1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

&

WEALTH 4
of P
e

/ HHS Public Access

Author manuscript

ﬁ Ophthalmol Retina. Author manuscript; available in PMC 2019 August 01.

Published in final edited form as:
Ophthalmol Retina. 2018 August ; 2(8): 836-841. doi:10.1016/j.oret.2017.11.009.

Ellipsoid Zone Mapping Parameters In Retinal Venous Occlusive
Disease With Associated Macular Edema

Touka Banaee, MD1:2, Rishi P. Singh, MD!, Kathryn Champ?, Felipe F. Conti, MD1, Karen
Wai3, Jim Bena?*, Lucas Bevenl®, and Justis P. Ehlers, MD1.6

1Cole Eye Institute, Cleveland Clinic, Cleveland, OH

2Mashhad University of Medical Sciences, Mashhad, Iran

3Case Western Reserve University, Cleveland, OH

4Quantitative Health Science Division, Cleveland Clinic, Cleveland, OH
SHeritage College of Osteopathic Medicine, Cleveland, OH

60phthalmic Imaging Center, Cleveland Clinic, Cleveland, OH

Abstract

Purpose—To evaluate the association of baseline ellipsoid zone (EZ) parameters on optical
coherence tomography (OCT) as calculated by a semi-automated computer algorithm with
baseline visual acuity in eyes with retinal vein occlusion (RVO).

Design—Retrospective consecutive case series.
Subjects—~Patients affected by RVO presenting from January 2011 to December 2014

Methods—Baseline demographics, clinical characteristics, and SD-OCT data at presentation
were collected. Macular cube scans were exported into a retinal layer analysis software platform
and outer retinal parameters were evaluated. Outer retinal/EZ parameters included EZ-retinal
pigment epithelium (RPE) volume, central foveal EZ-RPE area, EZ-RPE central subfield thickness
(CST), and EZ-RPE central foveal thickness (CFT). In addition, en face EZ mapping features were
extracted including percent area with EZ attenuation (i.e., EZ-RPE thickness < 20 um) and percent
area with total EZ loss (i.e., EZ-RPE thickness = 0 um).
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Main Outcome Measure—Correlation of EZ parameters and baseline visual acuity (VA).
Secondary outcome measures: Correlation of EZ parameters with other clinical characteristics and
OCT measures of cube volume, cube average thickness, central subfield thickness.

Results—One hundred and twelve eyes were included in this analysis. Mean baseline VA was
56.53 +17.68 ETDRS letters and was inversely associated with total EZ loss and EZ-RPE
attenuation (r= - 0.33 and -0.38 respectively, p<0.001). VA was directly associated with all other
EZ parameters (r=0.37 to 0.45, p<0.001). The presence of subretinal fluid was strongly linked to
central parameters of central foveal EZ-RPE, EZ-RPE-CST, and EZ-RPE-CFT (Kruskal-Wallis
test). Conventional OCT parameters (central subfield retinal thickness, cube volume and cube
average thickness) did not have significant correlations with EZ measures (—0.3<R<0.3 and/or
P>0.05).

Conclusion—Baseline EZ integrity is closely linked to presenting visual acuity in eyes with
RVO and macular edema. EZ mapping provides an additional metric for evaluating RVO impact
on retinal anatomy and potential function.

Keywords

Retinal vein occlusion; Ellipsoid Zone; Automated; Image processing; Optical Coherence
Tomography; Macular edema

INTRODUCTION

Photoreceptors comprise the outermost cellular layer of the neuroretinal layer and are the
main cells in visual transduction. Their loss has an undeniable effect on vision®. Optical
coherence tomography (OCT) provides outstanding visualization of retinal anatomy
including the outer retinal bands that represent the external limiting membrane, the ellipsoid
zone (previously referred as the photoreceptor inner segment/outer segment (IS/OS)
junction), and the interdigitation zone (also referred to as the cone outer segment tips). 23
Ellipsoid zone (EZ) integrity on OCT has been linked with visual function in various
diseases. 47

