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Decreased
photoreceptor inner
segment/outer
segment junction
reflectivity in
patients with
idiopathic
epimacular
membrane

Abstract

Purpose To assess the effects of idiopathic
epimacular membrane (IEMM) on retinal
pigment epithelium (RPE), photoreceptor
inner segment/outer segment (IS/OS)
junction, and external limiting membrane
(ELM) reflectivities to determine functional
alterations in these layers using optical
coherence tomography (OCT) image analysis.
Methods Fifty eyes of 50 patients with
untreated IEMM and 41 eyes of 41 age- and
sex-matched healthy controls with normal
OCT scans were retrospectively reviewed.

A single masked physician analyzed OCT
images randomly. Reflectivity values of RPE,
IS/OS junction, and ELM were obtained
using ‘plot profile’ mode of a medical image
processing computer software.

Results The study comprised 50 patients
with untreated IEMM and age- and sex-
matched 41 control subjects (P> 0.05). Image
analysis demonstrated that IS/OS junction
and ELM had significantly lower reflectivity
in patients with IEMM compared with those
of the control eyes (P =0.008, P=0.009,
respectively). However, RPE reflectivity did
not differ between two groups (P =0.100).
Correlation analyses showed no significant
associations between reflectivity values and
corrected visual acuity (P> 0.05).

Conclusion In patients with IEMM,
photoreceptor IS/OS junction and ELM seem to
have lower reflectivity, which might indicate
impaired functionality even though these layers
are not apparently damaged on OCT imaging.
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Introduction

Idiopathic epimacular membranes (IEMM) are
avascular fibrocellular tissues characterized by
distortion of macular surface, and history of
predisposing ocular pathologies such as uveitis,
retinal tear, retinal detachment, diabetic
retinopathy, and retinal vascular occlusions are
absent.!3

Although pathogenesis of IEMM is still being
investigated, studies have indicated that
posterior vitreous detachment (PVD) has a
critical role in the development of IEMM.34
It was suggested that PVD causes breaks in
internal limiting membrane (ILM) that lead to
migration and proliferation of glial cells on
retinal surface.>* However, histopathologic
specimens revealed complex nature of IEMM,
which comprises glial cells, macrophages,
retinal pigment epithelium (RPE) cells,
fibrocytes, and myofibroblasts.>?

Clinical presentation of IEMM varies on the
degree of deterioration in macular
microarchitecture.>® In clinical practice, dilated
fundoscopic examination and optical coherence
tomography (OCT) imaging are usually
sufficient for the diagnosis. Furthermore, OCT
allows the physician to follow-up changes in
retinal microstructure, particularly integrity of
photoreceptor inner segment/outer segment
(IS/0OS) junction, which was found associated
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with postoperative visual improvement.”8
Most of the studies concluded that an interrupted or
absent IS/OS junction on OCT was significantly
correlated with poor preoperative and postoperative
visual acuity in patients with EMM.%10

In clinical practice, physicians are generally unable to
detect functional loss in photoreceptors on OCT until
IS/OS junction is obviously damaged. However,
epimacular membrane might cause subclinical
deteriorations in photoreceptor layer, and hence in IS/OS
junction. In the current study, we aimed to assess the
effects of IEMM on RPE, IS/OS junction, and external
limiting membrane (ELM) reflectivities using a medical
image processing computer software (Image] v. 1.47)!! to
determine functional alterations in these layers, while
there was no evident damage on OCT scans.

Materials and methods
Study group

Fifty eyes of 50 patients with untreated IEMM (patient
group) and 41 eyes of 41 age- and sex-matched healthy
subjects (control group) were included in this retrospective
comparative study. Local ethics committee approved the
study and tenets of the Declaration of Helsinki were
followed. Inclusion criteria for the patient group were
fundoscopic examination and OCT imaging consistent
with IEMM. Eyes with disrupted or absent IS/OS
junction on OCT images were not included into the
study. Control group comprised subjects with normal
ophthalmologic examination and OCT scan. Anterior
segment features and intraocular pressure measurements
were similar in the two groups. Patients with history of
prior intraocular surgery other than uncomplicated cataract
surgery, ocular trauma, inflammatory ocular diseases,
retinal vascular occlusions, diabetic retinopathy, and retinal
tear or detachment were excluded from the study.

