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Abstract

Purpose To examine the macular microstructure in
macular edema (ME) due to retinal vein occlusion
(RVO) in terms of ischemic or nonischemic type to
determine whether and how ischemia affects macular
microstructure.

Methods This retrospective, nonrandomized study
included 75 newly diagnosed RVO cases (group 1: 55
nonischemic RVO cases and group 2: 20 ischemic
RVO cases) with evidence of center-involving ME
without any treatment. Quantitative measures on
spectral-domain optical coherence tomography
images were performed. Central subfield thickness
(CST) was collected in the central 1 mm from the
thickness map. The following items were evaluated in
a 3-mm-wide area (perifoveal ETDRS circle) centered
on the fovea: disorganization of the retinal inner layers
(DRIL), disrupted external limiting membrane (ELM)
and ellipsoid zone disruption (EZD). The microstruc-
tural changes were measured manually.

Results Baseline characteristics, such as age, sex,
study eye, and RVO risk factors, were similar between
the groups (P > 0.05). CST was 554.15 + 191.45 um
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for group 1 and 769.90 £ 290.00 pm for group 2 (P:
0.001). The extent of DRIL was
1864.09 & 941.70 um and 2447.25 £ 492.59 pm
for groups 1 and 2, respectively (P: 0.010). The
disrupted ELM length was 1700 (0-3000) um for
group 1 and 2725 (300-3000) pm for group 2 (P:
0.027). The EZD length was 1453.09 + 870.38 um
for group 1 and 1846.00 £ 926.54 pm for group 2 (P:
0.093).

Conclusions Ischemic RVOs cause greater macular
edema and greater disruption in the macular
microstructure compared to nonischemic RVOs, espe-
cially in terms of DRIL and ELM.

Keywords Ischemia - Macular edema - Macular
microstructure - OCT - Retinal vein occlusion

Introduction

Retinal vein occlusions (RVOs) are the second most
common primary vascular diseases of the retina after
diabetic retinopathy. RVOs may occur as central
RVOs (CRVOs) or branch RVOs (BRVOs). BRVO is
approximately 3 to 4 times more prevalent than CRVO
[1]. RVO may be classified as ischemic or nonis-
chemic, each of which has a different prognosis [2].
Macular edema (ME) is one of the most common
complications and a major cause of visual decrease in
eyes with RVO. The upregulation of vascular
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endothelial growth factor (VEGF) and the breakdown
of the blood-retinal barrier cause ME. Moreover,
cytokine release, hypoxia, increased hydrostatic pres-
sure, and vascular stasis may contribute to ME
formation [3].

The diagnosis of ME is best performed with
spectral-domain optical coherence tomography (SD-
OCT). SD-OCT is widely used to identify individual
retinal layers, and it can provide a detailed view of the
retinal microstructure. Although many studies have
suggested that sizes of macular microstructure
changes are predictive and prognostic, they only
evaluated an area of 1000 um or 500 pm, and mostly
at the posttreatment follow-up examination [4-8].

In the present study, we aimed to examine a
3000-um-wide area of the macular microstructure in
macular edema due to ischemic versus nonischemic
RVO to determine whether and how ischemia affects
the macular microstructure.

Materials and methods

We retrospectively reviewed the charts of 116 con-
secutive patients with ME due to RVO (84 BRVO
cases and 32 CRVO cases) between May 2009 and
July 2018 in the Retina Department of Ophthalmology
at Inonu University. Approval from the institutional
ethics review board was obtained, and the study was
conducted in accordance with the tenets of the
Declaration of Helsinki.

Information on age, gender, study eye, medical
history of risk factors, and vein occlusion types was
collected. Data from the charts of the study partici-
pants, including best-corrected visual acuity (BCVA),
slit-lamp biomicroscopy, fundus examination, SD-
OCT, and fluorescein angiography, were reviewed to
determine patient inclusion. BCVA was recorded in
Snellen units and converted to the logarithm of the
minimum angle of resolution for statistical analysis.

The inclusion criteria were patients with newly
diagnosed RVO with evidence of center-involving ME
without any treatment. The exclusion criteria were
significant media opacity, ocular comorbidities (e.g.,
retinal artery occlusion, uveitis, ME from any other
cause, and vitreous traction), and eyes with poor OCT
images to measure the boundaries. The patients were
assigned into two groups (group 1: nonischemic,
group 2: ischemic) based on the fluorescein
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angiography findings (FFA). Ischemic CRVO was
defined as having more than ten disks of ischemic area
in the FFA, and ischemic BRVO was defined as having
more than five disks in the FFA [9-11].