Retinal vein occlusions (RVOs) which include central RvOs (CRVO), branch RVOs (BRVO)
and hemiretinal RVOs (HRVO) are a group of diseases caused by obstruction of venous
flow. RVOs cause sudden painless visual loss accompanied by retinal hemorrhages, retinal
edema, and venous engorgement, and vascular tortuosity. The cause of visual loss in RVOs
are macular edema (ME), ischemia, and the presence of exudates and hemorrhages.8 As
VEGF has an important role in pathogenesis of ME in RVOs?, an effective way of treatment
of this type of ME secondary to RVO is the injection of anti-VEGF drugs. Presence of intra-
retinal fluid, cystoid type of macular edema, among others are predictive factors for poor
visual outcome after treatment with anti-VEGF agents in RVOs.19 Cystoid macular edema
(CME) has been shown to be associated with photoreceptor damage, the degree of which
correlates with visual outcome.1- 12 Among CRVOs, macular thickness and integrity of EZ
have been found to correlate with visual acuity and prognosis.13 Initial visual acuity is a
predictor of integrity of EZ after resolution of ME and of final visual acuity in CRVO.*
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The extent of macular edema has been linked to poor visual outcomes in RVO and has been
associated with photoreceptor loss and EZ loss.1: 12 Quantitative assessment of EZ integrity
and outer retinal parameters has not been explored in RVOs. The ability to objectively
evaluate EZ metrics would allow for a unique assessment of anatomic factors associated
with functional parameters in RVOs. The EZ integrity provides a unique opportunity for
outer retinal assessment and potentially overall integrity of the photoreceptor outer segment.
14,15 The purpose of this study was to evaluate quantitative EZ metrics in eyes presenting
with RVO and secondary ME to better elucidate the impact of EZ status on baseline visual
acuity and their association with other OCT parameters.

PATIENTS AND METHODS

This retrospective study was performed at Cole Eye Institute (Cleveland, Ohio) after
approval from the Cleveland Clinic Investigational Review Board (IRB). All study related
procedures were performed in accordance with good clinical practice and applicable FDA
regulations. The IRB determined that informed consent was not necessary for this study
because of its retrospective nature and absence of risks to subjects involved.

Patients with a diagnosis of RVO including CRVO, HRVO and BRVO (International
Classification of Disease -9 codes: 362.35, 362.36, 362.37) presented between January 2011
and December 2014 were identified. Exclusion criteria were: (1) age less than 18 years; (2)
absence of macular cube on SD-OCT; (3) presence of active macular diseases other than
RVO; (4) CST of <330 or > 600 microns; and (5) OCT data of limited quality or signal
strength that limited analysis by the software. The previously listed CST was selected given
the potential concern of significant shadowing resulting in artefactual EZ attenuation in eyes
with severe edema, as well as the concern that inner retinal ischemia in eyes with minimal
retinal thickness. Eyes were divided into quintiles to identify those eyes at extremes of
retinal thickness. The central 3 quintiles were selected for analysis. This included eyes with
CST between 330 and 600 microns. This range of CST was chosen to exclude both cases
with retinal atrophy at presentation, and cases with severe macular edema, which by
scattering and absorption of the incident light can attenuate OCT signal at the level of the
EZ, causing artifactual low visibility of EZ. So all patients had some degree of mild to
moderate ME.

Demographic and clinical characteristics of patients at presentation including age, gender,
systemic co-morbidities (e.g., diabetes, hypertension), visual acuity, intraocular pressure
(10P), and type of RVO were collected and SD-OCT parameters, including central subfield
thickness (CST), cube volume (CV) and cube average thickness (CAT) were documented.
Snellen visual acuity, was converted to ETDRS letter scores using the formula: 85+50xlog
(Snellen fraction).16

