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Purpose: To compare retinal layer thickness and chorioretinal vascular density (VD) between acute and chronic

branch retinal vein occlusion (BRVO).

Methods: This study included patients with BRVO. The VD of the superficial capillary plexus (VDs), the VD of
the deep capillary plexus (VDd), and VD of the choriocapillaris were obtained using optical coherence tomog-
raphy angiography. Acute and chronic BRVO data were compared to assess differences between the involved

and uninvolved areas.

Results: We included 17 eyes with acute BRVO and 23 eyes with chronic BRVO. The VDs in the involved area
were not significantly different between the involved area and in the uninvolved area in acute BRVO (p = 0.551).
However, the difference was significant in chronic BRVO (p = 0.013). The VDd in the involved area was lower
than in the uninvolved area in both acute and chronic BRVO (p = 0.020, p = 0.003, respectively). In addition,
the VD of the choriocapillaris values did not differ significantly between acute and chronic BRVO, or between
involved and uninvolved areas. The VDs in the involved area in chronic BRVO were lower than in acute BRVO
(p = 0.047), and the VDd did not differ between acute and chronic BRVO in all areas.

Conclusions: Vascular impaired patterns in the retinal layer differed between acute and chronic BRVO. These
results may suggest that vascular change and remodeling develops differently in acute and chronic phases in

BRVO.

Key Words: Optical coherence tomography angiography, Retinal layer thickness, Retinal vein occlusion, Vascu-

lar density

Optical coherence tomography angiography (OCTA) is
an imaging technique that has been recently studied and
used to visualize blood vessels with depth resolution [1].

Received: January 24,2019  Final revision: January 29, 2019
Accepted: February 8, 2019

Corresponding Author: Jaemoon Ahn, MD, PhD. Department of Oph-
thalmology, CHA Bundang Medical Center, CHA University, 59 Yat-
ap-ro, Bundang-gu, Seongnam 13496, Korea. Tel: 82-31-780-5330, Fax:
82-31-780-5333, E-mail: jaOl@cha.ac.kr

© 2019 The Korean Ophthalmological Society

OCTA imaging characteristics in various diseases have
been described previously [2-6]. However, the majority of
previous studies were qualitative, and only a few quantita-
tive studies have been completed. The quantitative studies
used imaging programs to measure vascular density (VD).
However, these methods were time-consuming, had low
reproducibility and potential for error. The software of
some OCTA instruments provides data on the VD which is
automatically measured; however, these measurements are
limited to the retinal vessels. The viewer program of the
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commercially available swept source OCTA (DRI OCT
Triton; Topcon, Tokyo, Japan) only provides the VD of the
superficial capillary plexus (SCP). However, the reference
layer can be changed freely. The VD values of the SCP,
deep capillary plexus (DCP), and choriocapillaris (CC) can
be obtained automatically, and the vascular and structural
changes were observed using automated measurements.
This method allows immediate judgments to be made in
the clinical environment by analyzing the images quickly
without image processing.

Branch retinal vein occlusion (BRVO) is a common dis-
ease that affects visual acuity [7]. BRVO only involves part
of the retina, while the uninvolved area is nearly normal.
This pathology allows researchers to compare the involved
and uninvolved area using a single image. Therefore, the
purpose of this study was to compare the retinal layer
thickness and the chorioretinal VD between acute and
chronic BRVO.

Materials and Methods

Ethics statement

This study was approved by the institutional review
board of Korea University (2016AN0285). Informed con-
sent was waived due to the retrospective nature of the
study. The research and data collection were conducted in
accordance with the tenets of the Declaration of Helsinki
from the World Medical Association.

Patients

We reviewed the medical records of consecutive patients
who had been diagnosed with BRVO, and who underwent
OCTA between March 2016 and February 2018 at Korea
University Medical Center. Patients were included if they
had a diagnosis of BRVO that was made by retinal special-
ists. The exclusion criteria were as follows: (1) superonasal
or inferonasal BRVO not affecting the macula; (2) the
presence of macular edema on optical coherence tomogra-
phy (OCT) imaging; (3) BRVO due to other causes such as
uveitis or vasculitis; (4) BRVO accompanied by arterial oc-
clusion or ocular ischemic syndrome; (5) other ocular dis-
eases such as diabetic retinopathy or epiretinal membrane;
(6) a history of intraocular treatment, such as intravitreal
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injection, laser photocoagulation or intraocular surgery
within 6 months; (7) an axial length >26.5 mm; (8) OCTA
images with artifacts that affected VD measurement, such
as masking artifacts, blinking artifacts, or motion artifacts
and (9) poor quality OCTA images (with a signal strength
index of <50).

