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Abstract

Objectives: To evaluate the subtle peripheral retinal and macular
vascular changes in the fellow eyes of patients with unilateral retinal vein
occlusion (RVO).

Materials and Methods: This retrospective study included 53 patients
with unilateral RVO and 44 age-matched controls. The frequency of
peripheral retinal vascular pathologies in both eyes was evaluated using
high quality ultra-wide field fluorescein angiography (UWFFA). Macular
vascular density, flow area, and foveal avascular zone measurements
from optical coherence tomography angiography (OCTA) were analyzed
together with laser flare photometry values in patients and controls.

Results: Peripheral retinal vascular pathologies were detected on
UWTFFA in the fellow eyes of 36 (67.9%) patients. No significant central
vascular pathologies were detected on OCTA and there was no significant
difference in OCTA parameters between the fellow eyes and the controls.
Flare values did not differ significantly between the control and the fellow
eyes.

Conclusion: Two thirds of the fellow eyes of unilateral RVO patients had
subtle peripheral retinal vascular changes, while there was no significant
microvascular change detected with OCTA in the macula. This suggests
that vascular changes caused by systemic vascular disorders probably first
start in the peripheral retina of the fellow eyes of patients with RVO.
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Introduction

One of the most common and severe retinal vascular
diseases is retinal vein occlusion (RVO).! Based on the location
of the lesion, RVOs are classified as branch retinal vein
occlusion (BRVO) and central retinal vein occlusion (CRVO).
Although the exact pathogenesis of both BRVO and CRVO
has not yet been determined, there are multiple suggested
mechanisms and identified risk factors. Systemic conditions
such as atherosclerosis, hypertension (HT), diabetes mellitus
(DM), and thrombophilia are among the leading risk factors
for the development of RVO.>**¢ Patients with RVO also
have an increased risk of cardiovascular diseases.”® It was shown
that RVO is associated with increased arterial stiffness and
significant endothelial dysfunction. This strengthens the theory
that systemic arteriosclerosis with endothelial dysfunction has
a significant role in the development of RVO.” Considering all
these systemic etiologies and risk factors in RVO, the fellow eyes
of unilateral RVO patients may carry subtle vascular changes
and should be at risk of developing RVO. Some epidemiologic
studies have confirmed this expectation and reported that the
fellow eyes of RVO patients have a significantly increased risk
of RVO when compared with the general population and the
disease becomes bilateral in 15% of patients over time.*'

Subtle vascular changes in the fellow eyes cannot be detected
during routine ophthalmological examination or imaging
with routine optical coherence tomography (OCT) and fundus
fluorescein angiography (FFA). However, they may be revealed
using novel examination techniques like optical coherence

OCopyright 2023 by the Turkish Ophthalmological Association / Turkish Journal of Ophthalmology published by Galenos Publishing House.
Licensed by Creative Commons Attribution-NonCommercial (CC BY-NC-ND) 4.0 International License.

@929


https://orcid.org/0000-0001-7466-8845
https://orcid.org/0000-0002-2088-3416
https://orcid.org/0000-0001-5516-0747
https://orcid.org/0000-0002-5585-253X
https://orcid.org/0000-0001-9478-494X
https://orcid.org/0000-0003-0902-7165
https://orcid.org/0000-0002-7494-4106

Turk J Ophthalmol

tomography angiography (OCTA) for macular vascular changes
and ultra-widefield fluorescein angiography (UWFFA) for the
peripheral retina. OCTA is a newer, non-invasive method for
the visualization of retinal vascular layers and may detect subtle
changes in the deep capillary plexus at an early stage.'"'> UWFFA,
which shows almost the entire retina (up to 200°) and captures
the peripheral retina simultaneously without the need for patient
refixation, may reveal subtle vascular changes in the extreme
periphery of fellow eyes.'*!* Lastly, it is well known that blood-
retinal and blood-aqueous barriers are disrupted in eyes with
RVO. Therefore, there may also be barrier disruption in the fellow
eyes of RVO patients during the asymptomatic early period that
could be detected via laser flare photometry.">''" In literature,
there are studies evaluating the fellow eyes of patients with
unilateral RVO with electrophysiologic tests, microperimetry,
and retina layer thickness measurements.'*'®922! Additionally,
a limited number of angiographic studies were done to reveal
retinal or choroidal vascular changes in the fellow eye using
UWFFA in BRVO patients, adaptive optics scanning light
ophthalmoscope fluorescein angiography in CRVO patients, and
OCTA in RVO patients.’'**#?43 However there is no study
evaluating both peripheral and central subtle vascular changes
in the fellow eyes of unilateral RVO patients at the same time.
Therefore, this study aimed to search for possible blood-eye
barrier disruption and subtle peripheral and central retinal
vascular changes affecting the fellow eyes of unilateral RVO
patients using laser flare photometry, UWFFA, and OCTA.

