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Abstract

Purpose Idiopathic and diabetic epiretinal
membranes (ERMs) differ significantly in
terms of macular morphology. Our aim was
to compare the photoreceptor outer segment
(PROS) length in diabetic and idiopathic
ERMs before and after surgery.
Methods Fifty-two eyes of 50 patients who
underwent pars plana vitrectomy (PPV) due
to idiopathic and diabetic ERMs were
included in this retrospective case series. All
of the patients underwent ERM and internal
limiting membrane (ILM) removal. The
patients had been followed up 6 months
postoperatively. Spectral-domain optical
coherence tomography (OCT) was used to
measure the PROS length, overall PR length
and central foveal thickness (CFT).
Results The PROS length, overall PR length,
and CFT were statistically significantly lower
at all the postoperative visits when compared
to preoperative values in both the idiopathic
and diabetic ERM groups (Po0.001). The
amount of decrease in PROS and overall PR
length were similar in both groups after
surgery (P40.05). There was no relation
between amount of PROS length change and
visual acuity gain in both groups (P40.05).
Conclusions Postoperative change of PROS
length was similar in idiopathic and diabetic
ERMs. PROS length change may not be an
indicator of postoperative visual acuity.
Eye (2015) 29, 1446–1452; doi:10.1038/eye.2015.133;
published online 17 July 2015

Introduction

Epiretinal membranes (ERMs) are mainly
classified as idiopathic and secondary. The
growth of fibrocellular tissue on the inner
limiting membrane (ILM) due to a break in it
following posterior vitreous detachment (PVD)
is the pathogenesis of idiopathic ERMs.1

A secondary ERM has different properties from
an idiopathic ERM, because several
inflammatory and vascular processes take role in
its pathogenesis.2,3 Retinal vascular diseases,
diabetes mellitus (DM), uveitis, ocular traumas,
argon laser photocoagulation, retinal tears, and
detachments are the most known etiologic
factors of secondary ERMs.4 The standard
treatment of ERMs is pars plana vitrectomy
(PPV) with membrane peeling.
The most important method for diagnosis of

ERMs has become optical coherence
tomography (OCT) in the last decade. Spectral-
domain (SD) OCT has the capability of
providing detailed and high-resolution images
of macular microstructure.5 It is possible to
obtain thickness values of photoreceptor layer
by means of SD OCT. The microstructure of the
outer retina, especially the photoreceptor layer,
may reflect visual acuity in several disorders
such as diabetic macular edema, age-related
macular degeneration and macular hole.6–8

Some patients have poor visual acuity
following a successful ERM surgery. This poor
outcome sometimes cannot be explained by
well-known prognostic factors such as duration
of symptoms and preoperative visual acuity.9

It was reported that the photoreceptor outer
segment (PROS) status may be a prognostic
factor in idiopathic ERM surgery.10 Idiopathic
and secondary ERMs differ significantly in terms
of macular morphology and visual acuity.11 We
hypothesized that PROS may be also a
prognostic factor for secondary ERM cases
(ie diabetic ERMs). In this study, our aim was to
compare the PROS length in diabetic and
idiopathic epiretinal membranes.

Materials and methods

In this retrospective case series, 52 eyes of 50
patients who underwent PPV due to idiopathic
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and diabetic ERM were included. This study adhered to
the tenets of the Declaration of Helsinki and was
approved by the institutional ethics committee.

Study population

This study consisted of two groups: the idiopathic
ERM group and diabetic ERM group. All the patients
underwent PPV with ERM and ILM removal. The
patients had been followed up at least 6 months
postoperatively. There were 27 eyes of 25 patients in the
idiopathic ERM group, whereas 25 eyes of 25 patients in
the diabetic ERM group. Patients who had macular hole,
vitreomacular traction, retinal detachment, macular
ischemia, retinal neovascularization, uveitis, retinal
vascular occlusions, and other ocular disorders were
excluded. Subjects who had high-grade cataract or history
of cataract surgery were also excluded. Low-quality OCT
measurements were not included in the analysis. At each
follow-up visit, all patients received an ophthalmic
examination consisting of a visual acuity assessment
(Snellen chart), biomicroscopy, Goldmann applanation
tonometer, indirect retinoscopy, and macular OCT
measurements. All preoperative examinations were
repeated postoperatively at the first, third, and sixth
months.