We defined acute BRVO when patients had fundus find-
ings such as intraretinal hemorrhages, cotton wool spots,
and vascular congestion [8]. Chronic BRVO was deter-
mined when patients had fundus findings such as collater-
als, hard exudates, or ghost vessels. However, intraretinal
hemorrhage, cotton wool spots, or vascular congestion
were not necessarily present.

Optical coherence tomography

The OCT instrument (DRI OCT Triton) used in this
study had a central wavelength of 1,050 nm, speed of
100,000 A-scans/second, horizontal resolution of 20 pm,
and an axial resolution of 7 um. The volume scan was per-
formed in a 12 x 9 mm area that covered the macula and
optic disc, and each scan consisted of 1024 A-scans cen-
tered between the fovea and optic disc. The retinal thick-
ness was measured at the central 1 mm (foveal) and 3 mm
(parafoveal) areas in the early treatment of diabetic reti-
nopathy study chart [9]. The ganglion cell layer to inner
plexiform layer (GC-IPL) thickness was also measured at
the foveal and parafoveal areas. The outer retina layer
(ORL) thickness of the macula was defined as the retinal
thickness outside the inner plexiform layer. It was calculat-
ed in each patient by subtracting the GC-IPL thickness
from the central macular thickness. The choroidal thick-
ness was defined as the perpendicular distance from the
inner surface of the retinal pigment epithelium to the cho-
roidoscleral interface. All of the OCT parameters were au-
tomatically measured using an image viewer software
(IMAGERnet 6 ver. 1.21, Topcon).

Optical coherence tomography angiography

The OCTA images were obtained when the OCT images
were acquired. The OCTA scans were taken in a 3 X 3-mm
area centered on the macula. Each cube consisted of 320
A-scans of four repeated B-scans centered on the fovea. En
face OCTA images of the SCP, DCP, and CC were generat-
ed based on automated layer segmentation. This segmenta-
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tion was performed using image viewer software as fol-
lows: (1) SCP, from 2.6 pm posterior to the internal
limiting membrane to 15.6 um posterior to the junction of
the inner plexiform layer and inner nuclear layer; (2) DCP,
an 54.6-um-thick slab from the 15.6 pm posterior to the
junction of the inner plexiform layer and inner nuclear lay-
er; and (3) CC, a 10.4-um-thick slab from Bruch’s mem-
brane. The software provided a VD of the SCP at the fove-
al and parafoveal areas. The VD of the DCP (VDd) and
CC were obtained by changing the reference layers (Fig.
1A-1E). The involved area was defined as the parafoveal
area with vascular changes on the OCTA. All of the pa-
rameters in the involved area were calculated as the aver-
age parameters in each involved area.

Ocular perfusion pressure estimation

The mean ocular perfusion pressure (OPP) was calculated
using the following formula: 5xmean arterial pressure-in-
traocular pressure [10]. The mean arterial pressure was cal-
culated based on the systolic blood pressure (SBP) and dia-
stolic blood pressure (DBP) as follows: 4+ (SBP-DBP)+DBP.
After at least 15 minutes of rest, the blood pressure was
measured on the upper arm with the patient in a seated po-
sition, using an automated oscillometric machine (BP-
BIO320; InBody, Seoul, Korea).

Statistical analysis

Continuous variables were expressed as means + stan-
dard deviations, and categorical variables as counts (%).
The Kolmogorov-Smirnov test was used to test the vari-
ables’ normality. The general characteristics and parame-
ters of patients with acute and chronic BRVO were com-
pared using Pearson’s chi-squared test or Fisher’s exact test
for categorical variables. The independent ¢-test or
Mann-Whitney U-test was used to compare continuous
variables. The parameters in the parafoveal involved area
and the uninvolved area were compared using the paired
t-test and Wilcoxon signed-rank test.

