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Purrose. To explore the central and peripheral retinal and choroidal changes in
retinal vein occlusion (RVO) and fellow eyes using ultra-widefield swept-source optical
coherence tomography angiography (UWF-SS-OCTA).

MerHops. Fifteen ischemic central RVO (CRVO), 15 branch RVO (BRVO), and
15 age-matched healthy controls were prospectively recruited. Retinal and choroidal
parameters, including retinal vessel flow density (VFD) and vessel linear density (VLD),
choroidal vascularity volume (CVV), choroidal vascularity index (CVI), and VFD in the
large and medium choroidal vessels (LMCV-VFD), were measured in the central and
peripheral regions of the 24 x 20-mm UWF-SS-OCTA images.

Resurts. Ischemic CRVO and BRVO eyes showed increased foveal avascular zone area,
perimeter, and acircularity index (AI) compared to their fellow eyes and healthy control
eyes, and RVO fellow eyes also had larger Al values than controls (P < 0.05). For ischemic
CRVO and BRVO eyes versus control eyes, VFD, VLD, CVV, CVI, and LMCV-VFD decreased,
but retinal thickness and volume in the superficial capillary plexus, deep capillary
plexus, and whole retina increased (P < 0.05). Moreover, RVO fellow eyes also showed
significantly decreased retinal VFD, LMCV-VFD, and CVI, as well as increased retinal
thickness and volume, compared with control eyes (P < 0.05). Alterations were not
consistent throughout the retina, as they involved only the peripheral or central regions
in some cases.

Concrusions. The affected and unaffected fellow eyes of RVO patients both demonstrated
central and/or peripheral structural and vascular alterations in the retina and choroid.
Because UWF-SS-OCTA enables visualization and evaluation of the vasculature outside
the posterior pole, it presents a promising approach to more fully characterize vascular
alterations in RVO.

Keywords: ultra-widefield optical coherence tomography angiography, retinal vein
occlusion, retina, choroid

etinal vein occlusion (RVO) is one of the most common
R retinal vasculopathies, with a global prevalence of 0.77%
among people 30 to 89 years of age, which is equiva-
lent to 28.06 million affected people.! The pathogenesis of
RVO is characterized by thrombosis and obstruction within
the retinal venous system, resulting from either retinal vein
compression or vessel wall damage. Based on the site of the
occlusion, RVO can be categorized as central RVO (CRVO) or
branch RVO (BRVO). RVO may markedly impair retinal circu-
lation, causing capillary damage that leads to complications
such as macular edema (ME), neovascularization, retinal or
vitreous hemorrhage, and eventually severe vision loss. RVO

Copyright 2024 The Authors
iovs.arvojournals.org | ISSN: 1552-5783

has been identified as a possible indicator of systemic vascu-
lar abnormalities, as conditions such as hypertension, hyper-
lipidemia, diabetes mellitus (DM), and atherosclerosis have
been established as systemic risk factors for RVO.!? Addi-
tionally, RVO patients also face an increased risk of cere-
brovascular diseases.?

Optical coherence tomography angiography (OCTA) has
been used to evaluate pathologic vascular changes in
RVO?-%; however, several issues remain unresolved. Notably,
alterations in the choroid associated with RVO have been
poorly characterized, with conflicting findings regarding
subfoveal choroidal thickness (SFCT) and flow density in the
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choriocapillaris.”® Additionally, there is also a lack of infor-
mation about alterations in the large and medium choroidal
vessels. Moreover, pathologic alterations in the fellow eyes
of patients with RVO have been incompletely studied despite
the systemic vascular associations of RVO, which might be
expected to have impacts on the fellow eye. In prior studies,
RVO fellow eyes were mainly used as controls or references
for comparison against alterations evident in RVO eyes,’!!
but these fellow eyes were not compared to healthy control
eyes.12 Furthermore, the choroidal vascularity index (CVD),
a parameter calculated as the ratio of the choroidal luminal
area to the total choroidal area in a single OCT B-scan, has
recently been introduced to quantitatively analyze choroidal
structure in the setting of various retinal diseases.!> More
recently, this two-dimensional (2D) CVI has been replaced
by a three-dimensional (3D) CVI assessment using the entire
OCT volume, but alterations in the 3D CVI in the setting of
RVO have not been evaluated. Finally, most previous studies
evaluating the retina and choroid using conventional OCTA
were limited to a field of view (FOV) ranging from 3 X
3 mmto 12 x 12 mm,'*~1® without evaluating regions beyond
the posterior pole, despite the fact that RVO commonly
involves these more peripheral retinal regions. Given these
gaps in knowledge, it would appear that a more compre-
hensive assessment of the retina and choroid using ultra-
widefield imaging techniques would provide better insights
into the angiographic and structural alterations and patho-
physiology of RVO. In this study, we applied the novel
ultra-widefield swept-source OCTA (UWF-SS-OCTA) with a
FOV of 24 x 20 mm, which enabled visualization of the
fundus beyond the posterior pole, allowing us to assess the

