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Abstract

Background: Retina Vein Occlusion (RVO) is the second
most common cause of retinal vascular disease worldwide
after diabetic retinopathy and its prevalence increases with

age.

Aimof Study: To evaluate the retinal microvasculature in
human subjects central and branch retinal vein occlusion using
optical coherence tomography angiography (OCT angiogra-
phy).

Patients and Methods: Twenty patients were recruited
from the outpatient clinic in Al-Mashreq Eye Center. The
study was performed during the time period between August
2018 and February 2019. OCTA (optica coherence tomography
angiography) was performed at Mashreq Eye Center. All
patients received a thorough explanation of the study design
and provided their written consent.

Results: Our study revealed that there was no statistically
significant difference between CRVO and BRVO group re-
garding demographic data, refraction, BCVA, FAZ, vessel
density and thickness map. Also there was no statistically
significant difference between CRV O group regarding FAZ,
vessel density in 2 dlices. There was no statistically significant
difference between BRVO group regarding FAZ in 2 slices,
vessel density in 2 dlices.

Conclusions: We concluded that with the ability to non-
invasively visualize vascular flow, OCTA could serve as a
new diagnostic tool for current ophthalmic research and
clinical practice.

Key Words: Central retinal vein occlusion — Branch retinal
vein occlusion — Optical coherence tomography
angiography on superficial capillary plexus and
deep capillary plexus.

Introduction

RETINAL Vein Occlusion (RVO) is the second
most common cause of retinal vascular disease
worldwide after diabetic retinopathy, and its prev-
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alence increases with age. Macular oedemaisthe
main complication of well-perfused forms of RV O,
limiting visual recovery in about half the cases
[12.

Recently a non-invasive technique, Spectral-
domain Optical Coherence Tomography (SD OCT),
has provided high-resolution images of both retinal
and choroidal structures. SD OCT scans of the
retina show bands of different reflectivity that
appear to correspond to the histologic layers of the
human retina, although strict correlation with
histology has not yet been demonstrated [34].

A newly developed amplitude decorrelation
algorithm provides information about blood flow
by comparing 2 consecutive b-scans. The "ANGIO-
VUE" optical coherence tomography angiography
(RTVUE XR; OPTOVUE, INC, FREMONT, CAL-
IFORNIA, USA) isthefirst commercialy available
OCT device able to provide OCT angiography
images [2].

As aready, reported, the Split-Spectrum Am-
plitude Decorrelation Algorithm (SSADA) analyses
OCT scans and enables distinction between static
and non static tissue with a scale of flow signals
of variable intensity [56]. The SSADA agorithm
also improves the signal-to-noise ratio in order to
minimize bulk axial motions and artifacts within
angiography scans. Thus, by calculating the ampli-
tude of decorrelation signal coming from consec-
utive b-scans, blood flow can be clearly visualized
[5-7].

It has already been demonstrated that a combi-
nation of c-scan OCT angiographies and corre-
sponding conventional BSCANS provides clear
images of both superficial and deep macular cap-
illary plexa [g].
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Aresas of non perfusion following BRVO could
be precisely delineated at severa retinal levels
using swept-source OCT microangiography. More-
over, De Carlo and associates described an area of
diffuse capillary nonperfusion, continuous with
the FAZ and telangiectatic vessels, in a case of
CRVO [10].

Aims of the work:

To evaluate the retinal microvasculature in
human subjects central and branch retinal vein
occlusion using optical coherence tomography

angiography (OCT angiography).

Patients and M ethods

Thisisacross sectional randomized descriptive
study was carried out on a cohort of twenty Egyp-
tian patients with known clinical diagnosis of
central or branch vein occlusion. Patients were
recruited from the outpatient clinic in Al-Mashreq
Eye Center. The study was performed during the
time period between August 2018 and February
2019. OCTA was performed at Mashreq Eye Center.
All patients received a thorough explanation of the
study design and provided their written consent.