Examinations

All patients underwent a complete ophthalmologic
examination, including corrected distance visual acuity
(CDVA) measurement with Snellen charts, slit-lamp
biomicroscopic examination, applanation tonometry, and
dilated fundoscopic examination (with +90D lens). Log
of the minimum angle of resolution (logMAR)
equivalents were used to analyze visual acuity as offered
by Holladay and Prager.'?

Analysis of OCT images using Image]

OCT (Zeiss Cirrus HD-OCT 400; Carl Zeiss Meditec,
Dublin, CA, USA) images were captured with proper
quality using 6 mm x 6 mm macular cube 512 x 128
scanning mode by a single experienced technician (MA).
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A total of 91 OCT images of 91 subjects (patient and
control groups) and ophthalmologic examination records
were retrospectively reviewed. Spectral domain OCT
images were exported to Image] computer software.!/13
The Image] is a Java-based image processing and
analysis freeware developed under National Institutes of
Health (NTH, Bethesda, MD, USA).!! It can calculate
distances, angles, areas, intensity, and pixel value
statistics on an image. This software is widely used in
basic and clinical research for many years.!'"'# In recent
years, increasing number of studies showed that Image]
is a reliable tool and it has high inter- and intraobserver
reproducibility in the field of ophthalmology.'>1”

A single masked physician (IT) analyzed randomly
selected OCT images using ‘plot profile’ function of
Image]J (Figure 1).1113 A vertical straight line was drawn
from vitreous cavity to choroid passing through the
center of fovea (Figure 1).!3 The software gave reflectivity
values along this line and a reflectivity graph was created
(Figure 1). In a normal OCT image, RPE layer has the
highest reflectivity followed by IS/OS junction and ELM
in histologic order. Based on these data, on the
reflectivity graph, highest value was accepted as the
reflectivity of RPE layer. Furthermore, locations of RPE
layer, IS/OS junction, and ELM on OCT image were
confirmed simultaneously on the reflectivity graph using
‘live” plot profile function of the software. Reflectivity
values of each retinal layer were noted and converted to
‘relative reflectivity’ according to the following formula.

Relative reflectivity (arbitrary unit) = (reflectivity of
IS/OS or ELM)/ (reflectivity of RPE) x 100.

Based on the current literature, lower reflectivity was
considered as functional or structural impairment in
related retinal layers.!81%

Statistical analysis

The Statistical Package for Social Sciences software
version 16.0 (SPSS Inc., Chicago, IL, USA) was used for
statistical analysis. Results were expressed as

mean * standard deviation (SD). 3 Test was used to
compare two groups in terms of gender. Comparison of
the quantitative data (age, reflectivity) between two
groups was performed by independent sample t-test.
Pearson’s correlation coefficients were used to determine
associations among visual acuity, age, and reflectivity
values. A P-value <0.05 was considered statistically
significant at 95% confidence interval.

Results

The study group comprised 50 eyes of 50 patients with
untreated IEMM (patient group) and 41 eyes of 41
healthy subjects with normal OCT (control group).
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Figure1 Gray-scale OCT images (left) of a control subject (a) and IEMM patient (b), and peaks of RPE, photoreceptor IS/OS junction,
and ELM on reflectivity graph (right) obtained from image processing program (ImageJ) are shown. Image]J gives reflectivity values

along a line (vertical white arrow) and creates reflectivity graph.

Comparing two groups, there were no significant
difference in terms of age and gender (P>0.05). Table 1
shows sociodemographic characteristics of the study
population. In the patient group, mean CDVA was

0.43 +£0.23 logMAR (20/53 Snellen equivalent).

We retrospectively reviewed OCT data of all subjects,
and image analysis was performed randomly to
determine reflectivities of RPE, IS/OS junction, and ELM.

In the patient group, IS/OS junction and ELM
reflectivities (absolute and relative) were significantly
lower when compared with those of the control group
(Table 2). However, RPE reflectivity did not show
significant difference between two groups (Table 2).

In patients with IEMM, correlation analysis revealed a
significant relation between CDVA (logMAR) and age
(r=0.386, P=0.009), although correlations between
CDVA and reflectivity measurements were not
statistically significant (P> 0.05).