IOVS | February 2024 | Vol. 65 | No. 2 | Article 6 | 2

peripheral retina and choroid in both RVO and RVO fellow
eyes.

METHODS
Study Design

This observational cross-sectional study was conducted in
accordance with the tenets of the Declaration of Helsinki
and was approved by the Ethics Committee of Peking Union
Medical College Hospital (K3885). All included participants
provided informed consent at enrollment.

Sample Size Calculation

Based on our preliminary evaluation, the mean foveal avas-
cular zone (FAZ) area in the ischemic CRVO eyes and the
healthy control eyes was found to be 0.50 and 0.30, respec-
tively. With a type I error set at 0.05 and a power of 0.90,
the minimum required sample size in each group was deter-
mined to be 12.7

Participant Enrollment

The CRVO and BRVO groups were each comprised of 15
unilateral RVO patients with the diagnosis confirmed by two
experienced ophthalmologists (XZ, YC) at the Ophthalmol-
ogy Department of Peking Union Medical College Hospi-
tal in Beijing, China, from August 2021 to May 2022.
CRVO eyes exhibiting a deep capillary plexus (DCP) vessel
density of <38.4% or retinal non-perfusion involving >10

FiGure 1.

Schematic diagram of an ischemic CRVO participant. (A) Full retinal layer. All FAZ parameters, including the FAZ area, perimeter,

Al, and FD-300, were measured on the full retinal layer (from the inner limiting membrane to 6 um below the outer plexiform layer). FD-300
refers to the vessel flow density (VFD) in a 300-um annulus surrounding the FAZ (yellow arrowbead). (B-G) The 24 x 20-mm UWF-SS-OCTA
images of each retinal and choroidal layer were divided into 24 x 20 squares, each 1 x 1 mm, and each parameter was measured in the 1 x
1-mm square. The centered 12 x 12 squares were defined as the central region (red box), and other squares were defined as the peripheral
region. (B) Superficial capillary plexus (SCP) layer, showing VFD. (C) DCP layer, showing VFD. (D) Choriocapillaris (CC) layer, showing
VFD. (E) Large and medium choroidal vessel (LMCV) layer, showing VFD. (F) LMCV layer, showing choroidal vascularity volume (CVV).

(G) LMCYV layer, showing the CVI.
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Ficure 2. Schematic diagram of different retinal and choroidal
sublayers in the UWF-SS-OCT and UWF-SS-OCTA images. In the
UWEF-SS-OCT images, the area marked in red represents the retinal
vascularity and CC; the LMCV is marked in yellow; and the bound-
aries of sublayers are indicated by green lines. (A, B) SCP layer, from
the inner limiting membrane to 9 ym below the inner plexiform
layer. (C, D) DCP layer, from 6 pm below the inner plexiform layer to
9 um below the outer plexiform layer. In the UWF-SS-OCTA images,
the peripheral retinal arteries and veins remain visible in the DCP
layer due to the thinner nature of the peripheral retina and the fact
that the retinal vessels are partially situated in the DCP layer, rather
than being caused by projection artifacts from SCP. This assertion
finds support in the evident presence of retinal arteries and veins in
the DCP layer as seen in the UWF-SS-OCT B-scan images. (E, F) CC
layer, from Bruch’s membrane to 29 ym below Bruch’s membrane.
(G, H) LMCV layer, from 29 pym below Bruch’s membrane to the
choroidoscleral interface.