Surgical technique

Surgery consisted of 23-gauge transconjunctival
sutureless PPV, ERM, and ILM peeling using a membrane
forceps. Triamcinolone acetonide (5.7 mg/ml 0.1–0.3 ml)
was used to stain ERM. Brilliant blue was used to stain
ILM. Infusion fluid or air was used for internal
tamponade. In patients with a visually significant
cataract, phacoemulsification with an intraocular lens
implantation was performed before the PPV (8 eyes in the
idiopathic ERM group and 16 eyes in the diabetic ERM
group). Topical antibiotic (moxifloxacin) drops were
prescribed five times a day for 2 weeks postoperatively.
Topical steroid (prednisolone) drops were prescribed six
times a day for 1 month and tapered off slowly. No
intraoperative or postoperative complications were
recorded related to surgery, as well as recurrent ERM
formation.

OCT measurements

SD OCT (Spectralis, Heidelberg, Germany) was used in
order to measure PROS length, overall PR length and
central foveal thickness (CFT). This OCT provides 40 000
A-scans per second, with a resolution of 7–14 μm by using
a 870-nm wavelength superluminescent diode. Spectralis
has active eye tracking system that minimizes motion

artifact. The PROS length was taken as the distance from
inner surface of IS/OS (inner segment/outer segment)
band to inner surface of retinal pigment epithelium (RPE).
The overall PR length was taken as the distance from the
outer border of external limiting membrane (ELM) to
inner surface of RPE. The PROS and overall PR lengths
were measured at two points: 500 μm nasal and temporal
to the center of fovea (Figure 1) and the average of two
measurements were used for analysis. The measurements
were performed by using manual caliber tools provided
by the Spectralis device software. The images were
analyzed with a zoom of 400%. The evaluation of IS/OS
integrity was a binary decision ‘yes/no’ in the 1-mm
diameter circular area of the central fovea by examining
multiple scans. All measurements were made by two
experienced researchers (KY, GP). The OCT examinations
were repeated at least three times, and the best-quality
performances were selected for analysis. For quantitative
data on PROS and overall PR length, the average values
obtained by the two investigators were used. The OCT
images were evaluated also to determine the integrity of
the IS/OS junction and type of macular thickening (ie
diffuse or cystoid).

Statistical analysis

For statistical analysis, Statistical Package for the Social
Sciences version 16.0 software for Windows (SPSS Inc.,
Chicago, IL, USA) was used. All data are expressed as the
mean± SD of the mean. P-values o0.05 were considered
to be statistically significant. Snellen chart readings were
converted to logMAR for statistical analysis. Friedman’s
test was applied for each outcome measures (ie, PROS
length, overall PR length, and CFT) within each study
group. Post hoc analysis with Wilcoxon signed-rank tests
was conducted with a Bonferroni correction applied,
resulting in a significance level set at Po0.0125. We
applied Mann–Whitney U-test to test the differences
between the parameters in the idiopathic and diabetic
ERM groups. Spearman correlation analysis was used to
detect association between PROS length change, CFT
decrease, and visual acuity gain in both groups. The
χ2-test was used to determine whether there was a
significant difference between the observed frequencies of
IS/OS junction disruption in the two study groups.