Discussion

IEMM is a relatively common ocular entity, and it is
characterized by collagenous proliferation on inner

Eye

Table 1 Demographic data of the study groups (n=91)

Control group  Patient group P-value

(n=41) (n=>50)
Gender 0.836°
Male, n (%) 19 (46.3%) 22 (44%)
Female, 1 (%) 22 (53.7%) 28 (56%)
Age (years, mean + SD) 65.3+7.1 67.0+7.7 0.312°
Male 62.9%7.0 68.0+9.4
Female 67.5%6.7 66.2+6.1

Abbreviation: SD, standard deviation.
P <0.05 indicates statistical significance.
2% Test.

"Independent sample #-test.

retinal surface without a secondary cause.!”?> Contractile
nature of these membranes causes disturbance on
macular microarchitecture and patients experience
metamorphopsia or decrease in visual acuity.?

Since the introduction of high-resolution OCT devices,
physicians have chance to obtain detailed images of
retinal layers before and after treatment. In recent years,
most of the studies focused on photoreceptor IS/OS
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Table 2 Comparison of RPE, IS/OS junction, and ELM reflectivities between the patient and control groups

Control group (n=41) Patient group (n=>50) P-value
RPE reflectivity (arbitrary unit, mean + SD) 156.61 £7.38 153.82 £8.36 0.100
IS/0S junction reflectivity (arbitrary unit, mean + SD) 140.28 +10.69 133.12+13.75 0.008
ELM reflectivity (arbitrary unit, mean * SD) 117.79 £15.55 107.90+£19.24 0.009
Relative IS/OS junction reflectivity (arbitrary unit, mean * SD) 89.59+5.67 86.55+7.78 0.040
Relative ELM reflectivity (arbitrary unit, mean + SD) 75.22£9.53 70.19£12.21 0.034

Abbreviations: ELM, external limiting membrane; IS/OS, photoreceptor inner segment/outer segment; RPE, retina pigment epithelium; SD, standard

deviation.
Bold values indicate statistical significance (P <0.05).

“Independent sample t-test; relative reflectivity (arbitrary unit) = (reflectivity of IS/OS or ELM)/ (reflectivity of RPE) x 100.

junction on OCT scans and integrity of this layer was
reported as a prognostic factor for postoperative visual
improvement in many retinal diseases.”~10:20,21
Michalewski et al® sought correlations between macular
morphology and visual acuity in patients with EMM
using OCT. They reported that macular morphology and
photoreceptor defects seemed to be prognostic factors in
patients with EMM. Similarly, many studies concluded
that disruption in IS/OS junction was an important
predictor of poor visual outcome in eyes with
IEMM.510,22,23

In the current literature, studies identified two main
pathologic patterns in IS/OS junction (disruption and
absence), which were suggested to be irreversible.>?>23
Thus, it can be valuable to detect subclinical
deteriorations even if photoreceptor IS/OS junction
appears to be intact on OCT image. In the present study,
we analyzed reflectivities of RPE, IS/OS junction, and
ELM on OCT scans using a medical image processing
software to determine functional status of these retinal
layers in patients with IEMM. We found significant
decreases in IS/OS junction and ELM reflectivities (both
absolute and relative) compared with those of the
healthy eyes, whereas RPE reflectivity did not show a
significant difference between the patient and control
groups. In a healthy macula, IS/OS junction can be seen
as a continuous hyper-reflective band on OCT image, and
recent studies demonstrated that decreased reflectivity of
this layer is associated with diminished photoreceptor
function.!®1° Based on this knowledge, loss of reflectivity
in IS/OS junction and ELM might indicate that EMM
leads to subclinical functional or structural impairment
in these layers. However, correlation analysis did not
show a significant association between reflectivity values
and CDVA.

In patients with IEMM, clinical symptoms vary on
distortionary effect of membrane on macular
microstructure. Although recent studies agreed that
disrupted or absent IS/OS junction on OCT scan (which
could be irreversible) was an important predictor of poor
visual acuity.102223 Early effects of ITEMM on functions

of retinal layers were not reported previously to the best
of our knowledge.

In conclusion, our study revealed that IEMM might
lead to subclinical deteriorations in IS/OS junction and
ELM even though patient has a continuous IS/OS
junction and ELM on OCT scan.

Summary

What was known before
® Previous studies agreed that disrupted or absent
photoreceptor IS/OS junction was a significant prognostic
factor for poor visual acuity in patients with EMM.

What this study adds
® In patients with IEMM, photoreceptor IS/OS junction
and ELM had lower OCT reflectivity, which indicated
early functional deterioration even though these layers
were intact on OCT.
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