All images were obtained at the time of first
diagnosis before any treatment. Each OCT scan was
evaluated by the same grader. Image analysis was
conducted as previously described [12]. Briefly, the
scan passing through the foveal center and the three
B-scans immediately above and below it, accounting
for a total of seven scans, were included in the
analysis. Central subfield thickness (CST) was defined
as the average thickness in the central 1-mm-diameter
circle of the ETDRS grid and collected from the
thickness map. Foveal depression loss (FDL) was
evaluated in the central 1 mm diameter circle of the
ETDRS grid. The following items were evaluated in a
3-mm-wide area (perifoveal ETDRS circle) centered
on the fovea: maximum extent of the disorganization
of the retinal inner layers (DRIL), external limiting
membrane (ELM) disruption, ellipsoid zone disrup-
tion (EZD), visibility of the cone outer segment tips
(COST), subretinal fluid (SRF) height, small hyper-
reflective foci (sHF), and maximum intraretinal cyst
size (CS) (vertical height of the largest cyst through all
sections). Quantitative measures on the OCT were
performed manually by the caliper function for
structural lines (DRIL, ELM, EZD...) (Fig. 1).

Statistical analysis

Statistical analyses were performed using IBM SPSS
(version 22.0; IBM Corporation, Somers, NY, USA)
statistical software. The normality of the data was
assessed using the Shapiro—Wilk test. Continuous
variables are presented as the means and standard
deviations (%), categorical variables as percentages
(%), and continuous variables as the medians (min—
max) if nonnormally distributed. Continuous variables
were compared using independent 7 tests. The Mann—
Whitney U test was used if the continuous variables
were nonnormally distributed. We examined the
relationship of the categorical outcomes using the
Chi-squared test or Fisher’s exact test. The correla-
tions between the OCT parameters were determined
by Pearson’s correlation test or Spearman correlation
tests for a simple regression analysis. Regression
analysis was performed to determine the effect of
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Table 1 Demographic data of evaluated patients

Group 1 (nonischemic) Group 2 (ischemic) P value
Number of analyzed patients 55 20
Age (years) mean &+ SD 62.44 + 11.10 63.65 + 9.47 0.665
Sex (Male/Female) 28/27 (50.9% male) 13/7 (65% male) 0.278
Study eye (Right/left) 26/29 (47.3% right) 11/9 (55% right) 0.554
Type of RVO (BRVO/CRVO) 41/14 (74.5% BRVO) 12/8 (60% BRVO) 0.221
BCVA (logMAR) 0.85 £ 0.53 1.34 £ 0.54 0.001

RVO retinal vein occlusion, BRVO branch retinal vein occlusion, CRVO central retinal vein occlusion, BCVA best corrected visual

acuity

microstructural changes on visual acuity. A P value of
less than 0.05 was considered statistically significant.

Results

Seventy-five eyes of 75 patients fulfilled the inclusion
and exclusion criteria and were enrolled in the study.

Table 1 depicts the demographic information of the
subjects. Briefly, group 1 had 55 eyes, and group 2 had
20 eyes. The mean age was 62.44 £ 11.10 years for
group 1 and 63.65 + 9.47 years for group 2. Male
accounted for 50.9% of group 1 and 65.0% of group 2.
Approximately 47.3% of group 1 and 55% of group 2
were right eyes (P: 554). All patients had at least one
classic risk factor for RVO, such as hypertension,
diabetes, smoking, glaucoma, and hyperlipidemia

(P > 0.05). The baseline characteristics, such as age,
sex, study eye, and RVO risk factors, were similar
between the groups. Vein occlusion types included 41
BRVO (74.5%) and 14 CRVO (25.5%) for group 1 and
12 BRVO (60.0%) and 8 CRVO (40.0%) for group 2
(P: 0.221). BCVA was 0.85 £ 0.53 for group 1 and
1.34 £ 0.54 for group 2 (P: 0.001).

The CST was 554.15 £ 191.45 pm for group 1 and
769.90 £ 290.00 pm for group 2. Ischemic RVO
caused significantly greater ME (P: 0.001). The extent
of DRIL was 1864.09 & 941.70 um  and
2447.25 + 492.59 um for groups 1 and 2, respec-
tively, and the difference was statistically significant
(P: 0.010).