All eyes had undergone SD-OCT (Cirrus, Zeiss, Dublin, California), including a 6-mm
512x128 macular cube scan. SD-OCT data was exported and analyzed, with the EZ mapping
and analysis platform, as previously described.4 15 In brief, each macular cube scan was
imported into the EZ mapping platform. Automated retinal layer segmentation, including
internal limiting membrane, EZ, and RPE lines, was performed within the software platform.
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Following initial automated segmentation, line-by-line review of each scan was performed
by a trained reader with manual correction of segmentation, as needed. After verification of
optimal segmentation, multiple EZ parameters were exported for analysis including EZ-RPE
volume, EZ-RPE central foveal area, EZ-RPE central foveal thickness (CFT), and the EZ-
RPE CST. EZ-RPE volume represents the retinal volume contained within the macular cube
bounded by the EZ and RPE lines. The EZ-RPE central foveal area is the retinal area
bounded by the EZ and RPE on the foveal B-scan. The EZ-RPE central foveal thickness is
the linear distance between the EZ and the RPE at the fovea. The EZ-RPE CST represented
the mean thickness between the EZ-RPE lines within the central 1 mm area. £n face
assessment of EZ-RPE maps including evaluation of EZ attenuation percentage (i.e., EZ-
RPE thickness < 20 microns) within the macular cube and percentage of total EZ loss (i.e.,
EZ-RPE thickness = 0) within the macular cube. The presence of the EZ for segmentation
was determined based on whether it could be visibly discriminated at a given location on the
B-scan regardless of the presence of other pathologic findings (e.g., intraretinal fluid,
subretinal fluid). For descriptive purposes, EZ-RPE volume and the en face mapping metrics
are referred to as global/panmacular parameters. The other are considered central
parameters.

STATISTICAL METHODS

RESULTS

Categorical factors were summarized as frequencies and percentages, while continuous
measures were summarized with medians and quartiles since many of the EZ parameters
were not normally distributed. Associations with continuous measures were evaluated using
Spearman correlations, while Wilcoxon rank sum and Kruskal-Wallis tests were used for
associations with categorical factors. Although p-values are presented, as sample size is very
influential of statistical significance in these comparisons, the focus of the analysis was on
the magnitude of correlations. Correlations between —0.3 and 0.3 were considered to be
weak. Analysis was performed using SAS software (version 9.4; Cary, NC). Additional
analysis was performed to identify ranges of data where associations between CST and EZ
measures were limited.

A total of 271 patients with RVO presented to Cole eye institute from January 2011 to
December 2014. One hundred twelve eyes of 112 patients were included after applying the
inclusion and exclusion criteria in this analysis. Demographic and baseline characteristics
are presented in Table 1. Patients were from 45 to 93 years old (mean 69.17+13.05), 57
(50.9%) were female. There were 41 (36.6%) cases of CRVO, 62 (55.4%) cases of BRVO,
and 9 (8%) cases of HRVO. Mean baseline VA was 56.53 +17.68 ETDRS letters (equal to
20/57 in Snellen acuity) with a range of 4.79-85, (hand motion to 20/20 in Snellen acuity).
Mean CST was 452.34+77.11 microns (range: 334-600), mean CV was 11.42+1.94 mm?,
(range: 2.7-18), and mean CAT was 318.69+54.12 microns (range:75-499). EZ parameters
are given in Table 2. Forty-three eyes (38.7%) had subretinal fluid SRF in OCT. There were
no correlations between age, 10P, type of RVO, presence of SRF, CST, CV, and CAT with
visual acuity in ETDRS letters (p>0.05 for all).
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There was no association between EZ parameters and age, gender, lens status, or type of
RVO. In the presence of SRF central EZ-RPE measures were significantly lower (p<0.01 for
all central parameters). The presence or absence of SRF did not affect global EZ-RPE
measures (Table 3).

Visual acuity was strongly correlated to EZ parameters (Figure 2). Visual acuity was
negatively associated with global measures of attenuation (r=—0.38, p<0.001) and atrophy
(r=-0.33, p<0.001), which are measures of the percentage of attenuated EZ (EZ-RPE height
of less than 20 um) or total EZ loss in a cube scan, and positively associated with the total
volume of EZ-RPE (r=0.38, p<0.001), EZ-RPE central foveal area (r=0.45, p<0.001), EZ-
RPE CFT (r=0.45, p<0.001), and EZ-RPE CST (r=0.4, p<0.001). There were no strong and
significant correlations among conventional SD-OCT parameters of CST, CV and CAT with
EZ measures (—0.3> r <0.3, and/ or p>0.05).