Univariate linear regression or multiple linear regression
analyses were used to assess the relationships among vari-
ables. The backward variable elimination method was used
to select for important variables in multiple linear regres-
sion models. These variables only included covariates with
p <0.10 in the univariate linear regression models. Statisti-
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cal analyses were performed using IBM SPSS Statistics
ver. 24.0 (IBM Corp., Armonk, NY, USA). A p-values
<0.05 was considered statistically significant.

Fig. 1. A branch retinal vein occlusion case. (A) Fundus photo-
graph. (B) B-scan image of optical coherence tomography shows
no edema. (C) En face image of optical coherence tomography
angiography (OCTA) of the superficial capillary plexus and auto-
matically measured vascular density. (D) En face image of OCTA
of the deep capillary plexus and automatically measured vascular
density. (E) En face image of OCTA of the choriocapillaris and
automatically measured vascular density.



Fig. 2. A branch retinal vein occlusion with high stromal decor-
relation signal. The stromal decorrelation signal (arrows) in
optical coherence tomography angiography images (A-C) of the
superficial capillary plexus (A,D) and deep capillary plexus (B,E)
was measured as high vascular density when measured automati-
cally (D-F). The vascular density of the choriocapillaris (C,F) was
low within the wide capillary nonperfusion area of the superficial
and deep capillary plexus (arrowheads).

Results

General characteristics

Forty-seven patients with BRVO, including 21 patients
with acute BRVO and 26 patients with chronic BRVO,
were included. A total of seven patients, including four
with acute BRVO and three with chronic BRVO, had high
stromal decorrelation signals in the OCTA images (Fig.
2A-2F) [11]. This high stromal decorrelation signal was de-
tected in an area of wide capillary nonperfusion. The stro-
mal decorrelation signal, which is higher than the signal
from the surrounding capillary nonperfusion area, was
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measured as high as the VD (when it was measured auto-
matically). The patients with high stromal decorrelation
signal were excluded in the analysis because the VD was
overestimated.

Table 1 shows the general characteristics of 40 patients,
17 of which had acute BRVO and 23 had chronic BRVO.
The age, visual acuity, axial length, and OPP were not sig-
nificantly different between patients with acute and chron-
ic BRVO. The symptom duration was shorter in patients
with acute BRVO (13.89 + 14.37 months) than it was in pa-
tients with chronic BRVO (49.96 + 29.11 months, p < 0.001).

Neuronal and vascular characteristics in acute BRVO

In 17 patients with acute BRVO, the retinal thickness,
GC-IPL thickness, ORL thickness, and choroidal thickness
did not differ between the involved and uninvolved areas
(p =0.246, p = 0.722, p = 0.136, p = 0.152, respectively)
(Table 2 and Fig. 3A, 3B). The VD of SCP (VDs) did not
differ in the involved and uninvolved areas (p = 0.551).
However, the VDd in the involved area was lower than in
the uninvolved area (p = 0.020). The VD of CC (VDc) did
not differ between the involved and uninvolved areas (p =
0.309).

Neuronal and vascular characteristics in chronic BRVO

In 23 patients with chronic BRVO, the retinal thickness
and GC-IPL thickness in the involved area (280.36 = 39.83,
96.82 + 24.34 pum, respectively) were thinner than in the
uninvolved area (293.83 + 32.01 um, p = 0.008; 106.78 +
24.02 pm, p = 0.024, respectively). The ORL and choroidal
thicknesses did not differ between the involved and unin-
volved areas (p = 0.114, p = 0.734, respectively). The VDs
in the involved area were lower than in the uninvolved
area (p = 0.013). The VDd in the involved area were lower
than in the uninvolved area (p = 0.013). The VDc did not
differ between the involved and uninvolved areas (p =
0.648).

