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Abstract

Purpose: To analyze the correlation between morphological
and functional results 12 months after epiretinal membrane
(ERM) surgery. Methods: 31 eyes from 31 consecutive pa-
tients with metamorphopsia and best corrected visual acu-
ity (BCVA) below 20/32 underwent a transconjunctival 23-
gauge vitrectomy with ERM and internal limiting membrane
peeling. Preoperatively and 3, 6 and 12 months postopera-
tively, we assessed BCVA, microperimetry (MP-1) and spec-
tral domain optical coherence tomography (SD-OCT). Pho-
toreceptor inner and outer segment (IS/0S) was graded on
SD-OCT images and correlated with microperimetry mea-
surements in the fovea and parafoveal region. Results: The
postoperative BCVA was significantly better in eyes with an
intact IS/OS junction (p < 0.01). In addition, the mean defect
depth was postoperatively decreased in the foveal and para-
foveal area in eyes with an intact I1S/OS junction. A correla-
tion of SD-OCT IS/OS images and microperimetry in eyes
with improvement in BCVA of at least 2 lines revealed a sta-
tistically significant result for the parafoveal quadrants (p <

0.011 for SD-OCT and p < 0.005 for microperimetry) but not
for the foveal area alone. Conclusions: The IS/OS regenera-
tion in the parafoveal quadrants contributes significantly to
the recovery of BCVA following ERM surgery. Consequently,
functional and morphological tests of the macular area
should not be limited to the fovea but should be extended

to the parafoveal region. Copyright © 2013 S. Karger AG, Basel

Introduction

Epiretinal membrane (ERM) formation is character-
ized by a proliferation of glial cells and hyalocytes in the
macular area [1]. In most cases, the disease is idiopathic,
but can also be seen following retinal detachment surgery,
cryotherapy or laser photocoagulation. In the elder popu-
lation, the prevalence is about 70% [1]. As the epimacular
membrane contains contractile cellular elements, the dis-
ease may be associated with retinal folding and macular
thickening, leading to a decrease in visual acuity (VA) and
disturbing metamorphopsia, photophobia and micropsia
[2-4].

The current surgical approach includes a pars plana
vitrectomy and removal of ERM. Some surgeons also re-
move the internal limiting membrane (ILM) as a prophy-
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lactic measure in order to prevent cellular reprolifera-
tions. Vital dyes such as trypan blue or brilliant blue can
be used to visualize the epiretinal tissue and the ILM, re-
spectively [5].

The current progress in retinal imaging using high-
resolution spectral domain optical coherence tomogra-
phy (SD-OCT) enables us to capture detailed, pseudohis-
tological images of all retinal layers. Having these high-
resolution images available, the outer retinal layers,
especially the junction between the photoreceptor inner
and outer segment (IS/OS juncture), is now understood
to play an important role in functional recovery following
macular surgery [6-9] as recent studies have suggested [7,
8, 10]. While in healthy eyes the IS/OS juncture can be
identified as a continuous hyperreflective band just above
the retinal pigment epithelium, disruptions of the IS/OS
juncture have been discussed as potential predictors for
poor visual recovery in eyes having undergone macular
surgery [6, 7, 11-17].

It is known that tractional forces first lead to morpho-
logical disorganization of the inner retina [18-20] fol-
lowed by changes in the outer retinal layers as the disease
progresses. Many OCT studies in patients with ERM in-
dicated prognostic factors, besides VA and duration of
symptoms [21-23], such as marked loss of the foveal con-
tour, the presence of cystoid macular edema, and the in-
tegration of the photoreceptor layer [4, 6, 10, 24, 25].

In addition to these improvements and developments
in retinal imaging, more detailed macular functional
analyses are obtainable using microperimetry systems
providing information on foveal fixation, macular sen-
sitivity and depth of central macular defects. Fundus-
controlled microperimetry is a functional test allowing
for the analysis of retinal sensitivity with a high spatial
resolution [26]. It differs from standard perimetry tech-
niques as it is independent of eye movements during the
examination. This is achieved by controlled projection
of the test stimuli in constant topographic relation to
retinal landmarks. An exact overlay of such functional
mapping with high-resolution images of the retina may
reveal the functional impact of microstructural altera-
tions in vivo.

Previous reports [7, 14-17, 27, 28] in the literature
dealing with a correlation of function and morphology
using microperimetry and SD-OCT demonstrated that
preoperative outer retinal disruption was associated with
poorer visual recovery postoperatively. However, they
did not differentiate between localized alterations seen in
the fovea and potential abnormalities in the parafoveal
region.
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Fig. 1. Scheme of the individually analyzed 5 sectors (modified
ETDRS grid): OCT scans (red), microperimetry (green).