Materials and Methods

Study Design

This retrospective study included adult patients who
underwent standard clinical evaluation and treatment for eye
diseases. The research protocol was approved by the Gazi
University Institutional Ethical Review Board (decision no:
2019-375/11, date: 04.11.2019). The study was designed in
compliance with the Declaration of Helsinki.

Participants

The medical records and images of unilateral RVO patients
who applied to the Ophthalmology Clinic of Gazi University
Hospital between January 2018 and March 2020 were reviewed.
Those with good quality UWFFA, OCTA, and laser flare
photometry measurements from both eyes were included. Of
87 patients, 34 were excluded because of diabetic retinopathy,
age-related macular degeneration, other retinal vascular diseases,
high myopia (spherical equivalent >6 diopters), previous retinal
surgery, or any media opacity which prevented high-quality
OCTA and UWFFA acquisition from both eyes. Age-matched
subjects who presented to the clinic for refraction examination
without any significant ocular diseases were included as controls.
Eligibility criteria for participants in the control group were
having undergone a comprehensive ophthalmic examination
with OCTA imaging and laser flare photometry measurements.
Best corrected visual acuity (BCVA) <20/25, high myopia
(spherical equivalent >6 diopters), significant media opacity, and

any retinal or choroidal pathology were the exclusion criteria for
the controls and the fellow eyes.

Demographic data, history of ocular and systemic diseases,
drugs used, and RVO duration and previous treatment (for
the RVO group) were collected from all participants. BCVA
and intraocular pressure (IOP) were noted for both eyes. All
participants had bilateral Heidelberg SD-OCT (Heidelberg
Engineering Inc., Heidelberg, Germany), OCTA (AngioVue;
Optovue Inc., Fremont California, USA), and laser flare
photometry measurements (Kowa Company Ltd, Nagoya,
Japan). Only participants in the RVO group had Optos 200
Tx (Optos, Dunfermline, Scotland) wide-angle color fundus
photography and angiography.

Ultra-widefield Flourescein Angiography

UWTFFA images were taken by Optos 200 Tx (Optos,
Dunfermline, Scotland) after
administration and evaluated independently by two physicians
(8.0., M.E.). The presence and extent of capillary non-perfusion,
neovascularization, collaterals, hyperfluorescent dots, and late
peripheral vascular leakage were recorded for RVO eyes. Patients
with a capillary non-perfusion area greater than 10 disc diameters
were considered ischemic cases and the others as non-ischemic. In
cases of BRVO, the affected area was noted. Images of the fellow

intravenous fluorescein

eyes were evaluated for the presence of any vascular pathology
such as capillary non-perfusion, late leakage, vascular loops or
anastomosis, hyperfluorescent dots, and pathological vessels.

Optical Coherence Tomography Angiography

OCTA images were analyzed based on 6X6 mm images
using the RTVue XR Avanti device (ReVue software, version
2015.100.0.35; Optovue Inc., Fremont California, USA). The
software automatically divides the tissue into different layers:
superficial capillary plexus, deep capillary plexus, outer retinal
layer, and choriocapillaris layer. Before any measurements, two
ophthalmologists (S.0., M.E.) independently evaluated the
images and checked the segmentation of the retinal layers.
For each layer (superficial or deep), vascular density (VD)
measurements from six areas (whole, superior, inferior, fovea,
parafovea, perifovea) were calculated separately. Superficial and
deep capillary plexus foveal avascular zone (FAZ) area, outer
retinal flow area (FA), choriocapillaris FA, and central macular
thickness (CMT) were provided automatically by the device.
Measurements of the FAZ area in the images of RVO eyes could
not be standardized due to cystoid macular edema or retinal
thinning.

