rarely in the collateral
vessels, but there are no significant differences among the six types. (C) A comparison of the mean retinal thicknesses. Significant differences are seen between the collateral
vessels and NPAs (**P=0.004), and between both of those and the NPAs (*P=0.013). Both indicates both at the edge of the NPAs and in the collateral vessels; NS, not

significant.

defined as major branch retinal vein occlusion and macular
BRVO as
described.!” NPAs exceeding 5 disc diameters were defined

macular venule occlusion as previously
as the ischemic type and the others as the nonischemic type
as previously described.'®2° Macular edema was defined as
a central subfield retinal thickness exceeding 300 um and
retinal edema due to MA was defined as a retinal thickness
exceeding 350 um because MAs are located outside of the
central subfield area and the parafoveal retinal thickness
often exceeds 300 pum even if there is no macular edema.

Treatments
IVR (Lucentis, AG, Basel,
Switzerland) was the initial therapy for macular edema.

Novartis International
Patients with a history of cerebral and/or myocardial
infarction or those not wishing an IVR were treated with
a sub-Tenon’s capsule injection of triamcinolone acetonide

(STTA) (MaQaid, Wakamoto Pharmaceutical, Co., Ltd.,
Tokyo, Japan). All patients were followed monthly from
the initial visit for longer than 6 months. Additional IVR
injections were administered if the eyes had macular
edema with a central subfield retinal thickness exceeding
300 um. Retinal direct laser PC was applied to the leaky
MAs causing the macular edema; retinal scatter PC was
applied if retinal neovascularization was evident but was
not applied for widespread NPAs.

Statistical Analysis

Statistical analyses were performed using EZR version
1.40 (Jichi Medical University, Saitama Medical Center,
Saitama, Japan) and the significance level was set at
P < 0.05. The post hoc Bonferroni correction was used
to compare the MA size and changes after treatment and
the retinal thickness around the MA. The independent
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test was used to compare the percentages of the MAs
affecting the retinal thickening and the location of the
MAs. Spearman’s rank correlation coefficient was used
to evaluate the correlation between the MA size and retinal
thickness. The paired #-test was used to compare the MA
size and retinal thickness before and after treatment.
Multiple regression analysis was performed to detect inde-
pendent factors predictive of retinal edema. Specifically,
the retinal thickness before treatment was set as an objec-
tive variable, and age, morphologic classification of the
MA, MA size, and MA location before treatment were set
as explanatory variables.

Results

Patients

Twenty-four eyes of 23 patients (11 men, 12 women; mean
age, 68.0 years; range, 4283 years) were enrolled. The patient
characteristics are shown in Table 1. Macular and major
BRVO were seen in seven and 17 eyes, respectively, and
ischemic and nonischemic BRVO in eight and 16 eyes,
respectively.

MA Classification

Two hundred forty-four MAs were identified and classified
into six categories according to a previous report.” The
numbers of MAs in each classification were as follows:
focal bulge (n=101, 41.4%), saccular (n=71, 29.1%),

Table | Demographics of the Study Population with Branch
Retinal Vein Occlusion

Subjects, n 23

Eyes, n 24
Gender, n (male/female) 11712
Mean age, years (SD) 68.0(8.4)
Mean follow-up, months (SD) 42.5(21.2)
Diabetes, n (yes/no) 1/22
Hypertension, n (yes/no) 11712
Subtype of BRVO, n (macular/major) 717
Subtype of BRVO, n (ischemic/nonischemic) 8/16
Mean duration between symptom and initial visit, 0.97(1.2)
months (SD)

Mean duration between initial visit and OCTA imaging, 11.4(17.4)
months (SD)

Mean duration between initial and last OCTA imaging, 14.3(5.9)
months (SD)

Abbreviations: SD, standard deviation; BRVO, branch retinal vein occlusion;
OCTA, optical coherence tomography angiography.

mixed saccular/fusiform (n=36, 14.8%), pedunculated
(n=15, 6.1%), fusiform (n=12, 4.9%), and irregular (n=9,
3.7%) (Figure 2). The focal bulge and saccular types
accounted for over 70% of all MAs. The focal bulge
type was the smallest, and the irregular type was the
largest (Figure 2). The irregular type was significantly
larger than the other types. The focal bulge and saccular
types were significantly smaller than the pedunculated
type (Figure 2).