disc areas in the acquired UWF-SS-OCTA images were
categorized as ischemic CRVO.!®:!° The unaffected CRVO
fellow and BRVO fellow eyes were also included. In addi-
tion, the healthy control group was comprised of 15 age-
matched individuals without any ocular diseases (except for
cataracts or non-pathologic myopia), with one eye randomly
enrolled.
Exclusion criteria included the following:

1. Previous ocular treatment history, including intravitreal
injection, laser therapy, or ocular surgery (except for
cataract extraction)

2. Any other ocular comorbidities, such as diabetic retinopa-
thy (DR), hypertensive retinopathy, retinal arterial occlu-
sion, glaucoma, uveitis, etc. Participants with keratoconus,
high myopia (>—6.0 D), or high astigmatism (>3 D) were
also excluded.

3. Coexisting systemic diseases such as systemic autoim-
mune diseases that could be associated with RVO. In addi-

Downloaded from abstracts.iovs.org on 04/19/2024

IOVS | February 2024 | Vol. 65 | No.2 | Article6 | 3

tion, DM cases were also excluded because patients with
DM without clinically visible DR may also have abnormal
fundus microcirculation.?

4. RVO-induced vitreous hemorrhage or pre- or intraretinal
hemorrhage that could impair visualization of the retinal
and choroidal vasculature

5. Participants with poor-quality OCTA images or incomplete
medical records regarding their systemic history

All enrolled participants underwent comprehensive
ophthalmic examinations, including assessments of best-
corrected visual acuity (BCVA), intraocular pressure (IOP),
slit-lamp examination, mydriatic ophthalmoscopy, UWF-SS-
OCT, and UWF-SS-OCTA.

UWF-SS-OCTA Image Acquisition and Analysis

The UWF-SS-OCT and UWF-SS-OCTA images were captured
using a BMizar (BM-400K) instrument (TowardPi Medi-
cal Technology, Beijing, China). It utilizes a 1060-nm-
wavelength, swept-source vertical-cavity surface-emitting
laser with a speed of 400,000 A-scans per second, provid-
ing a transverse resolution of 10 pm and an axial resolution
of 3.8 um. The A-scan depth within the tissue is 6.0 mm
(2560 pixels). For UWF-SS-OCTA, a fovea-centered 24 x 20-
mm scan pattern was chosen. This pattern consisted of 1536
A-scans per B-scan at 1280 B-scan positions, resulting in a
15.625-um A-scan and B-scan separation. Central macular
thickness (CMT) and SFCT were measured in UWF-SS-OCT
images using instrument caliper tools. Two independent
ophthalmologists (XZ, QZ) performed these measurements,
and the mean value of each measurement was recorded. The
FAZ was automatically identified in UWF-SS-OCTA images
using the built-in instrument software, with errors manually
corrected when required. FAZ-related parameters, including
area, perimeter, Al, and flow density in a 300-um annu-
lus surrounding the FAZ (FD-300), were measured using
the full retinal slab (from the inner limiting membrane to
6 um below the outer plexiform layer) (Fig. 1A). The Al was
defined as the ratio of the FAZ perimeter to the standard
circular perimeter of the equal FAZ area.

The retina and choroid were automatically segmented
into sublayers by the built-in instrument software (Fig. 2),
with artifacts minimized by employing volumetric projection
artifact removal approaches. The retinal sublayers included
the superficial capillary plexus (SCP) and DCP, and the
choroidal sublayers consisted of the choriocapillaris (CC)
and the large and medium choroidal vessel (LMCV) layers.
All of these segmentations were manually inspected and
corrected as needed by two ophthalmologists (XZ, QZ)
before any calculation. The acquired 24 x 20-mm UWF-
SS-OCTA images of each layer were divided into 24 x 20
squares, each measuring 1 x 1 mm. The squares within
the centered 12 x 12 region were defined as the central
region, equivalent to the FOV of conventional 12 x 12 mm
OCTA images. Squares outside this region were defined as
the peripheral region (Figs. 1B-1G).

