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Macular Optical Coherence Tomography Angiography
Parameters in Central Retinal Vein Occlusion and
Differentiation of Ischemic and Non-Ischemic Types

Santral Retinal Ven Tikanikliginda Makuler Optik Koherens Tomografi Anjiyografi
Parametreleri ve Iskemik ile Iskemik Olmayan Tiplerin Ayrimi
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Abstract

Aim: To evaluate the macular microvascular parameters in central
retinal vein occlusion (CRVO) and to differentiate its ischemic and
non-ischemic types.

Methods: This study included 32 affected and 32 unaffected
eyes of patients with unilateral CRVO and 32 age and sex-
matched healthy control eyes. All participants had 6x6 scan
pattern macular optical coherence tomography, optical
coherence tomography angiography (OCTA) imaging. Vessel
density (VD), perfusion density (PD), and foveal avascular zone
area measurements of the superficial capillary plexus (SCP) were
automatically calculated.

Results: There were statistically significant differences among
the affected and unaffected eyes of CRVO patients and the
control eyes in terms of the mean VD of the central ring and the
median PD of the central and inner ring. There was a significant
decrease in the mean VD and PD values of the inner and outer
ring in the ischemic CRVO types compared to the non-ischemic
types.

Conclusion: The results of this study showed that VD and PD
in SCP were significantly affected CRVO. The alterations were
more pronounced in ischemic type of CRVO. OCTA imaging may
provide valuable information on early prediction of ischemic and
non-ischemic CRVO types.
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Amag: Santral retinal ven tikanikliginda (SRVT) makuler
mikrovaskiler parametrelerin degerlendirmesi ve iskemik ile
iskemik olmayan tiplerin ayirt edilmesi

Yontemler: Bu calismaya, tek tarafll SRVTli olgularin 32
etkilenmis ve 32 etkilenmemis gozu ile yas ve cinsiyet uyumlu
32 saglikli kontrol gozleri dahil edilmistir. Tim katiimcilara 6x6
tarama paterninde makuler optik koherens tomografi anjiyografi
(OKTA) gorintilemesi yapiimistir. Ylzeyel kapiller pleksusta
(SCP) damar yogunlugu (VD), perflizyon yogunlugu (PD) ve
foveal avaskiler bolge (FAZ) alani 6lglimleri otomatik olarak
hesaplanmistir.

Bulgular: SRVT'li gbzler, SRVT olgularinin etkilenmeyen goézleri
ve kontrol gozleri arasinda santral bdlge VD'si ile santral ve ig
halkanin ortanca PD’si agisindan istatistiksel olarak anlamli farkllik
saptandi. ic ve dis halkanin ortalama VD ve PD &lciimlerinde,
iskemik olmayan tipe kiyasla, iskemik tipteki o&l¢imlerde
istatistiksel anlamli bir azalma saptanmistir.

Sonug: Bu calisma, SRVT olgularinda SCP'de VD ve PD
Slcimlerinin anlamli olarak etkilendigini gostermistir. Degisiklikler
SRVT'nin iskemik tipinde daha belirgin saptanmisti. OKTA
goruntlleme, iskemik ile iskemik olmayan SRVT tipinde erken
tahmin konusunda degerli bilgiler saglayabilir.

Anahtar Sézciikler: iskemi, perfiizyon, retinal ven tikanikligs
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Introduction

Retinal vein occlusion (RVO) is the second most
common retinal vascular disease causing permanent
loss of vision following diabetic retinopathy (1). Visual
prognosis and outcomes are dependent on the presence
of retinal ischemia and macular edema. Severe retinal
ischemia causes increased vascular endothelial growth
factor (VEGF) levels, which may lead to neovascularization,
vitreous hemorrhage, neovascular glaucoma, and retinal
detachment (2).