Acute and chronic BRVO comparison

The retinal thickness in the involved area of chronic
BRVO (280.36 + 39.83 um) was thinner than in acute
BRVO (309.12 + 39.16 um, p = 0.029) (Table 3). The retinal
thickness in the foveal area and uninvolved area in chronic
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Table 1. Patient characteristics: acute and chronic BRVO

Acute BRVO (n=17) Chronic BRVO (n = 23) p-value
Age (yr) 66.35 + 17.09 67.74 +9.42 0.744"
Sex
Male 7 (41.18) 12 (52.17) 0.357"
Female 10 (58.82) 11 (47.83)
Laterality
Right 13 (76.47) 9(39.13) 0.027"
Left 4 (23.53) 14 (60.87)
Site
Major superotemporal 9 (52.94) 11 (47.83) |
Macular superotemporal 3 (17.65) 6 (26.09) 0.181*
Major inferotemporal 1 ((?8?3) 51 ((g 13;‘)1)
Macular inferotemporal
Symptom duration (mon) 13.89 + 14.37 (3-30) 49.96 +£29.11 (11-131) <0.001*
Visual acuity (logMAR) 0.22+0.32 0.25+0.22 0.342°
Axial length (mm) 23.44+0.54 23.83£0.85 0.371"
Ocular perfusion pressure (mmHg) 51.27+10.72 50.97+11.71 0.930"

Values are presented as mean + standard deviation, number (%), or mean + standard deviation (range).
BRVO = branch retinal vein occlusion; logMAR = logarithm of the minimum angle of resolution.
Independent r-test; 'Fisher’s exact test; *Pearson’s chi-squared test; "Mann-Whitney U-test.

Table 2. Optical coherence tomography and optical coherence tomography angiography parameter comparisons between parafo-
veal involved and uninvolved areas

Acute BRVO (n=17)

Chronic BRVO (n = 23)

Involved area

Uninvolved area

Retinal thickness (pm)
GC-IPL thickness (um)
ORL thickness (pm)
Choroidal thickness (pum)

309.12 £ 39.16
115.75 +£24.25
193.36 +22.61
217.47 + 88.19

302.29 +33.03
114.31 £ 19.66
187.98 +17.70
205.43 +87.71

Vascular density of SCP (%) 46.78 + 3.71 47.55+3.42
Vascular density of DCP (%) 46.65 + 3.66 49.66 £3.23
Vascular density of CC (%) 52.16 +2.42 52.96 £3.18

p-value Involved area Uninvolved area  p-value
0.246" 280.36 +39.83  293.83 +32.01 0.008"
0.722" 96.82 2434  106.78 +24.02 0.024"
0.136' 183.54+19.53  187.05+17.20 0.114"
0.152 182.12+77.02  178.84+79.63 0.734
0.551 44.04 + 4.48 47.43 +3.81 0.013"
0.020" 46.74 +4.13 50.22 + 3.96 0.003"
0.309" 52.75+2.30 53.06 + 1.28 0.648"

Values are as mean =+ standard deviation.

BRVO = branch retinal vein occlusion; GC-IPL = ganglion cell layer to inner plexiform layer; ORL = outer retina layer; SCP =
superficial capillary plexus; DCP = deep capillary plexus; CC = choriocapillaris.

"Wilcoxon signed-rank test; "Paired #-test.

BRVO did not vary, compared with acute BRVO (p =
1.000, p = 0.290, respectively). The GC-IPL thickness in
the involved area of chronic BRVO (96.82 + 24.34 um) was
thinner than for acute BRVO (115.75 + 24.25 pm, p =
0.020). The GC-IPL thickness in the foveal area and unin-
volved area in chronic BRVO did not vary compared with
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acute BRVO (p = 0.563, p = 0.356, respectively). The ORL
thickness and choroidal thickness also did not differ be-
tween acute and chronic BRVO in all areas.