DISCUSSION

In this study, all EZ measures including both global and central measures had significant
correlation with visual acuity in eyes with RVO and ME. Percentages of EZ-RPE attenuation
and loss had a negative correlation with visual acuity. EZ-RPE volume and the central
measures of central foveal area, CFT and CST of EZ-RPE had a positive correlation with
VA.

The ellipsoid zone, previously referred to as the third hyper reflective band, is a landmark in
OCT commonly used for evaluation of photoreceptor health. Its integrity has correlation
with visual function in various diseases including RVO.*~7 Most studies on EZ, are
qualitativel’=21, or quantitative with manual measurements on OCT B scans?2 23, or
quantitative on en face C scans at the level of the EZ.24 25

Evaluation of the EZ in the acute stages of RVO in the presence of edema is hindered by
attenuation of the OCT signal in the outer retina,2> 26 which can affect output of algorithms
for EZ measurement. Due to this effect, cases with severe edema (CST>600um) were
excluded in our study. In the presence of severe edema, quantification of EZ changes is very
difficult or impossible manually, To overcome this problem, one report evaluated the
integrity of EZ in uninvolved retina of BRVO eyes and found predictive value for the
integrity of the band in uninvolved retina at 500 and 1000 um from the fovea for visual
acuity after reabsorption of edema.12 Others evaluated the EZ measures after resolution of
macular edema® 27 and observed that a preserved EZ after resolution of macular edema in
eyes with CRVO was associated with better visual outcome as well as better initial vision
and less edema at presentation.*

These studies highlight the importance of automated quantification of EZ parameters in the
presence of macular edema where manual measurement of EZ is either not feasible or has
low reliability. Although the effect of photoreceptor health on the visual outcome of RVOs is
well-established, the inner retina also has an important function in visual outcome.*
Kadomoto et al found non-perfusion within the parafoveal area to be the most strongly
correlated factor with vision, even more than the EZ defect on OCT, in eyes with resolved
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macular edema of BRVO.8 Reports have been published on the loss of photoreceptors in
areas with deep capillary non perfusion in OCTA.25: 27. 28 |schemia makes the inner retina
more hyper reflective in OCT.2%-31 Hyperreflectivity of inner retinal tissue can attenuate the
OCT signal in outer retina, and may interfere with visibility of the EZ. The same applies to
hemorrhages and exudates, which are hyper-reflective and attenuate the outer retinal
signal32 33 Kanakis et al?> used a method to remove shadowing from the OCT C scans and
was able to relate areas with attenuation of the EZ with ischemic areas. Ischemia has been
found to correlate with the presence of edema34, and severe edema is mostly seen in
ischemic CRVO.3° Therefore, visibility of the EZ is dependent on a multitude of other
interconnected factors in addition to photoreceptor loss, including optical and histologic
effects of both edema and ischemia. Thus it is conceivable that EZ parameters may change
with resolution of edema as observed in some studies.? In the current study all baseline EZ
parameters had significant correlations with baseline vision. The importance of this finding
is not well defined, and more studies are needed to explore correlations with visual outcome.
The association of EZ parameters with baseline vision which is similar to the results of
previous studies, is confirmatory of reliability of the algorithm output in eyes with macular
edema in the specified range. This paves the way for studies using automated quantitative
measurement of EZ parameters.

Strengths to this study include the large sample size, automated quantification of EZ
parameters with extensive human supervision, and use of the cube scan data of the SD-OCT
with both B and C scans. A limitation to this study is inclusion of all types of RVO together
and dividing the study into subtypes of RVO may result in more conclusive data. Cases with
severe macular edema were excluded as well, due to the attenuation effect of edema on OCT
signal at the level of EZ. A longitudinal study on these eyes with comparison of EZ
parameters in the acute stage and after resolution of edema can help in determining the
reliability of algorithm in cases with severe edema.