RVO is classified into ischemic and non-ischemic types
based on non-perfused areas in fluorescein angiography
(FA). FA is the gold standard for evaluating the extent of
retinal ischemia and neovascularization in RVO (3). That
imaging technique requires intravenous fluorescein dye
injection for the acquisition of retinal images. In addition,
the procedure also has side effects including renal function
impairment, vomiting, nausea, and life-threatening severe
allergic anaphylactoid reactions due to the fluorescein
(4,5).

Optical coherence tomography angiography (OCTA) is
a novel, reproducible and non-invasive imaging technique
that enables clinicians to visualize the retinal microvascular
circulation. Moreover, different OCTA platforms also
provide quantitative data of macular microvasculature. In
a previous study, Casselhomde Salles et al. (6) analyzed
the foveal avascular zone (FAZ) area in central retinal
vein occlusion (CRVO) and observed FAZ enlargement
both in superior capillary plexus (SCP) and deep capillary
plexus (DCP). Koulisis et al. (7) showed a reduced vascular
density of SCP in cases with macular edema due to RVO
compared to that in eyes without edema. A recent study
revealed decreased parafoveal vascular density values in
SCP and DCP of eyes with CRVO (8). OCTA seems like a
promising method for clarification of changes in macular
microcirculation and evaluation of the ischemic status of
RVO.

In the present study, we aimed to investigate the
macular vascular parameters in SCP using OCTA and
to determine whether these changes may be used in
differentiation between the ischemic and non-ischemic
characteristics of RVO.

Methods

Study Design

This single-center, retrospective case-control study was
conducted from October 2019 to April 2020 in a tertiary
referral center for retinal diseases. Informed consent was
obtained from the participants before the examination,
and all measurements were taken from each patient before
enrollment. The study was carried out in accordance with
the Declaration of Helsinki and approved by the Hamidiye
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Ethics Committee of the University of Health Sciences
(20/218, 12.6.2020).

Participants and Examination

This retrospective study included 32 affected and 32
fellow eyes of patients with CRVO, and 32 healthy eyes
from normal subjects.

Unilateral CRVO patients with clear ocular media and
a healthy fellow eye and no history for an intraocular
surgical procedure or invasive intervention were included
in the study. The exclusion criteria were as follows;
spherical equivalent (SE) >6 diopters, axial length (AL)
>26 mm, media opacities preventing high-quality imaging,
uncontrolled diabetes and hypertension, history of
neurological diseases, myocardial infarction and stroke,
history of intraocular inflammation, history of intraocular
surgery other than uncomplicated cataract surgery, eye
trauma, the presence of ocular hypertension, glaucoma,
or any other retinal or optic disc pathology or congenital
anomaly.

CRVO was diagnosed based on clinical examination
findings, and retinal images. All eyes, including the healthy
eyes, underwent a comprehensive ophthalmological
evaluation, comprising best-corrected visual acuity (BCVA)
assessment with a Snellen chart, slitlamp biomicroscopy,
intraocular pressure (IOP) measurement using Goldman
applanation tonometry, axial length (AL) measurements,
and fundus examination in the dilated pupil. FA was only
performed in the CRVO group. BCVA was converted to the
logarithm of the minimal angle of resolution (IlogMAR) for
statistical analysis.

Fundus Fluorescein Angiography

FA imaging was performed using Spectralis (Heidelberg
Engineering, Heidelberg, Germany) FA module. All CRVO
patients were administered a 5 mL intravenous injection
of 20% sodium fluorescein for the evaluation of the dye
pattern and thereby the determination of non-perfused
areas of retinal tissue. Angiographic photographs were
taken 15-40 seconds after the injection. The presence of
a non-perfused area =10 optic disc diameter (DD) was
defined as peripheral ischemia for patients with central
retinal vein occlusion, and =5 DD non-perfused area
was defined as peripheral ischemia for branch retinal
vein occlusion. All FA procedures were performed after
the complete resolution of retinal findings in retinal vein
occlusion.