The disrupted ELM length was 1700 (0-3000) um
for group 1 and 2725 (300-3000) um for group 2.
Ischemic RVO caused significantly greater ELM

Table 2 The OCT measurements of macular structures, in 3 mm central macula (perifoveal ETDRS circle)

Group 1 (um) Group 2 (um) P value
CST mean + SD 554.15 £+ 191.45 769.90 £+ 290.00 0.001*
DRIL mean + SD 1864.09 + 941.70 2447.25 + 492.59 0.010*
EZD mean £+ SD 1453.09 + 870.38 1846.00 4+ 926.54 0.093
COST mean + SD 1544.18 + 870.92 1154.00 + 926.54 0.096
Disrupted ELM median (min—max) 1700 (0-3000) 2725 (300-3000) 0.027*
SRF median (min—-max) 60 (0-327) 0 (0-696) 0.141
sHF median (min-max) 12 (2-27) 10 (3-26) 0.728
CS median (min—-max) 250 (0-1700) 356 (90-690) 0.022%*
FDL (%) 41 (74.5%) 18 (90%) 0.208

CST central subfield thickness, DRIL disorganization of retinal inner layers, EZD ellipsoid zone disruption, COST visibility of the
cone outer segment tips, Disrupted ELM lost of external limiting membrane, in 3 mm, SRF subretinal fluid, sHF small hyperreflective
foci, CS maximum intraretinal cyst size, FDL foveal depression loss

*Statistically significant
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disruption (P: 0.027). The EZD length was
1453.09 £ 870.38 pm for group 1 and
1846.00 = 926.54 pum for group 2 (P: 0.093). The
COST was 1544.18 + 870.92 ym for group 1 and
1154.00 % 926.54 pum for group 2 (P: 0.096).

The median SRF height was 60 (0-327) pm for
group 1 and 0 (0-696) um for group 2 (P: 0.141). The
number of sHF was 12 (2-27) for group 1 and 10
(3-26) for group 2 (P: 0.728). The CS was 250
(0-1700) pm for group 1 and 356 (90-690) pum for
group 2. A statistically significant difference was
found (P: 0.022). The FDL was present in the majority
of patients in group 1 (74.5%) and group 2 (90.0%) (P:
0.208) (Table 2).

In terms of the relationship between the binary
variables, a positive correlation was observed between
CST and EZD (Pearson’s r: 0.641, P < 0.01) and a
negative correlation between CST and COST (Pear-
son’s r: — 0.640, P < 0.01). A negative correlation
was found between COST and EZD (Pearson’s r:
— 1.00, P <0.01). A positive correlation was observed
between DRIL and ELM (Spearman’s r: 0.479, P <
0.01), between CS and ELM (Spearman’s r: 0.400,
P < 0.01), and between HF and ELM (Spearman’s r:
0.259, P < 0.05). A negative correlation was found
between CS and SRF (Spearman’s r: — 0.242, P <
0.05).

In regression analysis, none of the OCT measure-
ments were found to affect BCVA for group 1 (P >
0.05 for all). In group 2, DRIL and EZD were found to
affect BCVA (P: 0.013, R*: 0.295; P: 0.006 R*: 0.348,
respectively). The other OCT measurements were
found to not affect BCVA for group 2 (P > 0.05 for
all).

Discussion

We examined a-3000-pm-wide zone in the macular
area, as ME usually extends at the 3000 um-wide zone
in RVOs. We presented the results of our preliminary
study on this subject in the European Vitreoretinal
Society (EVRS) meeting in 2018 [13]. In that prelim-
inary study, we did not quantitatively measure the
units but evaluated them as present or absent. Thus, we
found a difference in ELM but not in DRILL, SRF, and
HF in the preliminary study results. In the present
study, we performed quantitative measurements at
3000 pm and achieved very striking results.

Our results suggest that peripheral ischemia in
RVO causes more disruption of the macular structure
and promotes greater ME. Prasad et al. [14] reported
an association between untreated nonperfusion in
ultra-widefield fluorescein angiography (UWFFA)
and ME in branch RVO and hemi-RVO. Additionally,
Singer et al. [15] speculated that the degree of
peripheral nonperfusion in UWFFA correlated with
the severity of ME in eyes with CRVO. This finding
was attributed to higher levels of circulating VEGF
and other cytokines in eyes with greater amounts of
capillary nonperfusion [16].