Retinal parameters, including vessel flow density (VFD),
thickness, and volume, were measured within the SCP, DCP,
and the full retina. VFD was calculated as the ratio of
the area occupied by the blood vessels divided by the
total image area.?! Following skeletonization, vessel linear
density (VLD), defined as the ratio of the length occupied
by the blood vessels to the total area in the linearized vessel
map,?? was measured within the SCP. Choroidal parame-
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Ficure 3. Representative UWF-SS-OCTA images of an ischemic CRVO participant. (A) Full retinal layer. (B) SCP layer, showing VFD.
(C) DCP layer, showing VFD. (D) CC layer, showing VFD. (E) LMCV layer, showing VFD. (F) LMCV layer, showing CVV. (G) LMCV layer,
showing the CVI.

Ficure 4. Representative UWF-SS-OCTA images of a BRVO participant. (A) Full retinal layer. (B) SCP layer, showing VFD. (C) DCP layer,
showing VFD. (D) CC layer, showing VFD. (E) LMCV layer, showing VFD. (F) LMCV layer, showing CVV. (G) LMCV layer, showing the CVI.

ters measured from the UWF-SS-OCTA images included CC-  Data Analysis

VFD, LMCV-VFD, and choroidal vascularity volume (CVV)

and CVI measured for the LMCV. CVV represents the volume Numerical and categorical data are displayed as mean =+
of LMCV, and the CVI is the ratio of CVV to the total SD and frequency (percentages), respectively. The Snellen
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choroidal volume.”® Each parameter was measured in the BCVA was converted to the respective logMAR equivalent
whole scan, central region, and peripheral region. Repre- for statistical analysis.* The x2 test or Fisher’s exact test
sentative UWF-SS-OCTA images of CRVO and BRVO eyes are was performed for comparisons of categorical variables. The
shown in Figures 3 and 4. dependent-variables #-test or Wilcoxon signed-rank test was
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utilized to compare numerical data between the affected and
unaffected eyes in RVO patients, depending on the data @ '§ T2 2avsg T - Q
distribution. For the comparison of RVO and RVO fellow : g S §Zsse gS=z¢&S
eyes with control eyes, the independent-variables #-test or ) v
Mann-Whitney U test was chosen. All statistical analyses ©
were performed using Stata/SE 12.0 software (StataCorp, i T~ E82 Y B
College Station, TX, USA), with P < 0.05 considered statisti- Hl—mE S—9 5 28 )
cally significant. E H Er'o/ HHHe ¢ 8
S| BRI~ acog
~| & |w S v = -
REsuLTs - .
. o ry- 5218
Demographic Characteristics 3 ; = 23T
Participant demographics are summarized in Table 1. All g = Y
15 enrolled CRVO eyes (100.00%) met the criteria of a DCP Al '§ T2 =ZRE = .Q
vessel density of <38.4% or retinal non-perfusion involv- : ‘g 3s 232z SzZ8
ing >10 disc areas in the acquired UWF-SS-OCTA images, ) v v
which qualified them for classification as ischemic CRVO. ©
No hemi-RVO patients were identified. No statistically signif- § R A NRES . 5~
icant differences were observed in age, gender, IOP, spher- g|lTeneftmg =8 5
ical equivalent, or phakic status among the groups (P > g j Er'o/ij j ﬁ :;l SR é
0.05). The average RVO durations in the ischemic CRVO BlarnI®ede S«
and BRVO groups were 7.96 + 10.43 and 6.56 + 5.27 " =
months, respectively. Ischemic CRVO and BRVO eyes had Blew wowmoe = '~
significantly worse BCVA compared to both fellow eyes and 2 ‘E R £&888 8 g g
healthy control eyes (P < 0.001). Systemic hypertension R g|°° °ce=e~ g7°