Optical Coherence Tomography Angiography
Image Acquisition

All CRVO subjects had OCTA on the same day with
FA imaging using Cirrus 5000 HD OCT with AngioPlex
(Carl Zeiss, Dublin, USA) device. Macular microvasculature
was evaluated using a 6x6 volume angiography scan
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pattern centered on the fovea. Vessel density (VD),
perfusion density (PD), and FAZ area measurements in
the superficial capillary plexus (SCP) of the macula were
automatically calculated based on an ETDRS grid using
the manufacturer’s software. In the ETDRS grid, inner and
outer rings correspond to the parafoveal and perifoveal
regions. Images with =8 signal strength during scanning
were recorded.

Statistical Analysis

Statistical analyses were performed using SPSS version
25.0. The conformity of the variables to normal distribution
was assessed with the Kolmogorov Smirnov test. For
variables that were normally distributed, the Independent
samples t-test was used to compare the groups, and for
variables that did not show normal distribution, the Mann-
Whitney U test was used. The chi-square test was applied
in comparisons of the proportions of the groups. For data
with normal distribution, ANOVA was used to compare
the means of the study groups and the Tukey test to
test the significance of pairwise differences. The Mann-
Whitney U-test was performed to test the significance
of pairwise differences using Bonferroni correction
adjusted for multiple comparisons. The relationships
between measurements were assessed with Spearman'’s
Correlation test. A 5% type-l error level was accepted as
statistical significance.

Results

Demographic Data

There were 18 male and 14 female participants both in
CRVO and control groups. The mean age was 60.7+11.6
years in CRVO group and 63.3+11.8 years in the control
group. No significant differences were determined in the
mean age between the CRVO patients and the healthy
subjects (p=0.39). There were no significant differences
between the CRVO and control group in terms of mean
BCVA, IOP AL, and SE (Table 1).

Optical
Analysis

Coherence Tomography Angiography

The mean central macular (CMT) and ganglion
cellinternal plexiform layer (GC-IPL) thicknesses were
390+134.7 um and 62.8+19.5 um in CRVO eyes,
248.2+27.1 um and 79.6£9.5 pm in the fellow eyes of
CRVO patients, and 258.4+23 um and 79.1£14.7 um
in the control eyes, respectively. The mean GC-IPL was
determined to be statistically significantly thinner, and the
mean CMT was statistically significantly thicker in eyes
with CRVO compared to the fellow and control group eyes
(p<0.001 for all comparisons).

VD and PD in the SCP were calculated as the central,
inner, and outer ring in the macular region. There were
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statistically significant differences among the affected
and fellow eyes of CRVO patients, and the control eyes in
terms of the mean VD of the central ring and the median
PD of the center and inner ring measurements (p<0.001,
p<0.001 and p=0.04, respectively). The comparisons of
OCTA measurements and the p values of eyes with CRVO,
the fellow eyes of the CRVO patients, and the control eyes
are presented in Table 2.

Subgroup Analysis of Ischemic and Non-Ischemic
Types of CRVO

The patients were classified into ischemic and non-
ischemic subgroups of CRVO. There was a significant
decrease in the mean VD of the inner ring and outer
ring, and in the mean PD of the inner ring and outer ring
measurements in the ischemic types of CRVO compared to
the non-ischemic form (p<0.001 for all comparisons). The
subgroup analysis of OCTA measurements in the CRVO
eyes and the p values are given in Table 3.

Discussion

With the increasing availability of OCTA, there has
been a recent interest of researchers in the assessment of
the effects of RVO on macular microvascular circulation.
OCTA is a useful non-invasive method to assess vascular
density, non-perfused vessels, SCP and, and macular
morphology in retinal vein occlusion (9,10). The results of
the current study showed that the mean VD of the central
ring was significantly lower, whereas the median PD in the
central and inner rings of the macular SCP was found to
be significantly higher.