MA Classification and Relationship to

Retinal Edema

No significant differences were seen among the mean
retinal thicknesses in the six types (Figure 3). The numbers
of MAs affecting the retinal thickness exceeding 350 um
were as follows: focal bulge (n=25, 24.8%), saccular
(n=15, 21.1%), mixed saccular/fusiform (n=4, 11.1%),
pedunculated (n=3, 20.0%), fusiform (n=4, 33.3%), and
irregular (n=2, 22.2%) types (Figure 3). The MA size was
not correlated significantly (r=0.002, P=0.977) with the
retinal thickness (Figure 3). However, numerous small
MAs, ie, the focal bulge or saccular types, formed in
limited areas and did cause macular edema (Figure 3),
but one large MA did not (Figure 3).

MA Locations and Relationships with

Retinal Edema

Of the 244 MAs, 50 and 155 MAs, respectively, were in
the retinal superficial capillary plexus and deep capillary
plexus; 39 MAs extended between the superficial and
deep capillary plexus. The details of the vertical loca-
tions are shown in Table 2. Seventy-nine MAs were at
the edges of the NPAs, 62 MAs in the collateral vessels,
and 103 MAs were both at the edge of NPAs and in the
collateral vessels (Figure 4). The percentages of each
horizontal location indicated that relatively small MAs
such as the focal bulge or saccular types were similarly
observed both at the edges of the NPAs and in the
collateral vessels (Figure 4). In contrast, large MAs
such as the pedunculated, fusiform, or irregular types
were seen more frequently at the edges of the NPAs and
rarely in the collateral vessels (Figure 4), although there
were no significant differences among the six types
(Figure 4). Alternatively, there were significant differ-
ences between the retinal thicknesses affected by the
collateral vessels and NPAs (Figure 4).
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Table 2 Vertical Location of Microaneurysm in Each Type

Focal Bulge Saccular Mixed Pedunculated Fusiform Irregular Total
Superficial, n 29 12 7 | | 0 50
Deep, n 59 48 25 8 7 155
Both, n 13 I 4 2 39
Total, n 101 71 36 I5 12 9 244

Abbreviations: Superficial, superficial capillary plexus; Deep, deep capillary plexus; Both, both in the superficial and deep capillary plexus.

Changes in Size or Morphologies of MAs
and Retinal Thicknesses Around the MAs

Before and After Treatment

Longitudinal OCTA images of the MAs showed several
changes in size or morphology of the MAs (Figure 5).
However, there was no significant (P=0.972) difference in
the mean size of the MAs before and after the treatments
(Figure 5). In the current study, each eye received several
therapies, ie, STTA, IVR, direct PC, and PC to treat the
NPAs (Table 3). Therefore, the effect of each treatment on
the changes in the MA size was not investigated.
A morphologic analysis showed that only the focal bulge
type of MA became significantly (*P=0.025) smaller after
the treatments (Figure 5); the other types did not change
significantly in size. Although there were no significant
differences in the MA sizes before and after treatments,

A Unchanged

the mean retinal thicknesses around the MAs decreased
significantly (**P=0.002) after treatment (Figure 5).

Treatments

The details of the treatments are shown in Table 3. Before
OCTA imaging, four and 18 eyes, respectively, were trea-
ted with STTA and IVR injection as initial therapies.
Direct PC targeting of the MAs and scatter PC for the
NPAs were performed in one and seven eyes, respectively.
Three eyes were not treated before OCTA imaging. Seven
eyes were treated with combined therapy (Table 3).
Between the time when the initial and final OCTA images
were obtained, STTA, IVR, direct PC, or scatter PC for
NPAs were performed in one, 15, seven, and two eyes,
respectively. One eye was not treated; five eyes received
combined therapy (Table 3).

Regressed

12000 [ e | 12000 500 *%
— 1
= 450
10000 o 10000 5 a0
£ 8000 § 8000 & 3%
3 o 5000 * 2 300
@ 6000 X:] L a— 5 250
73 < 4000 < 200
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Figure 5 The longitudinal changes of the MAs detected by OCTAs. (A-C) OCTA images. The yellow circles indicate MAs. (A) The irregular type of MA is unchanged in size
and type. (B) The saccular type of MA has grown and evolved to the irregular type. (C) The pedunculated type of MA has regressed and evolved to the saccular type. (D)
The mean MA sizes before and after treatment. There are no significant differences. (E) The mean sizes of each MA type before and after treatment. A morphologic analysis
shows that only the focal bulge type of MA became significantly (*P=0.025) smaller after treatment. The mean sizes of the other types, except for the focal bulge type, have
not changed significantly. (F) The mean retinal thicknesses around the MAs before and after treatment. There are significant differences (**P=0.002). NS, not significant.
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Table 3 Treatments for the Study Population with Branch
Retinal Vein Occlusion

Table 4 Multiple Regression Analysis to Detect Factors
Associated with Retinal Thickening