Whereas many studies have argued an inverse
correlation between the amount of CST and visual
prognosis, Ota et al. [17] suggested that the preserved
thickness and integrity of the foveal photoreceptor
layer are necessary. ME disrupts the synaptic flow
between layers. Therefore, dysfunction in the edema-
tous retina cannot be attributed to only the loss of
photoreceptors. Disruptions in synaptic conduction
due to defective retinal layers should also be
considered.

Our results indicate that the macular microstructure
is important to the amount of ME. Therefore, ischemic
vein occlusions may lead to more disruptions of the
macular microstructure and a greater amount of ME.
Many studies have emphasized that both inner and
outer retinal structural integrity could be affected in
RVOs [7, 18-20]. The indicators of disruption of the
macular microstructure in OCT are DRIL, ELM, and
EZD. Sun et al. [12] speculated that DRIL could
represent the disorganization or destruction of cells
within the inner retinal layers (bipolar, amacrine, or
horizontal). Mimouni et al. [4] found that DRIL
represents a compromise to the inner retinal circula-
tion, which seems to be partly reversible. They also
reported that DRIL in the 1 mm foveal area is
associated with the baseline BCVA and that persistent
DRIL could represent irreversible damage to the inner
retinal layers [4]. Moreover, the recovery of DRIL
could indicate the resolution of initial retinal edema
and reperfusion [7]. In agreement with these views, we
found a significant increase in DRIL and disrupted
ELM in ischemic vein occlusion in comparison with
the nonischemic form. In addition, we found a positive
correlation between DRIL and disrupted ELM, which
could be due to the greater ischemic hazard to the
retinal layers aside from the greater VEGF in ischemic
vein occlusions. Ischemic death of the amacrine,
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horizontal, bipolar, and ganglion cells and loss of their
synaptic connections could cause DRIL in macular
deturgescence [7]. The ELM acts as a barrier for
macromolecules, and it is regarded as the zonula
adherens between the Miiller cells and photoreceptors
[21-23]. The ELM serves as an important barrier to
free protein diffusion across the retina from the inner
retinal layers to the subretinal space and vice versa
[24]. When ELM is disrupted, it fails to block the
migration and deposits of extravasated lipoproteins in
the retinal layers [5]. Our correlation results between
ELM and HF support this report. One study claimed
that a thicker CST, which represents the severity of
ME, could lead to a disruption of ELM integrity [25].
Conversely, we consider that in the case of a large
amount of ME, the disruption of ELM could be the
cause of the edema, not the result. In addition to the
proven property of VEGF, the direct effect of ischemic
status on the macular microstructure should be con-
sidered regardless of VEGF. Moreover, microscopic
imaging studies on rodents have demonstrated the
breakdown of the outer blood—retinal barrier induced
by ischemia [26]. ME, which is the result of the
breakdown of the inner blood-retinal barrier, may also
be associated with outer blood-retinal barrier break-
down, especially in ischemic vein occlusions. Studies
on and treatment options for ME due to vein occlu-
sions mostly focused on the disruption of the inner
blood-retinal barrier. Studies on the external blood—
retinal barrier may provide important information on
ME due to vein occlusions.

In terms of EZD, although it was still high in
ischemic form, the difference was not significant in
our results. Some authors reported that ELM status
was more highly correlated with visual acuity than
with EZ [18, 21, 22]. Conversely, some authors have
demonstrated that the integrity of the EZ was more
highly associated with visual acuity than with the
ELM [27-29]. In connection with these views, we
consider ELM to be more sensitive to ischemia than
EZ based on our results. The study participants were
relatively at an early stage in their condition, and thus,
the insignificance in the EZD could be due to the
resistance to the deterioration or reorganization capa-
bility of EZ in the early term. Statistical insignificance
may also be due to the difference in the number of
patients between the groups. It has been claimed that
the differences in changes in EZ according to disease
periods are due to refractive characteristics [30].

@ Springer

However, we consider it differently because our
correlation results show a positive correlation between
CST and EZD, as we mentioned above. Studies
comparing the early and late term using precision tools
because of the still-insufficient resolution of the SD-
OCT devices may explain the EZ changes in more
detail.