The VDs in the involved area of chronic BRVO (44.04 +
4.48%) was lower than for acute BRVO (46.78 + 3.71%, p =
0.047). The VDs in the foveal and uninvolved area in
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Fig. 3. Chorioretinal thicknesses and vascular densities of parafoveal areas. (A) Chorioretinal thicknesses. The ganglion cell layer to inner
plexiform layer (GC-IPL) thickness in the involved area of chronic branch retinal vein occlusion (BRVO) was thinner than that of the un-
involved area of chronic BRVO or the involved area of acute BRVO. (B) Vascular densities. The vascular density of the superficial capil-
lary plexus (SCP) in the involved area of chronic BRVO was lower than that of the uninvolved area of chronic BRVO or the involved area
of acute BRVO. The vascular density of the deep capillary plexus (DCP) in the involved area of acute and chronic BRVO was lower than
that of the uninvolved area. The chorioretinal thicknesses and vascular densities that were statistically significantly different are denoted

with asterisks. CC = choriocapillaris.

chronic BRVO did not vary, compared with acute BRVO
(p=0.124, p = 0.922, respectively). The VDd did not differ
between acute and chronic BRVO in all areas, including
the involved area. The VDc values did not differ between
acute and chronic BRVO in all areas.

Visual acuity and symptom duration

Univariate linear regression analysis indicated that visu-
al acuity was correlated with the following parameters: age
(p = 0.008); the ORL thickness in the involved area (p =
0.025); the VDd in the involved area (p = 0.016); and the
VDc in the involved area (p = 0.017) (Table 4). Both the
age (B = 0.326, p = 0.023) and VDd in the involved area (§
= -0.291, p = 0.042) were significantly related to visual
acuity on the multiple linear regression model. The ORL
thickness in the involved area was considered as a con-
founder-adjusted factor and was not analyzed because of
multicollinearity.

Univariate linear regression analysis indicated that
symptom duration was correlated with retinal thickness in
the involved area (B = -0.379, p = 0.016), and GC-IPL
thickness in the involved area ( = -0.398, p = 0.011). The
GC-IPL thickness in the involved area was statistically re-
lated to the symptom duration on the multiple linear re-
gression model. The retinal thickness in the involved area
and VDs in the involved area were considered to be con-

founder-adjusted factors. These were also not analyzed be-
cause of multicollinearity.

Discussion

In this study, we showed that structural and vascular
changes did not differ between acute and chronic BRVO.
Retinal layer thickness did not differ between involved and
uninvolved layers in acute BRVO, however, VDd was sig-
nificantly different between involved and uninvolved lay-
ers. Meanwhile, in chronic BRVO, inner retinal layer
thickness was significantly thinner in the involved layers
than in uninvolved layers. In addition, VD was also sig-
nificantly lower in the involved layers in both SCP and
DCP. These results may suggest that the mechanism of
vascular change in DCP was different from SCP. In this
study, the VDd was lower in the involved area than in the
uninvolved area, in both acute and chronic BRVO. There
was no significant difference between acute and chronic
BRVO, and it has been hypothesized that BRVO mainly
affects the DCP. This result is consistent with results from
previous studies [12-14]. Previous studies have suggested
that the DCP was more vulnerable to ischemia than the
SCP. However, the VDs in the involved area were lower in
chronic BRVO than in acute BRVO. The VDs of the in-
volved and uninvolved areas were comparable in acute
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Table 3. Optical coherence tomography and optical coherence tomography angiography parameter comparisons between acute and

chronic BRVO
Acute BRVO (n=17) Chronic BRVO (n = 23) p-value

Retinal thickness (um)

Foveal area 230.20 +37.75 231.87 £33.50 1.000"

Parafoveal involved area 309.12+39.16 280.36 +39.83 0.029°

Parafoveal uninvolved area 302.29 +33.03 293.83 £32.01 0.290°
GC-IPL thickness (pm)

Foveal area 53.29 +15.50 50.57+13.93 0.563"

Parafoveal involved area 115.75 £24.25 96.82 +24.34 0.020"

Parafoveal uninvolved area 114.31 £ 19.66 106.78 + 24.02 0.356"
ORL thickness (pm)

Foveal area 176.90 +27.10 181.31 £25.10 0.787"

Parafoveal involved area 193.36 £ 22.61 183.54 +19.53 0.150"

Parafoveal uninvolved area 187.98 £17.70 187.05+17.20 0.957
Choroidal thickness (um)

Foveal area 226.76 +97.32 190.02 + 75.96 0.188"

Parafoveal involved area 217.47 + 88.19 182.12 £ 77.02 0.185"

Parafoveal uninvolved area 205.43 +87.71 178.84 +79.63 0.324"
Vascular density of SCP (%)

Foveal area 21.46£5.18 19.22 +£3.83 0.124"