Treatments Before OCTA Imaging

None, n

STTA, n

IVR, n

Direct PC, n

PC for NPA, n

Combined, n
STTA, IVR, PC for NPA, n
IVR, PC for NPA, n
STTA, IVR, n
STTA, PC for NPA, n
IVR, direct PC, n

o)

— — — N N NN — — & W

Treatments between initial and final MA imaging using OCTA

None, n |
STTA, n |
IVR, n 15
Direct PC, n 7
PC for NPA, n 2
Combined, n 5
IVR, direct PC, n 3
STTA, direct PC, n |
STTA, IVR, direct PC, n |

Abbreviations: OCTA, optical coherence tomography angiography; STTA, sub-
tenon’s capsule injection of triamcinolone acetonide; IVR, intravitreal injection of
ranibizumab; PC, photocoagulation; NPA, nonperfused area; MA, microaneurysm.

Multiple Regression Analysis

Older age, the presence of MAs in the collateral vessels or
NPAs, and the absence of pedunculated type were ana-
lyzed as factors predictive of retinal edema by a univariate
regression analysis (Table 4). The MA size and the pre-
sence of MA in the retinal deep capillary plexus were not
(Table 4). A multivariate regression analysis demonstrated
that older age, the presence of MAs in the collateral
vessels, and the absence of pedunculated type were the
independent predictive factors for retinal edema (Table 4).

Discussion

Previous studies®?'>* have reported that OCTA was infer-
ior to FA for detecting MAs, because some MAs did not
meet the minimal blood flow velocity to achieve a positive
flow signal.' MAs on conventional FA images usually
appear as hyperfluorescent dots, and it is difficult for
MAs to be morphologically classified as previously
reported.”'® In contrast, OCTA images made the classifi-
cation possible due to the higher resolution and the fact
that it is a dye-free procedure without the possibility of

Univariate Multivariate
Regression Analysis | Regression
Analysis
Factors B P B P
Age 1.26 <0.001** [ 1.22 <0.001**
MA morphology - - - -
Focal bulge 5.22 0.361 - -
Saccular 4.86 0.434 - -
Mixed 0.301 0.970 - -
Pedunculated —28.0 0.0162*% | —23.8 | 0.0306*
Fusiform -9.85 0.450 - -
Irregular —6.45 0.666 - -
MA size —0.000599 | 0.78 - -
Horizontal MA - - - -
location
Collateral 20.5 <0.001** [ 17.3 0.00516**
NPA -13.4 0.0382* | —6.08 | 0.357
Vertical MA location | — - - -
Superficial plexus 0.443 0.940 - -
Deep plexus —9.45 0.175 - -

Notes: **P<0.01, *P<0.05.
Abbreviations: MA, microaneurysm; NPA, nonperfused area.

dye leakage. A three-dimensional analysis also was possi-
ble using OCTA. In the current study, we classified MAs
morphologically in eyes with BRVO into 6 types using
OCTA and aimed to investigate the relationship with ret-
inal edema. Consequently, we could not detect evident
relationship between the morphology and retinal edema,
but found several significant findings as follows.

First, we found that the focal bulge type developed
most often and the focal bulge and saccular types
accounted for over 70% of all MAs. In eyes with diabetic
retinopathies, several previous studies using immunofluor-
escent staining of enucleated human retinas®* and in vivo
imaging using AOSLO FA® or OCTA'® have shown that
most MAs were the saccular type. In eyes with BRVO,
Dubow et al’ reported that the saccular type was the most
similar to that in diabetic eyes, but only 13 MAs in two
eyes were analyzed. Regarding the sizes of the MAs, the
focal bulge type was the smallest and the irregular type
was the largest of the six types. The saccular type also was
relatively small and significantly smaller than the pedun-
culated and irregular types, both of which were the same

submit your manuscript

1916

Dove

Clinical Ophthalmology 2020:14


http://www.dovepress.com
http://www.dovepress.com

Dove

Esaki et al

as those reported previously” using AOSLO FA, although
the data in the current study cannot be compared with
those in the previous study using AOSLO FA. However,
the usefulness of the quantitative analysis of the vessel
calibration using a commercial OCTA system (RTVue XR
Avanti).”>

Considering the relationship between MA and retinal
thickening, several factors about MAs should be investi-
gated, the first of which might be the MA size. Wang et al*®
reported that the MA size was not necessarily correlated
with FA leakage, which was supported by several
studies.>'® The current study also found no correlation
between the MA size and retinal thickening. However,
numerous small MAs, ie, the focal bulge and saccular
types, tended to form in limited areas, which sometimes
caused retinal edema. In contrast, large MAs, such as the
pedunculated and irregular types, tended to be isolated and
did not cause retinal edema (Figure 3). We speculate that
the density of MAs may be related to retinal edema.