was present in 13 ischemic CRVO patients (86.67%) and 12
BRVO patients (80.00%), but none was observed in controls 4 3 ARE N
(P < 0.001). AR S v AR gg’g‘
" . g2
g1 weug s
Retinal Parameters | BlZ® S32 -
A n -
A significantly increased area, perimeter, and Al of the FAZ 9 W .
were found in ischemic CRVO and BRVO eyes compared to g 2|8 E é i §
fellow eyes and healthy control eyes (P < 0.05). Ischemic 5 ; A E ?/' S
CRVO fellow and BRVO fellow eyes also had significantly = ;
higher AI than controls (P < 0.05). No statistically significant S Blwwnm "owwm = o
differences were present in CMT and FD-300 (P > 0.05). 3 ‘E 88 N 8 8 %\. %9. 8. E S
Both affected and unaffected fellow eyes of ischemic Rgl|e° 9°°° 97°
CRVO and BRVO patients had significantly lower SCP-VFD N
than controls in the whole scan, peripheral region, and 98T S8 =8 o~
8 central region (P < 0.05). Additionally, ischemic CRVO eyes g - Mmoo ®© =8 g = 8
% had lower peripheral SCP-VFD than their fellow eyes (26.14 5 g ﬂ B j: j\l j j E e @
‘5 * 402 vs. 28.65 + 1.25; P = 0.029). Significantly lower =& LR el L v
) DCP and full retinal VFD were found in ischemic CRVO, " =1
o ischemic CRVO fellow, and BRVO eyes than in controls (P - - =
S < 0.05). Comparison of DCP VFD and full retinal VFD in = @R RS SI0 o Aaa
.9 central and peripheral regions recapitulated these findings, § "I HE HAHAH g 3888
= with the exception of no difference in central retinal VFD g g 0¥ oo S&°
o8  between ischemic CRVO fellow eyes and control eyes (P > g oS 2 ~ 334° °°°
S 0.05). BRVO fellow eyes had a lower central DCP VFD than & - -
O controls (31.09 + 3.19 vs. 34.32 + 5.11; P = 0.047). The ‘é 2
‘©  SCP-VLD in ischemic CRVO and BRVO eyes was significantly g H
§ lower than in their fellow eyes and controls across the whole & 2 =
g scan areas of UWF-SS-OCTA images (P < 0.05). %‘ +H g %
b= The affected and unaffected fellow eyes of ischemic s § 2 a"f; =
o CRVO and BRVO patients had significantly increased thick- Lé E HT o »
O ness and volume in the SCP, DCP, and the full retina (P < s a 2% &5 § 3 2
@ 0.05) compared to controls, except for no difference in SCP éb H 1’ E : g E‘ N/ 'g g % g
._E thickness between BRVO fellow eyes and control eyes (P > P § o § cSE ,_;3 g P g f§ g
@  0.05). When comparing BRVO eyes with BRVO fellow eyes, ‘ oI ETE g E %‘ % °gé if- =
g greater thickness in the DCP and full retina and a higher - é o) &2 2 £z28 28 'é g Q\:
¢ volume in all retinal layers were observed in the BRVO eyes 2 TleloFa g3 8 ZRE |
g (P < 0.05). The comparisons of retinal parameters among g S| 25222824

groups are summarized in Table 2.
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Choroidal Parameters

Ischemic CRVO and BRVO eyes had significantly decreased
LMCV-VFD compared with control eyes in the whole scan,
central, and peripheral regions (P < 0.05). Lower whole
scan and peripheral LMCV-VFD values were also found
for ischemic CRVO fellow eyes versus control eyes, and
for BRVO eyes versus BRVO fellow eyes (P > 0.05). Both
ischemic CRVO and ischemic CRVO fellow eyes had signif-
icantly lower whole and central CVI values compared to
controls (P < 0.05). Lower peripheral CVI values were
also observed for ischemic CRVO fellow eyes compared to
control eyes (25.47 £ 1.99 vs. 29.02 + 3.87; P = 0.004). In
addition, the central CVI in BRVO eyes was 31.19 £+ 4.12,
which was significantly lower than in control eyes (34.41
+ 4.34; P = 0.047). No significant differences existed in
SFCT, CC-VFD, and CVV among these groups (P > 0.05)
(Table 3).