CRVO affects both the superficial and deep plexuses
of the macula. Macular capillary network abnormalities,
such as capillary disruption or dilatation, mainly occurs in
the DCP The SCP is directly bonded to retinal arterioles
with greater perfusion pressure and oxygen supply, which
could explain why the SCP is less affected than the DCP in
RVO. The other plexus, DCP is mainly comprised of venous

Table 1 . Demographic data of CRVO patients and control
subjects

g:;lzo group ::;2"0' group p-value
Age, years 60.7+11.6 63.3+11.8 0.39**
BVCA, logMAR¥ 0.00+0.05 0.00+0.07 0.62**
IOR mmHg¥ 13.16+1.66 13.35+2.41 0.72**
AL, mm¥ 23.25+0.6 23.37+0.6 0.92**
SE, diopters¥ -0.24+0.6 -0.25+0.5 0.73**

Values are presented as mean + SD

¥Values were collected from the fellow eyes in the RVO patients.

*Chisquare test

**Independent samples t-test

CRVO: Central retinal vein occlusion, logMAR: Logarithm of the minimal angle of
resolution, I0P: Intraocular pressure, AL: Axial length, SE: Spherical equivalent,
SD: Standard deviation
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Table 2. Comparison of macular OCTA parameters among study groups

CRVO eyes CRVO fellow eyes Control eyes p-value
Vessel density (mm/mm?)
<0.001*
Central 945 6.5+4.6 3.6+2.2 CRVO-Control: <0.001
Fellow-Control: 0.02
Inner ring 13.1+4.5 13.945.1 12.14£3.5 0.27*
Quter ring 13.3+4.8 12.14£3.5 15.2+3.4 <0.20*
Perfusion density (%)
<0.001t
Central 19.3(0.2-41.7) 13.9 (1.6-32.6) 8.2 (0.4-17.3) CRVO-Control : <0.001
Fellow-control : 0.02
0.04t
Inner ring 33.5(5.7-46.1) 38.3(9.345.7) 30.5 (6-36.3) CRVO-Control : 0.04
Fellow-Control : 0.02
Outer ring 39.9 (6-49.1) 44.5 (12.5-48.3) 38.9 (12.5-46.3) 0.20t
Faz Area (mm?)
[ 0.25:0.1 | 0.2420.1 | 0.25:0.1 | 0.69*

Values are presented as mean = SD and median (minimum-maximum) values
*One-Way ANOVA test and Bonferonni multiple comparisons
tKruskal-Wallis test and pairwise comparisons
OCTA: Coherence tomography angiography, CRVO: Central retinal vein occlusion, SD: Standard deviation

Table 3. Analysis of macular OCTA parameters in ischemic and non-ischemic CRVO eyes determined via FA imaging

CRVO eyes

Ischemic (n=18) Non-ischemic (n=14) p-value
Vessel density (mm/mm?)
Central ring 8.2+5.7 10.1+3.8 0.25*
Inner ring 10.8+4.6 16.2£1.9 <0.00*
Outer ring 10.64.3 16.8+2.7 <0.001*
Perfusion density (%)
Central ring 14.2 (0.2-41.7) 20.7 (10.5-38.0) 0.20**
Inner ring 28.6 (5.7-44.7) 41.0 (30.4-46) <0.001**
Outer ring 27.0 (6.0-43.0) 44.0 (26.4-49.1) <0.001**

*By independent t test
**By Mann-Whitney U test

Values are presented as mean + SD and median+ minimum and maximum values

OCTA: Coherence tomography angiography, CRVO: Central retinal vein occlusion, SD: Standard deviation