We observed no difference in HF, which is another
blood-retinal barrier breakdown indicator, between
the two groups. In one study, HFs were found to
associated with ELM, which is a barrier, and a
defective ELM caused more HF formation [8].
Accordingly, we found a positive association between
ELM and HF in our correlation results. Chatziralli
et al. [31] speculated that both the inflammatory
response and hyperpermeability with subsequent
lipoprotein extravasation play a role in the pathogen-
esis of HF in ME. As our patients were treatment-
naive, they were considered to be in the relatively
early term. It could be find a significant difference
between groups in HF in later periods because a large
amount of HF indicates long-standing inflammation
[32, 33].

No significant difference was found in the subreti-
nal fluid measures in our results. Tsujikawa et al. [34]
reported that a breakdown of the barrier function of the
ELM leads to movement of the intraretinal fluid into
the subretinal space. Therefore, if the ELM damage is
excessive, the subretinal fluid should be expected to be
higher, but we did not find any association between
ELM and SRF. Although our statistical comparison
results were not significant, we considered the
ischemic patients to have larger fluid volumes based
on the SRF ranges. Therefore, other causes (e.g., RPE
dysfunction leading to SRF) aside from ELM should
be considered. Preserved foveal depression was
attributed to the less leakage from the retinal capillar-
ies and better absorption of leakage by the retinal
pigment epithelium [35]. Although no significant
difference was found, the loss of foveal depression
was higher in the ischemic group in our results. The
statistical insignificance could have been caused by
the difference in the number of patients between the
groups.

Retinal Miiller glial (RMG) cells are structural
backbones of the retinal architecture [36]. RMG
degeneration causes the formation of cysts. In our
results, we found significantly larger cyst diameters in
the ischemic group. Moreover, disrupted ELM was
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positively and SRF was negatively correlated with CS
in the correlation results. This finding suggests that
RMG degeneration is greater in the ischemic group.
Some studies have claimed that greater edema has a
better response to treatment [15]. However, we
consider the macular microstructure to be more
predictive of the treatment response and prognosis
because of the effect of ischemic status on the macular
microstructure. In other words, more microstructure
damage, more edema and poor prognosis can be
expected due to ischemia.

In our regression analysis on the effect of
microstructural changes on visual acuity, only DRIL
and EZD were found to affect BCVA, but only in the
ischemic group. It may reflect severe break of signal
production and connection in ischemic conditions.
There are many studies investigating the effect of
macular microstructure on visual acuity in retinal vein
occlusion. Different studies have highlighted different
structures [4, 7, 37]. However, none of these studies
classified retinal vein occlusions according to ische-
mia status when investigating visual acuity.

Many studies have been conducted on this issue.
Although they have indicated that defect sizes are
predictive of macular microstructure changes, they
only evaluated an area of 1000 pm or 1500 um and
mostly at the posttreatment follow-up examination
[4-8]. Thus, we examined a 3000-pm-wide macular
area upon the patients’ first presentation of OCT
measures to provide real quantitative information.
This is one of the strengths of our study. Another
strength of our study is that we grouped ME according
to ischemia status and then examined it quantitatively,
whereas other studies on this subject generally have
not. For example, Parodi et al. [38] distinguished
CRVO between ischemic and nonischemic based on
the macular structure, but they did not measure the
defects quantitatively.

The device capabilities should not be overlooked
when evaluating all the results. A thickened retina or
cystoid ME usually reduces the signal intensity of the
OCT device. Shin et al. [18] considered that the
reduced backscattering from the retinal layer is the
result of a shadowing effect instead of a disruption of
these structures. Measurements with devices free of
these problems can give more reliable results.

This study has several limitations. The study is
retrospective, has a relatively small cohort, different
sample sizes and is nonrandomized in nature. OCT

interpretations were performed by a single physician,
and blinding was not possible. We did not perform
vertical or radial scans, and consequently, our results
were based only on the horizontal axis measurements.
We did not separate the groups central or branch
manner, because of the limited prevalence of CRVO.
We did not perform a subtype analysis in each group.
We did not perform a correlation study between the
FAZ status and the macular microstructure on OCT.

In conclusion, ischemic RVOs cause greater edema
and greater disruption of the macular microstructure,
especially in terms of DRIL and ELM. We recom-
mend an OCT examination of a central 3000 pm-wide
zone of the macula microstructure for evaluating ME
due to RVO because of more detailed and objective
information. Large cohort studies examining a central
3000 pm-wide macular area in the follow-up and
treatment responses are required to prioritize this
information.
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