Results

The mean age of the patients in the idiopathic ERM group
was 69.1± 5.9 years (range: 59–80 years), and the mean
age of the participants in the diabetic ERM group was
67.0± 7.2 years (range: 53–84 yearsp; P= 0.24). There were
12 male and 13 female patients in both groups (P= 1.00).
There were 14 right eyes (52%) and 13 left eyes (48%) in
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the idiopathic group, whereas there were 9 right eyes
(36%) and 16 left eyes (64%) in the diabetic group.
The IS/OS junction disruption was found in 11 eyes

(41%) in the idiopathic ERM group, whereas it was found
in 18 eyes (72%) in the diabetic ERM group preoperatively
(P= 0.02). In the idiopathic ERM group, the type of
preoperative macular thickening was diffused in 23 eyes
(85%) and cystoid in 4 eyes (15%). In the diabetic ERM
group, the type of preoperative macular thickening was
diffuse in 6 eyes (%24), and cystoid in 19 eyes (76%).
There were no significant differences between the
reduction in mean PROS (P= 0.29), overall PR length
(P= 0.67), and CFT (P= 0.61) measurements and the
presence of cystoid macular edema in the diabetic ERM
group at the last visit.
The mean visual acuity values (logMAR) of the

idiopathic ERM group in the preoperative, postoperative

first, third, and sixth month were 0.50± 0.20, 0.33± 0.16,
0.26± 0.15, and 0.22± 0.16, respectively (Po0.001 for all
the postoperative values when compared with
preoperative visual acuity). The mean visual acuity values
(logMAR) of the diabetic ERM group in the preoperative,
postoperative first, third, and sixth month were
0.91± 0.36, 0.68± 0.35, 0.63± 0.38, and 0.66± 0.38,
respectively (Po0.001 for all the postoperative values
when compared with preoperative visual acuity). The
visual acuity value of the idiopathic ERM group was
significantly higher than that of diabetic ERM group in all
the visits (Po0.001). Preoperative visual acuity was
statistically significantly low in eyes with IS/OS junction
disruption in both the idiopathic ERM (Po0.001) and
diabetic ERM (Po0.001) groups.
The mean PROS, overall PR length and CFT

measurements of the idiopathic and diabetic ERM groups

Table 1 The mean PROS, overall PR thickness, and CFT values of the ‘idiopathic’ ERM group before and after surgery are presented

Pre-op. 1st month 3rd month 6th month

PROS (μm) 33.0± 4.7 30.1± 3.9 (Po0.001)a 29.6± 4.1 (Po0.001)a 28.6± 4.3 (Po0.001)a

Overall PR (μm) 44.1± 4.7 40.1± 3.9 (Po0.001)a 39.2± 4.0 (Po0.001)a 38.9± 3.8 (Po0.001)a

CFT (μm) 477.0± 92.7 414.4± 63.8 (Po0.001)a 371.2± 86.7 (Po0.001)a 352.8± 53.4 (Po0.001)a

Abbreviations: CFT, central foveal thickness; ERM, epiretinal membrane; PR, photoreceptor; PROS, photoreceptor outer segment. aP-value is calculated
according to the comparison to the preoperative measurements.

Figure 1 Spectral domain OCT images that show the preoperative (b) and postoperative (d) measurements of PROS and overall PR
length, as well as the posterior segment photos (a and c).
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are presented in Table 1 and Table 2, respectively. All the
studied parameters were statistically significantly lower
at all the postoperative visits when compared with
preoperative values in both groups (Po0.001).
Preoperative mean CFT was higher in the diabetic ERM
group (P= 0.03), whereas preoperative PROS and overall
PR length measurements were similar in the two study
groups (P= 0.75 and P= 0.25, respectively). The amount
of decrease in PROS and overall PR length were similar in
both groups after surgery (P40.05). Table 3 shows the
amounts of decrease in the measurements of PROS length,
overall PR length, and CFT at first, third, and sixth month
postoperative visits in the idiopathic and diabetic ERM
groups.
The scatter plot graphics that show the correlation of

visual acuity difference and PROS length difference
between the preoperative and last visits are presented in
Figure 2. Visual acuity gain was correlated with CFT
decrease in the diabetic ERM group (rho= 0.41, P= 0.03),
while there was no correlation in the idiopathic ERM
group (rho= 0.09, P= 0.66) at the last postoperative visit.