collecting channels. When a venous occlusion occurs,
hydrostatic pressure elevates, and perfusion decreases,
and retinal hypoxia develops (11-13). In accordance with
the current study, Seknazi et al. (14) reported macular
microvascular abnormalities in both the SCP and DCP on
OCTA, although it was also stated that the DCP seems to
be more vulnerable than the SCP in RVO. Lee et al. (15)
noted that the mean VD of the SCP was lower in both
CRVO and BRVO eyes. The study also highlighted that the
VD in SCP was most significantly associated with collateral
formation, which is strongly linked to retinal ischemia. A
recent study revealed a significant decrease in both SCP
and DCP in BRVO and reported that the non-perfusion area
in the DCP tends to be greater than that in the SCP (16).
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Studies that have investigated macular microcirculation
in the SCP and DCP of RVO patients suggest that both
the superficial and deep plexuses are affected at different
levels. Moreover, reduction in vascular perfusion and
density of the DCP are more frequent and pronounced
in RVO. However, the changes in the SCP and DCP VD in
both ischemic and non-ischemic forms of RVO have not
yet been fully elucidated (17,18).

FA is the most commonly preferred technique to detect
peripheral and macular ischemia in RVO, however, the
DCP may not adequately be seen on FA. The evaluation
of the retinal non-perfused areas is the main determining
factor in the diagnosis of ischemic RVO. The presence of
diffuse peripheral ischemia in RVO may cause a significant
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visual impairment due to the development of retinal and
anterior segment neovascularization (3). To evaluate the
retinal ischemia optimally with FA, the disease should be in
a coalescent phase and intra and sub-retinal hemorrhages
should regress. However, that requires a follow-up period.
In the present study, the subgroup analysis of CRVO eyes
demonstrated that the mean VD and PD of SCP in the
inner and outer ring were significantly decreased in the
ischemic type of CRVO compared to the non-ischemic
type. Consistent with these results, Khodabandeh et al.
(8), also reported significantly lower VD and reduced flow
density in the parafoveal macular region in ischemic CRVO
compared to non-ischemic CRVO. Pellegrini et al. (19)
determined a negative correlation between the extent
of the non-perfused area and VD, and explained that VD
reduction is associated with an increase in non-perfusion
areas. Collateral vessels develop in RVO as a response to
vein occlusion, and this collateral formation has strongly
been associated with retinal ischemia and the extent of
the non-perfused area (15). The severity of peripheral
ischemia in CRVO may be associated with the grading
of the decrease in the OCTA parameters. Nevertheless,
vascular dilation and telangiectasias can give a false sense
of increased perfusion density in CRVO eyes. That can be
overcome by vessel length analysis which accepts all the
vessels as having the same caliber.

The margin of the central ring in the foveal capillary
network corresponds to an avascular capillary region,
known as the FAZ. In the current study, no significant
difference was determined in the mean FAZ measurement
in the SCP on OCTA, among study groups. The FAZ
measurements of the superficial capillary layer on OCTA
could not be compared with the FA images because of
the lack of automatized analysis in the angiography device.
Other studies have revealed that the FAZ area of SCP values
in OCTA is significantly larger than FA measurements and
also can be easily delineated (17,20). The discrepancy in
the study results may have arisen from the different OCTA
platforms that are used in studies.

Study Limitations

There were several limitations to this study. First,
our study is limited by its retrospective design and small
sample size. Secondly, a longitudinal study would be more
appropriate when evaluating retinal ischemia in CRVO.
Because it has been proven that 13-18 % of eyes with non-
ischemic CRVO at baseline may convert to ischemic type
at 6-18 months (21). The third limitation is the imaging
artifacts with OCTA. This is particularly essential in eyes
with poor visual acuity in which the artifacts may affect
accurate quantification of parameters. Finally, because
of the software used, a 6x6 scan pattern was used and
only SCP parameters were obtained. However, this scan
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pattern may not provide quantitative information in the
non-perfused areas. In addition, a 3x3 scan pattern would
have delineated the FAZ border more accurately (22).

Conclusion

The current study demonstrated that macular
microvascular parameters such as the VD and PD are
significantly affected in patients with CRVO. The changes
in SCP was more pronounced in the ischemic type of
CRVO compared to the non-ischemic type. Thus, OCTA
may be able to provide valuable information for the
early prediction of the ischemic type CRVO at the initial
examination before fluorescein angiography is performed.
Nevertheless, further studies are needed to confirm these
results.
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