Parafoveal involved area 46.78 £3.71 44.04 £ 4.48 0.047"

Parafoveal uninvolved area 47.55+3.42 47.43 £3.81 0.922°
Vascular density of DCP (%)

Foveal area 23.79+11.00 19.42 £ 4.64 0.182"

Parafoveal involved area 46.65 + 3.66 46.74 +4.13 0.941"

Parafoveal uninvolved area 49.66 +3.23 50.22 £3.96 0.632"
Vascular density of CC (%)

Foveal area 49.32+5.11 48.87+4.24 0.759"

Parafoveal involved area 52.16+2.42 52.75+2.30 0.435"

Parafoveal uninvolved area 52.96+3.18 53.06 +1.28 0.101"

Values are as mean =+ standard deviation.

BRVO = branch retinal vein occlusion; GC-IPL = ganglion cell layer to inner plexiform layer; ORL = outer retina layer; SCP =
superficial capillary plexus; DCP = deep capillary plexus; CC = choriocapillaris.

"Mann-Whitney U-test; 'Independent 7-test.

BRVO. In contrast, in chronic BRVO, the VDs in the in-
volved area were lower than in the uninvolved area. The
VDs are thought to be preserved at the onset of BRVO,
with gradual lowering over time. There is a moderate cor-
relation between VDs and symptom duration. These re-
sults may suggest that damage to the inner retina decreases
the oxygen demand, which ultimately decreases the blood
flow to the SCP in chronic BRVO.

We also investigated CC, which is not typically reported
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in studies on BRVO. The VDc did not differ between cases
of acute and chronic BRVO. Although this result was not
statistically significant, the VDc was lower in the involved
area than in the uninvolved area in both acute and chronic
BRVO. In particular, the low VDc value was well observed
in patients with high stromal decorrelation signals (Fig. 2).
Further investigation is needed to determine if the oxygen
demand of the inner retina affects the blood flow of the
CC.
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Table 4. Univariate linear regression analysis of visual acuity and symptom duration factors in branch retinal vein occlusion

Visual acuity (logMAR) Symptom duration (mon)
B p-value B p-value
Age 0.411 0.008" 0.220 0.172
Symptom duration (mon) 0.131 0.422 - -
Visual acuity (logMAR) - - 0.131 0.422
Ocular perfusion pressure -0.190 0.261 -0.219 0.193
Parafoveal involved area
Retinal thickness -0.190 0.239 -0.379 0.016
GC-IPLT -0.015 0.925 -0.398 0.011"
Outer retina layer thickness -0.355 0.025 -0.259 0.107
Choroidal thickness -0.097 0.551 -0.089 0.586
Vascular density of superficial capillary plexus -0.224 0.165 -0.283 0.077
Vascular density of deep capillary plexus -0.379 0.016" -0.063 0.699
Vascular density of choriocapillaris -0.376 0.017 -0.082 0.615

logMAR = logarithm of the minimum angle of resolution; GC-IPLT = thickness between ganglion cell layer to inner plexiform layer.
“p < 0.05 by results using backward variable elimination in the multiple linear regression models including only the covariates with

p<0.10.

In multivariate linear regression analysis, the factors that
affected visual acuity were age and VDd. These findings
were consistent with those from previous studies, which
found that VDd was an important factor for visual acuity
during OCTA [8,15-17]. The DCP is thought to play an im-
portant role in oxygen supply to the photoreceptor [18]. We
also found that age affected visual acuity. Previous studies
have also found that age may affect vision, due to anatom-
ical and neurological changes in the eye and visual path-
way [19-23]. However, only the visual performance, in-
cluding reading speed or contrast sensitivity, deteriorates.
Visual acuity is well-maintained in older adults without
disease. Based on these results, if a disease affects the
macula, the visual acuity may be impacted, particularly in
older patients. This finding suggests that older individuals
are more vulnerable to these types of diseases, because
their peripheral vision declines with age [24].