Sudy population: All patients had the following:

Inclusion criteria:

1- Patients with aknown clinical diagnosis of
CRVO and BRVO.

2- Subjects with well controlled hypertension, or
hyperlipidemia were not excluded.

Exclusion criteria:

1- A history of ocular surgery (except for uncom-
plicated cataract surgery).

2- Previous laser photo coagulation or anti VEGF
or corticosteroids.

3- Any patient with diabetic retinopathy.

4- Those with significant ophthalmological comor-
bidities other than CRVO or BRV O methods:
All patients were subjected to the following:

1- Standard clinical examination and testing as

appropriate for their clinical disease, including
history taking.

2- Visual acuity assessment using auto refrac-
tometer, refraction and best corrected visual acuity
(B.C.V.A)) assessment using Snellen chart.

3- Slit lamp examination of anterior chamber.

4- Fundus examination using dlit lamp biomi-
croscopy with +90 Diopter lens.

5- Optical Coherence Tomography Angiography
(OCTA) scanning for superficial and deep capillary
plexa.

Optical Coherence Tomography Angiography
(OCTA): OCTA images were obtained using the
AngioVue (AngioV ue; Optovuel nc, Fremont, Cal-
ifornia, USA) machine and the incorporated An-
gioVue OCTA system. Algorithm used is Split-
Spectrum Amplitude Decorrelation Angiography
(SSADA). A-scan rate of the instrument is 70000
scans/second to compose OCTA volumes consisting
of 304 X 304 A-scans. AngioVue systemis provided
by an orthogonal registration algorithm called
Motion Correlation Technology (MCT) which
minimizes maotion artifacts produced by involuntary
saccades and changes in fixation during data ac-
quisition. The scans included in the study were of
high signal strength more than 0.7 and they were
carefully inspected for motion artifacts.

Satistical analysis:

The statistical methods that were used in this
study, included; range, mean (x), Standard ngia—
tion (SD), percentage (%), Chi-square test (X ) for
comparison of percentages, t-student test for com-
parison of means and probability level (p) for
stetistical significance. All p-valuesless than 0.05
were considered statistically significant. All statis-
tical calculations were done using computer pro-
gram's Microsoft Excel 2016 (Microsoft Corpora-
tion, NY) and SPSS (Statistical Package for the
Social Science; SPSS Inc, Chicago, IL) version 18
for the Microsoft Windows.

Results

Table (1): Comparison between CRVO and BRV O group
regarding refraction and BCVA.

CRVO group BRVO group Test p-

No.=12 No.=8 value vaue Sig.
Sohere:
Mean+SD 0.21£1.71 1.16+1.41 -1.199# 0.231 NS
Range -3.25-3 -0.75-35
Cylinder:
Mean £ SD -0.98+0.77 -0.97+0.98 -0.560# 0.576 NS
Range -3--05 -2.5-0
Axis:
Mean £+ SD  82.92+60.02 58.75+53.17 -1.083# 0.279 NS
Range 5-165 0-140
BCVA:
Mean £ SD  0.64+0.24 0.47+0.32 -1.137# 0.256 NS
Range 0.4-1 0.05-1
Air Puff:
Mean +SD  14.08+2.54 14.13+2.03 -0.039¢ 0.970NS
Range 10-18 11-17

p-vaue >0.05: Non significant.
p-vaue <0.05: Significant.
p-value <0.01: Highly significant.

« : Independent t-test.
#: Mann-Whitney test.
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This table showing that there was no statistically
significant difference between CRVO and BRVO
group regarding refraction and BCVA.