Statistical Analysis

The SPSS statistical package program (version 22.0 for
Windows; IBM Corp., Armonk, NY, USA) was used for
statistical analysis. Chi-square test was used for comparisons
of categorical variables. Continuous variables were compared
with the independent variables t-test, One-Way ANOVA,
Kruskal-Wallis test, and Mann-Whitney U test, depending on
conformity to normal distribution. The significance level was
accepted as p<0.05.
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Results

A total of 53 patients with unilateral RVO (18 patients
with CRVO and 35 patients with BRVO) and 44 controls were
included in this study. The demographic data of the controls and
patients are shown in Table 1. The mean age of the patients was
61.28+11.87 years (range, 26-84 years). Twenty-eight patients
(52.8%) were female and 25 (47.2%) were male. HT was
observed in 31 patients (58.5%) and DM in 17 patients (32.1%).
Seventeen patients (32.1%) were on antiplatelet therapy and
10 (18.8%) of them started antiplatelet therapy before RVO
diagnosis. Glaucoma was observed in 13 patients (24.5%). There
was no history of additional ocular disease except mild cataract in
the patients’ fellow eyes.

The control group included 44 eyes of 44 participants. The
male/female ratio was 29/15 and the mean age was 59.4+9.1
years (range, 36-73 vyears). Nineteen (43.2%) of them had
HT, 13 (29.5%) had DM, and 6 (13.6%) were on antiplatelet
therapy (Table 1). None of the controls had a history of ocular
disease except mild cataract. There was no statistically significant
difference between the control group and the study group in
terms of mean age, sex, or systemic comorbidities (Table 1).

The ophthalmologic findings of the groups are shown in Table
2. The mean LogMAR BCVA of the patients was 0.55+0.54 in
the RVO eyes and 0.03+0.11 in the fellow eyes (Mann-Whitney
U test, p<0.001). There was no significant difference in BCVA or
IOP between the fellow eyes and the control group (p>0.05) and
no significant difference in IOP between the RVO and fellow eyes
(p>0.05). The frequency of pseudoexfoliation and glaucoma did
not differ significantly between RVO and fellow eyes (chi-square
test, p=0.696 and p=0.143, respectively). The mean duration of
RVO was 56.3+50.84 months (range, 4-200 months). Of the 53
patients with unilateral RVO, 12 (22.6%) were treatment-naive,
15 (28.3%) had undergone laser photocoagulation and anti-
Vascular endothelial growth factor (VEGF) injections, and 26
(49.1%) had received only anti-VEGF injections.

Laser flare photometry measurements were done at least one
month after the anti-VEGF injections or at least two months
after laser photocoagulation. The mean laser flare photometry

values were 11.94+8.47 photons per millisecond (ph/ms) in
RVO eyes, 7.47+5.64 ph/ms in the fellow eyes, and 6.68=3.51
ph/ms in the control group (Table 3). The flare photometry
values were significantly higher in RVO eyes compared to both
fellow eyes and controls (p=0.001). Although flare values were
slightly higher in the fellow eyes than the control eyes, the
difference was not significant (p=0.935). Flare values in the RVO
eyes did not differ significantly based on the type of RVO, extent
of ischemia, or previous treatment for RVO (Table 3).

The UWFFA findings in RVO eyes and fellow eyes are shown
in Table 4. There was ischemic RVO in 16 eyes (30.2%), collateral
shunting vessels in 14 eyes (31.1%), retinal neovascularization in
3 eyes (5.7%), and panretinal laser photocoagulation scars in 15
eyes (28.3%) with RVO. Four of the 35 BRVO cases were macular
(7.5%) and 31 were extramacular (92.5%). Of the extramacular
BRVOs, 21 (39.6%) were superotemporal, 8 (15.1%) were
inferotemporal, 1 (1.9%) was superior hemispheric, and 1 (1.9%)
was inferior hemispheric. On UWFFA of the fellow eyes of RVO
patients, the peripheral retina was normal in 17 eyes (32.1%; 7
CRVO, 10 BRVO), whereas some pathological findings could be
identified in 36 eyes (67.9%; 11 CRVO, 25 BRVO). Peripheral