In this study, baseline VA was strongly correlated with all EZ parameters, which shows the
applicability of quantitative EZ assessment in the presence of edema. Additional research is
needed to better elucidate the longitudinal EZ dynamics and the impact of EZ alterations on
overall outcomes.
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Figure 1. Ellipsoid zone mapping in retinal vein occlusion
(A) B-scan (upper frame) with mild intraretinal fluid and segmentation lines. Mild-moderate

ellipsoid zone (EZ) loss is noted on the EZ-retinal pigment epithelium (RPE) map. (B). B-
scan (upper frame) with moderate-severe intraretinal fluid and segmentation lines.
Moderate-severe EZ loss is noted on the EZ-RPE map. (C). B-scan (upper frame) with
severe intraretinal fluid and segmentation lines. Mild-moderate EZ loss is noted on the EZ-
RPE map.
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Scatter plots of correlations between different ellipsoid zone measures and visual acuity (in
ETDRS letters). Abbreviations: EZ: ellipsoid zone; EZ-RPE central foveal area: area of EZ-
RPE in the central foveal B scan; EZ-RPE-CFT: thickness of EZ-RPE in central foveal B
scan; EZ-RPE-CST: average thickness of EZ-RPE in central subfield area; EZ-RPE volume:
volume of the EZ-RPE in the macular cube scan; RPE: retinal pigment epithelium. 1.
Attenuation is height of less than 20 microns.
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Table 1

Baseline characteristics

Age 69.17+13.05 (45-93)
Eye

oD 52(46.4%)

[eF] 60 (53.6%)
Sex

Female 57 (50.9%)

Male 55(49.1%)

Diabetes Mellitus

Yes 38(33.9%)
10P 16.66+3.37

Range (9-26)
Glaucoma

Yes 24 (21.6%)
Lens status

Phakic 82(73.2%)

Pseudophakic 30(26.8%)
Type of RVO

HRVO 9 (8%)

BRVO 62 (55.4%)

CRVO 41 (36.6%)

Subretinal Fluid

Present

43(38.7%)

BRVO: branch retinal vein occlusion; CRVO: central retinal vein occlusion; HRVO: hemi-retinal vein occlusion; IOP: Intraocular pressure; OD:
right eye; OS: left eye; RVO: retinal vein occlusion.

Ophthalmol Retina. Author manuscript; available in PMC 2019 August 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Banaee et al.

Table 2

Ellipsoid zone parameters in Retinal Vein Occlusion.

Minimum | Maximum | Mean +SD
Percentage of EZ attenuation * 0.12 83.94 14.86 £16.67
Percentage of total EZ loss 0.02 81.80 12.10 £16.12
EZ-RPE volume (mm?) 0.22 1.36 1.06 +0.21
EZ-RPE central foveal area (mm?) | 0.00 0.29 0.16 +0.05
EZRPE_CFT (microns) 0.00 47.97 26.57 +8.15
EZRPE_CST (microns) 0.00 68.14 17.41 £13.82

*
Thickness of less than 20 microns.
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EZ: ellipsoid zone; EZ-RPE central foveal area: area of EZ-RPE in the central foveal B scan; EZ-RPE-CFT: thickness of EZ-RPE in central foveal
B scan; EZ-RPE-CST: average thickness of EZ-RPE in central subfield area; EZ-RPE volume: volume of the EZ-RPE in the macular cube scan;
RPE: retinal pigment epithelium; SD: standard deviation.
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Table 3

EZ parameters in eyes with and without subretinal fluid.

SRF absent (N=68) | SRF present (N=43) | p
Percentage of EZ attenuation * 11.90+16.13 12.63+16.37 0.383
Percentage of total EZ loss 14.46+16.28 15.80+17.52 0.582
EZ-RPE volume (mm3) 1.08+0.21 1.04+0.21 0.457
EZ-RPE central foveal area (mm2) | 0.17+0.05 0.15+0.05 0.008
EZ-RPE-CFT (microns) 27.84+8.15 24.45+7.86 0.008
EZ-RPE-CST (microns) 21.2+13.29 11.47+12.81 <0.001

*
Thickness of less than 20 microns.
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EZ: ellipsoid zone; EZ-RPE central foveal area: area of EZ-RPE in the central foveal B scan; EZ-RPE-CFT: thickness of EZ-RPE in central foveal
B scan; EZ-RPE-CST: average thickness of EZ-RPE in central subfield area; EZ-RPE volume: volume of the EZ-RPE in the macular cube scan;
RPE: retinal pigment epithelium; SRF: subretinal fluid.
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