Table (2): Comparison between CRVO and BRV O group

regarding FAZ.
CRVO group BRVO group  Test p- "

FAZ1 No.=12 No=8  vaue vaue 29
Area (mm?):

Mean = SD 0.11#0.06  0.08+0.05 1373 0.187 NS

Range 0.04-0.19 0.04-0.19
Perimeter (mm):

Mean + SD 1.18+0.52  0.99+0.43 0.893 0.384 NS

Range 0.6-1.97 0.6-1.97
Circularity:

Mean = SD 0.65+0.06  0.64*0.06 0.292 0.774 NS

Range 0.6-0.82 0.6-0.77

p-value >0.05: Non significant. p-value <0.01: Highly significant.
p-value <0.05: Significant. « : Independent t-test.

This table showing that there was no statistically
significant difference between CRVO and BRVO
group regarding FAZ.

Table (3): Comparison between CRVO and BRV O group

regarding FAZ.
CRVO group BRVO group  Test p- "

FAZ2 No.=12 No=8  vdue vaue 9
Area (mm?):

Mean = SD 0.11¥0.06  0.07£0.05 1502 0.150 NS

Range 0.04-0.19 0.04-0.19
Perimeter (mm):

Mean * SD 1.16+0.51 0.98+0.42 0834 0415 NS

Range 0.6-1.97 0.66-1.97
Circularity:

Mean + SD 0.64+0.07  0.6%0.03 1663 0.114 NS

Range 0.6-0.82 0.53-0.64

p-value >0.05: Non significant. p-value <0.01: Highly significant.
p-value <0.05: Significant. « : Independent t-test.

This table showing that there was no statistically
significant difference between CRVO and BRVO
group regarding FAZ.

Discussion

Retinal Vein Occlusion (RVO) isthe second
most common cause of retinal vascular diseases
worldwide after diabetic retinopathy (Martinez et
a., 2014) [17].

Many etiologies can be attributed to devel op-
ment of RV O, however, the most commonly ac-
cepted are thrombosis and embolism [11], resulting,
in longstanding cases, in retinal ischemic changes
[12].

Only few studies applying OCTA however
quantified the findings and changes observed in
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the various retinal layers and in the choriocapillaris
in eyeswith RVOs [8,12].

We therefore conducted the present study to
examine and evaluate the retinal microvascul ature
in human subjects central and branch retinal vein
occlusion using optical coherence tomography

angiography (OCT angiography).

Refraction and BCV A showed no statistically
significant difference between CRVO and BRVO

group.

Our results were same as Szigeti et al. [17],
study to evaluate the association between ocular
Axial Length (AL), Vitreous Chamber Depth
(VCD) and both central (CRVO) and Branch Ret-
inal Vein Occlusions (BRVO) using Optical Low
Coherence Reflectometry (OLCR). Both eyes of
37 patients with unilateral CRV O and 46 patients
with unilateral BRVO were enrolled in this study.

In the CRVO group, mean BCVA was +0.70+
0.63 logMAR in the affected eyes and +0.11 +0.36
logM AR in the unaffected fellow eyes. In the
BRVO group, mean BCVAs of affected and fellow
eyeswere +0.41£0.40 logMAR and +0.06+£0.14
logMAR, respectively [24].

InLeeetal., [24], study they stated that BCVA
demonstrated a significant difference between 2
groups. The percentage of CRV O patients with
Snellen BCVA <0.2 was higher and the mean log-
MAR BCVA of the CRVO patients was aso sig-
nificantly worse (p=0.025 and 0.002, respectively).
The number of CRV O patients with a Snellen
BCVA <0.2 was 91 (44.8%). The distribution of
visua acuity was significantly different from that
of the BRV O patients, which consisted of 118
patients with a Snellen BCVA <0.2 (35.1%) [23].

Our results revedled that the FAZ (FAZ 1, 2)
areawas larger in CRVO thanin BRVO ([FAZ 1=
0.11+0.06mm°/FAZ 2=0.11+0.06 mm?] and [FAZ
1=0.08+0.05mm?%/FAZ 2=0.07+0.05mm?] respec-
tively) but, there was no statistically significant
difference between CRVO and BRV O group re-
garding FAZ.