Table 2. Ophthalmological findings of the study eyes

RVO eyes Fellow eyes | Control eyes
(n=53) (n=53) (n=44)
Mean + SD
BCVA (logMAR) 0.55+0.54 0.03+0.11 0.03+0.06
IOP (mmHg) 17.31+4.42 16.49+3.33 15.32+2.41
n (%)
Glaucoma 13 (24.5%) 7 (13.2%) 0(0%)
Pseudoexfoliation 4(7.6%) 3(5.7%) 0(0%)
Pseudophakia 14 (26.4%) 6(11.3%) 3 (6.8%)
Type of RVO: CRVO/ | 18 (34%)/35 _ .
BRVO (66%)

BCVA: Best corrected visual acuity, logMAR: Logarithm of the minimum angle of resolution,
IOP: Intraocular pressure, RVO: Retinal vein occlusion, CRVO: Central retinal vein
occlusion, BRVO: Branch retinal vein occlusion, SD: Standard deviation

Table 1. Demographic properties and systemic conditions
of patients and controls

RVO Control value
®=53) |- P
Mean + SD (range)
Age (years)
61.28+11.87 | 59.41+9.06 |  4g3
(26-84) (36-73)
Gender
Male/female 25/28 29/15 0.07
Systemic comorbidities 0. (%)
None 12(22.6%) | 10(22.7%) | 099
Hypertension 31(585%) | 19@43.2%) | 0156
Diabetes mellitus 17 (32.1%) | 13(29.5%) | 0.828
Anti-aggregant/anti-coagulant use | 10 (18.8%) | 6(13.63%) | 0489

RVO: Retinal vein occlusion, SD: Standard deviation

Table 3. Laser flare photometry values of the study groups

Compared study groups Flare (ph/ms) | p value*
BRVO/CRVO 10.23/15.04 0.240
Ischemic RVO/non-ischemic RVO 10.71/12.55 0.366
Previous treatment (+)/(-)

Anti-VEGF 11.58/13.06 0.441
Laser + anti-VEGF 14.54/10.77 0.119
RVO/control 11.94/6.68 0.001
RVO/fellow eyes 11.94/7.47 0.001
Fellow eyes/controls 7.47/6.68 0.935
Fellow eyes of CRVO/fellow eyes of BRVO | 8.35/6.97 0.704

*Mann-Whitney U test was used for comparisons, BRVO: Branch retinal vein occlusion,
CRVO: Central retinal vein occlusion, RVO: Retinal vein occlusion, VEGF: Vascular

endothelial growth factor, ph/ms: photons per millisecond
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hyperfluorescent dots and varying degress of disruption in the
peripheral capillary bed were the most common pathological
findings, observed in 29 (54.7%) and 22 (41.5%) of the fellow
eyes, respectively. There were vascular anastomosis or loop-like

shunt vessels in 8 (15.1%) eyes and late peripheral vascular
leakage in 4 (7.5%) of the fellow eyes (Figure 1). There was
no significant difference between the types of RVO in terms of
peripheral retinal vascular pathologies observed in the fellow eyes
with UWFFA (p=0.759) when the BRVO and CRVO patients
were evaluated in two groups.

Concerning systemic comorbidities in the 36 patients with

Figure 1. Ultra-widefield fluorescein angiography images from the unaffected
fellow eyes of patients with retinal vein occlusion: (a) localized microvascular
changes; capillary drop-out and microaneurysyms (arrows). (b) Vascular anastomoses
(arrows) and peripheral capillary drop-out (rectangle). (c) Multiple hyperfluorescent
dots (arrows) and late peripheral leakage (rectangle)

fellow eye pathologies, 10 patients (27.8%) had both HT and
DM, 13 (36.1%) had HT only, 2 (5.5%) had DM only, and
11 patients (30.6%) had no known systemic diseases. Of the
17 patients without any UWFFA findings in the fellow eyes,
5 (31.3%) of them had no systemic comorbidities. There was
no statistically significant difference between the groups with
respect to systemic comorbidities (p=0.366)

OCTA findings are shown in Table 5. The VD values
were significantly lower in RVO eyes compared to fellow
eyes in almost all areas except foveal VD in the deep capillary
plexus. Choriocapillaris FA was lower in RVO eyes and CMT
was higher in RVO eyes as compared to the fellow eyes, as
expected (p<0.001) (Table 5). However, there was no significant
difference between VD, FA, FAZ, and CMT values in the control
and fellow eyes (Table 5).