DISCUSSION

The present study is the first, to the best of our knowledge, to
utilize UWF-SS-OCTA to evaluate both retinal and choroidal
alterations in the central and peripheral regions of RVO and
RVO fellow eyes. Our findings indicate that both ischemic
CRVO and BRVO eyes showed FAZ enlargement and irreg-
ularity; we also detected FAZ irregularity in ischemic CRVO
fellow and BRVO fellow eyes. Both the affected and unaf-
fected eyes of ischemic CRVO and BRVO patients had
decreased VFD, increased thickness, and increased volume
in the central and/or peripheral retinal regions. Lower LMCV-
VFD and CVI were also observed in ischemic CRVO, ischemic
CRVO fellow, and BRVO eyes.

The FAZ is the macular capillary-free zone surrounded
by interconnected capillaries, with an average area of 0.20
to 0.40 mm? in healthy individuals.?> Wons et al.?° reported
that the size of FAZ may be an indicator of the status of foveal
circulation in retinal vasculopathy. In the present study,
ischemic CRVO and BRVO eyes had increased FAZ area
and perimeter compared to both fellow eyes and controls,
which is consistent with previous findings.?*~?® The Al is a
recently introduced parameter to evaluate deviation of the
FAZ shape from a perfect circle. Deng et al.?® found that
CRVO eyes had significantly higher AI than controls. Simi-
larly, our study reported increased Al in both ischemic CRVO
and BRVO eyes compared to their fellow eyes and healthy
control eyes. In addition, we found significantly decreased
VFD in ischemic CRVO and BRVO eyes in the SCP, DCP, and
full retina compared with the healthy control eyes, consis-
tent with previous findings.!!»**-3? It should be noted that the
DCP is the principal venous outflow system for the retinal
capillary plexuses, and collateral vessels typically develop
in the DCP during the evolution of RVO.>* Previous inves-
tigations have pointed out that the development of these
collateral vessels is negatively associated with retinal VFD.?®
RVO could impair retinal venous outflow, cause dilation
and tortuosity of vascular segments, and increase the reti-
nal capillary pressure. These various pathologic alterations
may promote the exudation of blood and fluid into the inter-
cellular space,®® which might explain the increased retinal
thickness and volume observed in RVO eyes compared to
healthy control eyes in our study.

The choroid, containing the most extensive vasculature
in the eye, plays a critical role in supplying oxygen and
nutrition to the outer retinal layers. Given the interactions
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between the retina and the choroid, it is perhaps not surpris-
ing that RVO may have an impact on the choroid. Previ-
ous studies on SFCT in RVO eyes have yielded inconsis-
tent results, with several reporting increased SFCT in RVO
eyes®373% and others finding no difference between RVO
and their fellow eyes.'*4%-4! Our study found a similar SFCT
in ischemic CRVO and BRVO eyes compared to their fellow
eyes and controls. Whether RVO could impact the CC-VFD
is also a topic of controversy. Some OCTA studies have
observed lower CC-VFD in RVO eyes than their fellow eyes
and control eyes and the utilization of anti-vascular endothe-
lial growth factor (VEGF) agents could normalize the CC-
VFD.?*42% Nevertheless, other studies found similar CC-VFD
in CRVO and BRVO eyes compared to their respective fellow
eyes.'>% In our analysis using UWF-SS-OCTA, no differences
were observed in CC-VFD in ischemic CRVO and BRVO eyes
compared to their fellow eyes and control eyes. Although the
reasons for the discordant findings regarding the choroid in
RVO among these various studies are not well understood,
we speculate that differences in gender, axial length, type
and stage of RVO, and RVO-associated complications such
as ME may play a role.