Seknazi et al., [18], study correlations in patients
with retinal vein occlusion between the automati-
cally quantified macular vascular densitiesin the
superficial and Deep Capillary Plexus (DCP) ob-
tained using Optical Coherence Tomography An-
giography (OCTA) and the data from conventional
examination, particularly visual acuity and periph-
eral retinal nonperfusion assessed using Fluorescein
Angiography (FA).
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Their study was retrospective, observational
study of patients with retinal vein occlusion who
underwent a comprehensive ophthalmic examina-
tion including FA and OCTA using the AngioVue
OCTA system version 2015.100.0.35 (OptovueRT-
Vue XR 100; AVANTI, Inc, Fremont, CA).

Same as our results, they reported that the FAZ
areawas larger in CRVO than in BRVO (0.768+
0.623mm? and 0.515+0.581mm?, respectively, in
the SCP) [18].

Suzuki et a., [19], carried out a study on twelve
patients (23 eyes, mean age, 64 years) were includ-
ed (eight eyes with branch RV O, four with central
RV O, and 11 unaffected fellow eyes. The Foveal
Avascular Zone (FAZ) was evaluated with OCTA
before and after treatment.

Their result was the same. They aso found that
the FAZ areain eyeswith BRVO or CRVO was
enlarged, especially in the deep capillary layer.
Furthermore, the FAZ areawas larger in eyes with
CRVO than in those with BRVO.

Our study wasin contrast with results of Werner
et a. [20], they published a prospective cross-
sectional comparative study in 47 eyes of 47 pa-
tients was conducted to compare area of Foved
Avascular Zone (FAZ) in different retinal vascular
layersin Optical Coherence Tomography Angiog-
raphy (OCTA) and Fluorescein Angiography (FA)
in patients with Retinal Vein Occlusion (RVO).
The authors reported that there were no consider-
able differencesin BRVO and CRVO.

Cabral et al., [21] also conducted a retrospective
review of RV O patients without macular edema.
Patients underwent a comprehensive ophthalmic
examination including FA, spectral-domain OCT,
and OCT-A. Both the SCP and DCP were evaluated
using OCT-A. In the CRV O group, the median
FAZ areawas 0.49mm? (IQR: 0.37-0.61), while
in the BRVO group, the median FAZ areawas 0.54
mm? (IQR: 0.36-0.80). They noted that there was
no significant difference (all p-values were higher
than 0.05) between the CRVO and BRV O groups
in any of the analyzed parameters.

Regards ETDRS[ETDRS 1 and ETDRS 2]
(vessel density) BRVO were reduced (7.55 +3.89
and 5.69%4.66), but there was no statistically sig-
nificant difference between CRVO and BRVO
group regarding ETDRS[ETDRS 1 and ETDRS
2] (vessel density). There was no statistically
significant difference between CRV O group regard-
ing ETDRS (vessel density) in 2 slices. There was
no statistically significant difference between BR-

VO group regarding ETDRS (vessel density) in 2
dices.

In accordance with these results in our study
both superficial and deep plexusin BRVO were
reduced (7.55+3.89 and 5.69+4.66), nevertheless
as already suggested by other authors the deep
plexus was more severely affected compared to
the superficial plexus. In addition, in CRVO the
vessel density was reduced only in the deep plexus
compared to controls [22].

Cabral et al., biomarkers of peripheral nonper-
fusion in retinal venous occlusions using optical
coherence tomography angiography stated that the
mean whole en face density was 43.08+4.88 in the
SCP and 46.81£4.98 in the DCP (total group) but
with statistically significant difference CRVO group
regarding whole en face density in the DCP and
also there was statistically significant difference
in BRVO group regarding whole en face density
in the SCP [23].

KiaTarassoly et a., [24] showed that vessel
density and FAZ did not differ significantly between
groups with and without cystoid change.

Leeet al., [24], showed that the mean DCP VD
was similar for CRVO and BRVO eyes, regardless
of the presence of collaterals. Interestingly, the
mean SCP VD was lower for both CRVO and
BRVO eyeswith collaterals.