Discussion

This study primarily focused on the peripheral retinal and
macular vascular changes in the fellow eyes of patients with
unilateral RVO using UWFFA and OCTA. We demonstrated
peripheral retinal vascular changes in 67.9% of the fellow eyes
of RVO patients using UWFFA. The most commonly detected
vascular changes were peripheral hyperfluorescent dots (54.7%)
and disruption of the peripheral capillary bed (41.5%). In the
literature, there is only one study investigating UWFFA findings
in the fellow eye of RVO patients, but it included only patients

Table 4. Ultra-widefield fundus fluorescein angiography
characteristics of RVO patients

‘ n ‘ %
RVO eyes
CRVO 18 34
BRVO 35 66
Inferior hemispheric BRVO 1 1.9
Superior hemispheric BRVO 1 LY
Inferotemporal BRVO 8 15.1
Superotemporal BRVO 21 39.6
Macular BRVO 4 7.5
Ischemic 16 30.2
Non-ischemic 37 69.8
Neovascularization 3 5.7
Collateral formation 28 52.8
Fellow eyes
Positive angiography findings 36 67.9
Peripheral hyperfluorescent dots 29 54.7
Peripheral capillary plexus disruption 22 41.5
Peripheral shunt vessels (vascular loops) 8 15.1
Late peripheral leakage 4 7.5
No angiographic findings 17 32.1
BRVO: Branch retinal vein occlusion, CRVO: Central retinal vein occlusion, RVO: Retinal
vein occlusion
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Table 5. Optical coherence tomography angiography findings in RVO eyes, fellow eyes, and healthy control eyes

RVO group Fellow eyes Control group . "

(n=53) (0=53) (n=44) P P
Superficial capillary plexus vascular density (%)
Whole 41.2+64 47.5+4.8 48.5+3.2 <0.001 0.260
Superior 41.0£6.3 47.0+5.0 48.5+3.2 <0.001 0.111
Inferior 414+7.2 47.8+4.9 48.5+3.2 <0.001 0.437
Fovea 22.1+11.5 18.2+8.2 18.6+7.6 0.047 0.831
Parafovea 41.9+7.9 50.3+5.7 51.2+4.3 <0.001 0416
Perifovea 41.6+7.1 48.1+4.8 49.1+3.3 <0.001 0.245
Deep capillary plexus vascular density (%)
Whole 40.1+6.6 44.7+5.6 46.7+6.2 <0.001 0.092
Superior 39.5+7.0 44.5+5.9 46.5+6.3 <0.001 0.107
Inferior 40.3+7.2 44.8+5.8 46.9+6.3 <0.001 0.091
Fovea 34.8+12.2 33.4+9.5 35.1+7.8 0.509 0.35
Parafovea 43.8+8.2 51.0£5.3 52.3+4.5 <0.001 0.204
Perifovea 40.7+7.1 45.7+6.3 47.8+6.9 <0.001 0.122
FAZ area (mm?) 0.337+0.243 0.295+0.130 0.289+0.101 0.789 0.826
Outer retinal flow area (mm?) 0.688+0.453 0.770+0.399 0.666+0.369 0.234 0.120
Choriocapillaris flow area (mm?) 1.86+0.35 2.05+0.18 2.02+0.13 <0.001 0.295
Central macular thickness (nm) 333.43+184.14 248.51+23.84 251.91+26.88 0.007 0.511
#RVO eyes vs. fellow eyes, ##Fellow eyes vs. control eyes, RVO: Retinal vein occlusion, FAZ: Foveal avascular zone

with BRVO.?" They detected peripheral vascular leakage in 9
of the 81 eyes (11.1%) but did not investigate other peripheral
vascular changes in the fellow eyes.”’ In the present study,
peripheral late vascular leakage was detected in 7.5% of the
fellow eyes, similar to the previously mentioned study.