Discussion

The present study showed that removal of idiopathic and
diabetic ERMs both resulted in postoperative decreased
PROS and overall PR length in similar amounts. Our
results also suggest that the correlation of visual acuity
gain and PROS length difference between the
preoperative and last visits is not high in both groups.
However, the two groups showed different characteristics
in the aspect of IS/OS junction disruption, visual acuity,
and macular thickening.
Visual acuity is usually found to be worse in secondary

ERMs such as diabetic ERMs when compared with
idiopathic ERMs.11 Our study also showed that mean
visual acuity values were lower in the diabetic ERMs both
preoperatively and postoperatively. Nevertheless both
groups showed significant visual acuity gain
postoperatively. Visual acuity was found to be strongly
associated with IS/OS junction disruption in ERM
cases.12,13 In the diabetic ERM group, IS/OS junction
disruption was more frequent which explains the low
visual acuity in this group.
The PROS length is considered as an indicator of visual

acuity at all follow-up visits after surgery and a predictor
of postoperative visual acuity in patients with idiopathic
ERM.14 Our results showed that visual acuity increased,
whereas PROS length decreased postoperatively;
however, there was no significant association between
amount of PROS length decrease and visual acuity
increase. This outcome may be explained by Stiles–
Crawford effect that points out the directional sensitivity
of the cone receptors.15–17 The visual system has reduced
sensitivity to light rays that are not concordant with the
direction of the photoreceptors.15–17 It was reported that
when the integrity and orientation of the photoreceptors
is disturbed by edema or traction, directional light
sensitivity of the cones decline.16,18 According to us, since
the foveal architecture was improved postoperatively, the
directional sensitivity of the photoreceptors increased,
and the visual acuity gain occurred in the present study.
Shin et al19 found that the mean macular PROS length

was ~ 37 μm in patients with ERM. In our study, the mean
preoperative PROS length was 33 μm in the idiopathic
ERMs, whereas it was 32 μm in the in the diabetic ERMs.

Table 2 The mean PROS, overall PR thickness and CFT values of the ‘diabetic’ ERM group before and after surgery are presented

Pre-op. 1st month 3rd month 6th month

PROS (μm) 32.2± 3.0 28.9± 2.4 (Po0.001)a 28.7± 2.4 (Po0.001)a 28.8± 2.3 (Po0.001)a

Overall PR (μm) 42.4± 3.2 38.3± 2.4 (Po0.001)a 37.8± 2.6 (Po0.001)a 37.9± 2.5 (Po0.001)a

CFT (μm) 543.1± 107.9 415.6± 98.6 (Po0.001)a 347.9± 96.4 (Po0.001)a 317.0± 82.8 (Po0.001)a

Abbreviations: CFT, central foveal thickness; ERM, epiretinal membrane; Pre-op., preoperative; PR, photoreceptor; PROS, photoreceptor outer segment.
aP-value is calculated according to the comparison to the preoperative measurements.

Table 3 The amounts of decrease in the measurements of PROS
length, overall PR length, and CFT at first month, third month,
and sixth month postoperative visits in the idiopathic and
diabetic ERM groups are presented

Idiopathic
ERM group

Diabetic
ERM group P-value

PROS length (μm)
1st month 2.9± 2.1 3.3± 2.3 0.10
3rd month 3.4± 3.2 3.5± 2.6 0.40
6th month 4.4± 2.5 3.4± 2.8 0.38

Overall PR length (μm)
1st month 4.0± 2.7 4.1± 2.5 0.40
3rd month 4.9± 4.3 4.7± 2.6 0.19
6th month 5.2± 3.2 4.5± 2.5 0.89

CFT (μm)
1st month 62.6± 58.9 127.5± 86.9 0.006
3rd month 105.8± 115.6 195.2± 110.1 0.004
6th month 124.2± 81.8 226.4± 110.5 o0.001