Aribas et al.” proposed that the size of larger choroidal
vessels was either not influenced or only slightly increased
in RVO eyes, based on an evaluation of the ratio of the
thickness of the Haller layer to the whole choroid,. In this
study, we introduced a novel three-dimensional parame-
ter, CVV, to gain a more comprehensive understanding of
structural alterations in the LMCV in RVO eyes. Our find-
ings showed that the CVVs in ischemic CRVO and BRVO
eyes were similar to their fellow eyes and control eyes. The
CVI is a two-dimensional parameter introduced in previ-
ous studies to quantitatively analyze choroidal composition
and was defined as the ratio of choroidal luminal area to
the total choroidal area in OCT B-scans.®> A lower 2D CVI
was observed in RVO eyes compared to their fellow eyes
and controls.”'3%> Hwang et al.'® further noted that the
CVI in BRVO eyes increased and became similar to that
of their fellow eyes after intravitreal injection of anti-VEGF
agents. In our study, we computed a more comprehensive
3D CVI as the ratio of CVV to total choroidal volume. Using
this 3D approach, we noted that ischemic CRVO eyes had
significantly lower CVI values than healthy control eyes in
the whole OCTA image and the central region. In addi-
tion, BRVO eyes exhibited lower 3D CVI values than healthy
control eyes in the central choroidal region, although not in
the whole scan or the peripheral region.

However, the underlying mechanisms and pathogenesis
behind the decreased CVI in RVO eyes remain unclear. The
decreased CVI with unchanged CVV in RVO eyes may imply
an increased choroidal stromal volume, which may suggest
the possibility of choroidal swelling or congestion affect-
ing the stroma. The lower LMCV-VFD in ischemic CRVO and
BRVO eyes compared with healthy control eyes might also
be explained by the increased choroidal stromal volume.
Previous studies have reported that the impaired venous
flow in RVO may cause blood and fluid exudation into
the intercellular space.® We speculate that impaired reti-
nal venous outflow may promote extracellular fluid move-
ment toward the choroid, contributing to choroidal stroma
swelling and an increase in volume. An alternative hypoth-
esis is that the ischemia-induced production of VEGF may
also impact the adjacent choroid, leading to increased
choroidal vascular fluid leakage and attendant choroidal
stromal edema.’ Julien et al.”’ found that anti-VEGF agents
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could reduce the number of choriocapillaris endothelial cell
fenestrations in monkeys. This finding might suggest that
anti-VEGF agents have the potential to reduce fluid leakage
through fenestrated vascular walls, possibly thereby reliev-
ing choroidal stromal swelling. Mitamura et al.*® did find that
intravitreal aflibercept injection could significantly reduce
the choroidal stromal area in RVO eyes. The observation
of a decreased CVI with unchanged CVV in the unaffected
fellow eyes of RVO patients compared to healthy control
eyes raises the possibility that the reduced CVI might also
be attributed to systemic conditions, such as hypertension or
other cardiovascular risk factors. Whether isolated choroidal
stromal expansion is specific to RVO or may be observed
in other conditions requires further study. It is notable that
eyes with central serous chorioretinopathy typically feature
choroidal luminal expansion,* but diabetic ME is associated
with increased luminal and stromal volumes.*®

Our findings revealed notable alterations in the retina
and choroid of the unaffected fellow eyes of RVO patients.
For example, ischemic CRVO fellow eyes were associated
with significantly decreased retinal VFD, increased retinal
thickness and volume, increased LMCV-VFD, and decreased
CVI compared to healthy controls. These findings align
with previous research by Park et al.,’° who also reported
microvascular impairment in the retina and choroid of RVO
fellow eyes. Collectively, these results lend support to the
hypothesis that RVO is not solely a localized ocular event
but may instead be indicative of broader systemic vascular
changes affecting both eyes. The observed retinal microvas-
cular impairment in RVO eyes could arise from a combina-
tion of the influence of systemic risk factors prior to the
onset of occlusion and the non-perfusion area that devel-
ops after vein occlusion. A meta-analysis conducted by Song
et al.! reported various systemic factors associated with a
higher risk of RVO, such as advanced age, hypertension,
myocardial infarction, stroke, higher total cholesterol, and
higher creatinine. Therefore, it may be speculated that the
management of systemic factors may be relevant to prevent-
ing the progression of RVO.