Systemic vascular diseases like DM and HT may cause
microcirculation problems like endothelial dysfunction and
peripheral vasoconstriction due to increased vascular resistance,
decreased blood flow, and increased plasma viscosity.®® As the
duration of the disease increases, severe atherosclerotic vascular
changes occur in the peripheral arteries of hypertensive patients.”’
This information is consistent with our findings of the disrupted
peripheral capillary bed and the resultant shunt vessels observed
in UWFFA. The presence of peripheral hyperfluorescent spots
(probably representing microaneurysms) also suggests localized
ischemia caused by HT and DM. Although in this study
we observed no statistically significant difference in systemic
comorbidities between patients with and without UWFFA
findings in the fellow eye, this could be due to the small patient
population. Further studies with larger patient populations may
show differences between these two groups. Nearly 6% of the
patients had HT and 32.5% had DM in the present cohort and
this explains why the retinal vascular structures of fellow eyes
were also affected to some degree. However, local factors (e.g.,
crowded disc, arterial compression, increased IOP) remain the
main determinants of asymmetric involvement in RVO.?>-*

Macular microcirculation is better assessed with the recent
technology of OCTA as compared to conventional FFA.''!2

In the present study we assessed macular microcirculation
changes in RVO eyes, fellow eyes, and control eyes with 6x6
mm OCTA images. VD values were significantly lower in
RVO eyes as compared to fellow eyes in almost all areas except
foveal VD in the deep capillary plexus. This was expected and
consistent with the literature.”>*? Koulisis et al.”’ examined
the fellow eyes of unilateral RVO patients and demonstrated
that VD was lower in the superficial and deep capillary plexus
in fellow eyes than in the control group. However, we failed to
demonstrate any significant difference in the VD, FA, FAZ, and
CMT measurements between the fellow eyes and the control
eyes. This discordance with the literature may be caused by the
similar distribution of systemic diseases like HT and DM in the
control group in our study. Supporting this idea is the fact that
the control groups did not have similar systemic diseases to the
RVO groups in the previously mentioned studies.”?*’ Patients
with HT have been shown to have decreased perifoveal capillary
density and decreased capillary blood flow velocity compared
to healthy subjects.'”® We believe that OCTA measurements in
a 6x6 mm area (which is average macula size) are more helpful
to show the vascular status of the entire macula rather than 3x3
mm measurements.

In the present study, we found that aqueous flare values were
significantly higher in RVO eyes than fellow eyes (p=0.001).
Increased aqueous flare mainly reflects the disruption of the
blood-aqueous barrier, which was shown to be damaged in RVO
eyes.” Flare values have been reported to be even higher in
ischemic CRVO than non-ischemic CRVO.!” However, we failed
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to demonstrate any statistically significant difference in aqueous
flare values of RVO eyes based on the presence of ischemia and
the type of RVO (Table 3). There was no statistically significant
difference between the control eyes and the fellow eyes, which
suggests that the subtle microvascular changes caused by
systemic vascular diseases do not reach a level that could affect
the blood-eye barriers to a detectable degree.

Study Limitations

First of all, peripheral retinal vascular changes could not be
compared with control eyes because we did not perform UWEFFA,
which is an invasive test, in the control group. Secondly, the
duration of RVO and treatment status of the eyes were variable
in the patients due to the retrospective nature of the study, and
this may have affected OCTA and flare measurements to some
extent. Thirdly, the sample size was small.

Conclusion

This is the first study to investigate all aspects of retinal
microvascular changes in the fellow eyes of patients with
RVO as determined with UWFFA (peripheral retina), OCTA
(central retina), and laser flare photometry (blood-retina and
blood-aqueous barriers). The fellow eyes of unilateral RVO
patients demonstrated some peripheral retinal vascular changes
such as capillary disruption, hyperreflective dots, peripheral
vascular anastomosis and loops, and late leakage in the UWFFA,
indicating that systemic factors affect both eyes to some extent.
However, microvascular changes in the macula could not be
demonstrated with OCTA analysis, suggesting that early subtle
vascular changes start to occur first in the peripheral retina in
these patients. Aqueous flare values demonstrated that the blood-
eye barriers were disrupted in the RVO eyes but not the fellow
eyes. Future prospective studies could help to determine whether
these subtle findings in the fellow eyes of unilateral RVO
patients could be associated with a higher risk of developing
bilateral disease.
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