Other data from the study of Samaraet a., [25].
That reported lower vascular densities of superficial
and deep retinal capillary densities in patients
affected by BRV O compared to density values of
the fellow eye that mean In eyes with BRVO,
quantitative OCTA measurements confirm de-
creased vascular density in both the superficial
and deep vascular networks. Moreover, vascular
density and FAZ area appear to correlate with
visual function.

This discrepancy may be due to the different
inclusion criteriafor macular edema or different
OCTA platforms used.

The present study found no statistically signif-
icant difference between CRVO and BRV O group
regarding Thickness map.

In agreement with the results of Limaet al.,
[26], study, they found that there were also no sig-
nificant differencesin foveal thickness and central
subfield thickness between the two groups before
and after resolution of macular edema.
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Age had been found as a definite factor across
both disease entities (CRVO and BRVO) for pre-
dicting visual acuity outcomes, with younger age
associated with better BCV A, there was significant
relation between BCV A and age as with increasing
age there is decreasing BCVA, aso there was
significant relation between BCVA and V.A. as
with increasing V.A. thereisincreasing BCVA.

Y ounger patients may have better visual acuity
outcomes due to generally healthier ocular tissue
with improved likelihood for recovery following
an acute insult such asa RV O: For example, irrep-
arable damage to photoreceptors may be associated
with age.

In agreement with Scott et al., [27], they reported
that with younger age associated with again in 15
or morein visual acuity letter score in SCORE-
BRVO tria (with larger sample size).

Same results were found by Qin et al. [29],
study, the age was younger in Group | than that in
Group Il (46.4y vs. 57.5y).

Our study showed a significant relation between
BCVA and Perimeter (mm) of FAZ in 2 dlicesas
increasing Perimeter (mm) of FAZ with decreasing
in BCVA.

In contrast with other study by Kang et al., [29],
the area of superficial FAZ was positively correlated
with BCVA (logMAR) (r=0.303, p=0.014), and
the superficial and deep parafoveal VDs were
negatively correlated with BCVA (logMAR) (r=
20.366, p=0.002; r=20.545, p, 0.001, respectively).
The univariate regression analysis showed that the
BCVA (logMAR) was associated positively with
the area of superficial FAZ (p=0.014), and nega-
tively with the superficial parafovea VD (p=0.002)
and deep parafoveal VD (p, 0.001). Multivariate
linear regression analysis was performed using the
significant factors obtained from the univariated
analysis. The BCVA (logMAR) was associated
negatively with deep parafoveal VD (r2=0.297, p,
0.001).

Severa studies have reported that FAZ enlarge-
ment is correlated with visual acuity impairment,
and disrupted perifoveal microcirculation isin-
volved in the development of macular edemain
patients with retinal vein occlusion [29].

These results indicate that the FAZ increases
asthe BCVA decreases, and the superficial and
deep parafoveal VD decreases asthe BCVA de-
Creases.
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This study found that here was no significant
relation between BCVA and ETDRS (vessel den-
sity) in 2 dlices.

A study by Durbin et al., [30], showed that there
was aweak correlation between BCVA and vessel
density (Spearman coefficient=—0.28; p=.05). There
was arange of density observed within each ET-
DRS grade level, and the best variable with respect
to vessel density was aso correlated with BCVA
and severity of DR.

Deng et d., [31], stated that there was a negative
correlations between the logMAR BCV A and the
whole vascular density in the SCP and DCP as
well as the flow area of choriocapillaris were
observed.

Conclusions:

Our study demonstrates the potential contribu-
tion of OCT angiography as a new noninvasive
imaging technology that enables monitoring of the
macular area in both edematous and ischemic RVO.
OCT angiography can easily be repeated without
any risk and could be a useful imaging modality
in the management of macular edema secondary
to RVO, particularly to determine treatment effects
on the capillary bed.
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