The second factor might be the MA morphology.
Schreur et al'” reported that the irregular type leaked the
most in eyes with diabetic retinopathy, because irregular
MAs may have a greater luminal surface area that may
increase the risk of damage to the basement membrane
and, thus, breakdown of the inner blood retinal barrier. In
the current study, the focal bulge and saccular types were
seen frequently, but there were no significant differences in
the percentages of ME exceeding 350 um among the six
types (Figure 3). Alternatively, leakage from MAs was
considered to reflect a functional difference in endothelial
than
a morphologic or size variation.”® Regarding the MA

cell-cell integrity —or permeability rather
morphology in the current study, the absence of peduncu-
lated type was an independent predictive factor for retinal
edema. The pedunculated type of MAs was relatively
larger than the other types. We speculate that large MAs
such as pedunculated or irregular type is not related to
retinal edema, while small MAs such as focal bulge or
saccular type form numerously in the specific areas
(Figure 3), resulting in retinal edema (Figure 3). Thus,
we speculate that the density of MAs may be related to
retinal edema.

The third factor might be the locations of the MAs.
They were seen more often in the deep capillary plexus as
reported previously.?**’?®* MAs in the deep capillary
plexus reportedly caused retinal edema in eyes with dia-
betic macular edema,28 which was not the case in the

current study. Apart from the vertical analysis, two-

dimensional analysis of the MA locations indicated that
larger MAs, such as the pedunculated, fusiform, or irregu-
lar types, were seen more frequently at the edges of the
NPAs and rarely in the collateral vessels (Figure 4).
Retinal neovascularization also developed at the borders
between the nonperfused and perfused areas in eyes with
BRVO.% 1t is well known that overexpression of vascular
endothelial growth factor (VEGF) in eyes with ischemic
retinal diseases causes retinal neovascularization. MAs
also formed after intravitreal injection of VEGF proteins
in nonhuman primates,’® and blockage of VEGF sup-
pressed MA formation in eyes with BRVO.' Taken
together, we speculated that large MAs at the edges of
the NPAs may be proliferative changes similar to neovas-
cularization. MAs have been described as focal regions of
endothelial proliferation and perhaps abortive attempts at
formation of intraretinal neovasculariza’[ion,3 132 which
supports our speculation. Another important finding in
the current study was that the presence of MAs in the
collateral vessels was an independent factor predictive of
retinal edema, but the MA size, or presence in the retinal
deep capillary plexus was not (Table 4). We previously
reported that MAs in the collateral vessels cause refractory
macular edema in eyes with BRVO,"'? which also sup-
ports the current results.

Older age also was an independent factor predictive of
retinal edema. We reported previously' that older age was
predictive of refractory macular edema in eyes with
BRVO. A previous immunohistochemistry study™ also
found that MAs were present even in the retinas of healthy
elderly humans. Therefore, aging itself might be a risk
factor for MA formation and retinal edema.

We also evaluated the changes in size and morphology
of MAs using OCTA. Dubow et al’ reported several long-
itudinal changes of MAs, ie, that they remained
unchanged, grew, and regressed on AOSLO FA, which
also was observed in the current study (Figure 5). No
significant differences in the mean MA size before and
after treatments were detected. Only the focal bulge type
of MA became significantly smaller after treatment
(Figure 5), but the reason for this was unclear. Although
the mean size of the MAs remained unchanged (Figure 5),
the mean retinal thickness decreased after treatment
(Figure 5), suggesting that the leakage from MAs might
stop or macular edema may persist in the future. Since
MAs can cause refractory macular edema in eyes with
BRVO,' careful follow-up for an extended period is
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needed, or it might be more important to suppress MA
formation itself as we proposed previously.'

The current study had several limitations, ie, a small
sample size, retrospective study design, and differing dura-
tions between the onset of symptoms and initial imaging
or the duration between baseline and final OCTA imaging
session. The treatment for macular edema differed in each
eye, and some eyes were treated with combined therapy.
However, a morphologic classification, three-dimensional
analysis of the MA location, and longitudinal imaging
with quantitative analysis using OCTA may provide
a better understanding of the pathology of MAs in eyes
with BRVO.

In conclusion, the current study showed that MAs in
the collateral vessels were associated with retinal edema,
but the MA size and morphology were not. After treat-
ment, the mean retinal thickness decreased significantly,
but the mean MA size was unchanged. Residual MAs may
cause retinal edema in the future. A careful follow-up for
a long duration is needed or it might be more important to
suppress MA formation. A future prospective, rando-
mized, controlled study with a large sample size is needed
to confirm the current results.
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