The OCT parameters in this study were similar to those
reported in a previous study [25]. In cases of chronic
BRVO, the GC-IPL thickness in the involved area was
lower than in the uninvolved area, however, the ORL
thickness was preserved, regardless of the BRVO. Multi-
variate linear regression analysis showed that the GC-IPL
thickness affected symptom duration. This result is similar

to that of previous studies, which found that after BRVO
development, there is progressive retinal nerve fiber layer
thinning over time [26]. In acute BRVO, there was no dif-
ference between the GC-IPL thickness in the involved and
uninvolved areas. In general, the retinal thickness in the
involved area is thicker than in the uninvolved area due to
edema. In this study, we specifically excluded subjects
with retinal edema because retinal edema leads to under-
estimation of the VD in OCTA images, and especially the
DCP [27,28]. There were no differences in the choroidal
thicknesses between the involved and uninvolved areas.
The hypothesis that retinal ischemia leads to increased
vascular endothelial growth factor (VEGF) production,
and ultimately thickens the choroid, is now accepted
[29,30]. In cases of BRVO with macular edema, there is
controversy and ongoing discussion about whether there is
a difference in the choroidal thickness between the in-
volved and uninvolved areas [31,32]. The choroidal thick-
ness in chronic BRVO does not differ from the corre-
sponding eye, given the normalized VEGF level [33]. In
this study, we analyzed the BRVO without macular edema.
In cases of BRVO without macular edema, the VEGF level
was lower than in BRVO with macular edema, which
would not affect the choroidal thickness.
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Previous OCT studies have employed spectral domain
OCT, however spectral domain OCT has limited penetra-
tion. In addition, it is difficult to automatically measure
choroidal thickness. Therefore, the studies only used the
choroidal thickness of the subfoveal area, or of specific
points. The swept source OCT used in this study clearly
demonstrates the choroidoscleral junction without an aver-
aging process. This allowed accurate automated measure-
ment of choroidal thickness by specific region. The CC
measurement using OCTA may also be advantageous be-
cause of swept source OCT, compared to the spectral do-
main OCT, for the same reason.

The OPP was determined using blood pressure and in-
traocular pressure. Hypertension is a risk factor for BRVO.
Several prior studies have shown that the OPP affects cho-
roidal disease [34-36]. Therefore, it is important to consider
the effect of OPP when studying OCTA. We measured
whether OPP affects eyes with BRVO, however, there were
no factors that were associated with OPP (Supplementary
Table 1). These results are comparable to those previously
reported by our research team, in which we found that
there was no association between OPP and OCTA findings
in retinal disease [37].

In the OCTA images, there was a high stromal decor-
relation signal observed in wide capillary nonperfusion.
This phenomenon leads to overestimation of the VD by
automated measurement. Therefore, human judgment is
required when using the automatically measured VD. This
is one of the limitations of this study. Although it is more
accurate to use the method of measuring VD through bi-
narization, this approach is difficult to assess quickly in a
clinical environment. This study confirms the utility of au-
tomated VD measurements in OCTA images.

There were some other limitations to this study. The first
is the retrospective and cross-sectional design, which
makes it vulnerable to inherent biases. The second is in-
correct symptom duration. The symptom duration was
based on the patient’s statement; therefore, this could dif-
fer from the actual time of the disease progression. How-
ever, in patients with chronic BRVO, the symptom dura-
tion was longer than in patients with acute BRVO. The
result indicated that the symptom duration experienced by
the patient was related to the timing of actual disease.
Third, the OCTA software provides a parafoveal area with
a diameter of 2.5 mm, while the OCT software provides a
diameter of 3 mm. Therefore, there is a discrepancy in the
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area of measurement. Finally, the OCTA software used in
this study does not provide data on the foveal avascular
zone, or the flow void area of the CC. The foveal avascular
zone is known to be affected by BRVO and is provided by
other OCTA software. The flow void area of the CC is a
region where blood flow is depressed. This area provides
additional information about the status of CC. Therefore,
additional studies are needed to investigate the automati-
cally measured foveal avascular zone and flow void area of
the CC.

In conclusion, neuronal structural and vascular impaired
patterns in the retinal layer differed between acute and
chronic BRVO. These results suggest that neuronal struc-
tural and vascular change and remodeling develop differ-
ently in acute and chronic phases in BRVO, and that
changes in the acute phase, such as the deep vascular layer
could be important factors for visual prognosis.
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