The utilization of UWF-SS-OCTA imaging in this study
allowed for the comprehensive visualization of both central
and peripheral fundus regions in a single examination. For
example, we noticed that, compared to controls, ischemic
CRVO fellow eyes had significantly lower peripheral LMCV-
VFD, but no significant difference existed in the central
region. In BRVO eyes, a lower LMCV-VFD than in their fellow
eyes was found in the peripheral region but not in the central
region, which would typically be the only region evaluated
by conventional OCTA imaging. The importance of employ-
ing UWF imaging assessments has also emerged in other
retinal vascular diseases, such as in DR, where peripheral
lesions are thought to be of prognostic importance and may
impact future staging systems for DR.>!>? UWF-SS-OCTA,
enabling the visualization of the peripheral fundus region,
is a promising imaging technique to characterize the retinal
and choroid vasculature.

In OCTA images, minimizing volumetric projection arti-
facts from the SCP is crucial for achieving clear visualiza-
tion and accurate quantification of vessel flow in the outer
retinal layers, particularly in the DCP layer. In our study,
we observed that the peripheral retinal arteries and veins
remained visible in the DCP layer of UWF-SS-OCTA images.
This finding is consistent with the report by Hormel et al.
(I0VS 2023;64(8):ARVO E-Abstract 4422), who also observed
the visualization of peripheral retinal arteries and veins in
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UWEF-SS-OCTA images. The visibility of these vessels in the
DCP layer can be attributed to the thinner nature of the
peripheral retina and the partial location of retinal vessels
within the DCP layer, rather than as a result of projection
artifacts from SCP. Further supporting this explanation is the
clear presence of retinal arteries and veins in the DCP layer,
as demonstrated in the UWF-SS-OCT B-scan images of our
study.

Fluorescein angiography has traditionally served as the
standard imaging modality for assessing retinal perfusion in
cases of RVOs within clinical practice, but it presents impor-
tant limitations, including invasiveness, time-consuming
procedures, and the potential for severe systemic risks. The
introduction of OCTA has revolutionized the non-invasive
evaluation of fundus vasculature, eliminating the need for
invasive dye administration.’®> Our study found that OCTA
could offer clear visualization of non-perfusion areas in
RVO-affected eyes, demonstrating its potential to distinguish
between ischemic and non-ischemic RVO cases. This distinc-
tion is invaluable for informing the prognosis and guid-
ing the management of RVO. Furthermore, OCTA provides
depth-resolved angiographic images, enabling quantitative
analysis of choroidal sublayers, which are largely over-
looked in fluorescein angiography. Our study, utilizing the
innovative UWF-SS-OCTA, has revealed specific choroidal
alterations in RVO eyes that have the potential to ignite
researchers’ interest in further exploring the relationship
between these alterations and the progression of RVO
in prospective studies. These choroidal alterations could
potentially serve as prognostic parameters for the effec-
tive management of RVO cases. Moreover, the notable reti-
nal and choroidal alterations observed in the unaffected
fellow eyes of RVO patients suggest a link between RVO
and systemic vascular changes and underscore the impor-
tance of systemic management for RVO patients in clinical
practice.

Our study is not without limitations that should be
considered when assessing our findings. First, our sample
size was relatively small; thus, we may have been under-
powered to detect small differences in parameters between
groups. However, despite this, a number of significant
differences, including those between fellow eyes and
healthy control eyes, were observed. Second, as this was a
hospital-based study, the population, particularly the healthy
controls, may not reflect the broader community. Third, RVO
patients included in this study only underwent single time-
point OCTA imaging, and this may have occurred at differ-
ent time points following the RVO diagnosis. Variability
in disease duration may impact our results, as longitudi-
nal alterations in the circulation may affect these patients.
Further prospective longitudinal studies with larger study
populations will be necessary to address these limitations.
Nonetheless, we believe our findings underscore the impor-
tance and value of widefield SS-OCTA imaging.

In conclusion, the affected and unaffected fellow eyes of
RVO patients showed both central and/or peripheral struc-
tural and vascular changes affecting the retina and choroid.
UWEF-OCTA, enabling the visualization of the more periph-
eral fundus regions, offers a promising approach to more
fully characterize vascular alterations in RVO.
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