Abbreviations: CFT, central foveal thickness; ERM, epiretinal membrane;
PR, photoreceptor; PROS, photoreceptor outer segment.
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The PROS and overall PR length decreased significantly
in both groups at all follow-up visits in the present study.
Postoperative decrease in PROS length might be due to
the relief of upward mechanical traction of ERM. Shiono
et al14 reported that PROS length and outer foveal
thickness were significantly decreased 1 month after
surgery compared with that at baseline, however, they
returned to baseline values at 3 and 6 months after
surgery in idiopathic ERMs. The difference in the change
of postoperative PROS length at third and sixth month
visits between our study and Shiono’s study may be
occurred due to the longer symptomatic period until
surgery in our patients.
There are some other reports related to the status of

photoreceptor layer in ERM.20–22 Kim et al reported that
the preoperative integrity of foveal photoreceptors may
be an important prognostic factor for visual outcome in
patients with idiopathic ERM.20 Itoh et al21 found that the
recovery of the foveal photoreceptor cone outer segment
tips line disintegrity is associated with the visual recovery
after ERM surgery. In addition, the presence of a
preoperative intact IS/OS junction was found to be an
important predictor of better visual outcome following
ERM surgery.22

The extent of macular thickness and presence of cystoid
macular edema are some of the factors that may affect the
functional and anatomical success of the ERM
removal.12,23 Yazici et al reported that idiopathic and
diabetic ERMs differ significantly in terms of macular
thickness and presence of cystoid macular edema.11 In our
study, eyes with diabetic ERMs had much more macular
cystoid spaces and had thicker central fovea compared to
eyes with idiopathic ERMs. However, the central macular
thickness decreased significantly in a similar manner in

both the diabetic and idiopathic ERM groups following
surgery. Romano et al24 reported that large intraretinal
cysts may induce subfoveal atrophy after vitrectomy with
ILM peeling for diabetic macular edema. In our study,
there were no significant differences between the
reduction in mean PROS, overall PR length, and CFT
measurements and the presence of cystoid macular
edema in the diabetic ERMs.
ILM removal in ERM surgery is a controversial issue.

Ahn et al25 suggested that in terms of visual outcome and
photoreceptor integrity, ILM peeling in ERM surgery may
not have an additional benefit. Kang et al26 reported that
removal of the ILM may lower recurrence rates in both
idiopathic and secondary ERM cases. In our study, ILM
peeling was performed in all the cases and we did not
encounter recurrent ERM in both the diabetic and
idiopathic groups. However, it was reported that ILM
and ERM are not always distinct and surgically separable
as previously recognized, and it may be difficult to
determine the nature of membranes intraoperatively.27 As
an oppose finding for the benefit of ILM removal,
Grimbert et al28 reported that active ILM peeling may
cause postoperative visual discomfort related to micro
trauma.
Our study had several limitations. Measurements of

PROS and overall PR length were performed manually
using caliber tools of the software. A full-automated
image analysis program for PROS length measurement
would provide more accurate data. Retrospective study
design and relatively small sample sizes are additional
limitations of this study.
In conclusion, the amount of postoperative decrease of

PROS and overall PR length are similar in idiopathic and
diabetic ERMs. Diabetic ERMs differ from idiopathic

Figure 2 Scatter plot graphics that show the correlation of visual acuity gain and PROS length difference between the preoperative and
last visits in diabetic and idiopathic ERM groups.
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ERMs in terms of visual acuity at each visit, preoperative
presence of cystoid spaces and IS/OS disruption. We
should suggest that PROS length change may not be an
important determinant of postoperative visual acuity gain
following surgery for ERM removal in both idiopathic
and diabetic ERMs.

Summary

What was known before
K The photoreceptor outer segment (PROS) length may be a

prognostic factor in idiopathic epiretinal membrane (ERM)
surgery.

What this study adds
K Postoperative change of PROS length was similar in

idiopathic and diabetic ERMs.
K PROS length change may not be an indicator of

postoperative visual acuity.
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