Therefore, the aim of the present investigation was to
analyze the correlation between photoreceptor IS/OS in-
tegrity as documented on SD-OCT and microperimetry
findings both in the foveal and parafoveal area in eyes
undergoing vitrectomy for epimacular membrane repair
and to correlate findings with postoperative VA.

Materials and Methods

Study Population and Surgery

In this prospective, consecutive, observational nonrandomized
study, 31 eyes of 31 patients with ERM formation were enrolled
between July 2011 and January 2012. Informed consent was ob-
tained prior to surgery. The study was approved by the Institu-
tional Review Board. All patients suffered from metamorphopsia
and decrease in best corrected visual acuity (BCVA). Surgery was
performed in eyes with BCVA below 20/32, and/or persisting
symptoms such as disturbing metamorphopsia or micropsia for a
period of at least 6 months. Standard 23-gauge vitrectomy with
peeling of the unstained ERM followed by the ILM was performed
by two highly trained vitreoretinal surgeons (A.K. and C.H.). The
ILM was visualized using an approved heavy brilliant blue solution
(Fluoron GmbH, Neu Ulm, Germany). In patients with relevant
lens opacification, a combined surgery of cataract surgery, intra-
ocularlensimplantation and pars plana vitrectomy was performed.
Patients with prior vitrectomy, any history of uveitis or retinal de-
tachment, recurrent ERM, proliferative diabetic retinopathy or pa-
tients with concurrent macular diseases such as macular degen-
eration or diabetic macular edema were excluded.

Patient Examination

Preoperatively and 3, 6 and 12 months after surgery, we per-
formed the following examinations: measurement of BCVA, slit
lamp examination of the anterior segment with documentation of
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Fig. 2. Classification of SD-OCT photore-
ceptor IS/OS grading: grade 0 (intact IS/OS
integrity), grade 1 (irregular IS/OS integ-
rity <200 pm), grade 2 (loss of IS/OS integ-
rity >200 pum).

lens opacification using the Lens Opacities Classification System
I1I, funduscopy using a 78-dpt lens, central 10-degree microperim-
etry (Nidek MP-1, Nidek Instruments Inc., Japan) and SD-OCT
(Heidelberg Engineering, Heidelberg, Germany). Measurements of
the depth of the mean defect, mean sensitivity and VA results ex-
pressed as a gain in lines were correlated to morphological changes
in the photoreceptor layer (IS/OS) as analyzed by SD-OCT.

In order to allow for a reliable and standardized correlation, the
macular area was divided into 5 sectors according to the ETDRS
protocol using the MP-1 software (modified ETDRS grid): sector
1 was defined as the foveal area while the parafoveal area was di-
vided into 4 quadrants labeled sectors 2-5 (fig. 1).

Microperimetry was performed using 4-2-1 staircase strategy
with a Goldmann III stimulus and 40 stimulus locations covering
the 10-degree center field. The differential luminance, defined as
the difference between stimulus luminance and background lumi-
nance, was 127 cd/m? at 0 dB stimulation and the maximum stim-
ulus attenuation was 20 dB. The duration of the stimulus was 200
ms and the fixation target was varied in size according to the pa-
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tient’s VA. There were 8 stimuli presented in the central 2-degree
field, 24 stimuli covering the central 6-degree field; all in all, 40
stimuli were applied to cover the entire central 10-degree field. Af-
ter conclusion of the fundus microperimetry, a colored fundus im-
age was obtained and overlayed with the microperimetry results in
the modified ETDRS grid.

For the SD-OCT analyses, a modified volume scan was per-
formed in each observational time step. Five horizontal scans of
the fovea and 7 horizontal scans of each parafoveal quadrant with
a single scan distance of 11 pm were obtained and evaluated in the
modified EDTRS grid (5 sectors; fig. 1). The photoreceptor layer
was imaged as a hyperreflective line showing the photoreceptor IS/
OS junction above the retinal pigment epithelium. The integrity of
the IS/OS layer was evaluated by two independent blinded inves-
tigators (authors 1 and 6) and graded in all sectors using a soft-
ware-defined grid layer and a grading score from 0 to 2 according
to other studies [7, 17]: grade 0 was defined as an intact IS/OS junc-
tion as seen by a continuous hyperreflective line, grade 1 as a focal
disruption of the IS/OS junction of <200 um, and grade 2 as a dis-
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Fig. 3. Correlation of functional and mor-
phological findings using the example of a
macular pucker (a) with recovery of the IS/

OS zone in the postoperative OCT (b). | = Doiwge = reswayies  ewen =~ Teeh swsgosciooed  fotontuot Ryt pmen o T sy
BCVA improved from 0.4 logMAR before B “‘"‘“ b » ° b i;*;”:, P

to 0.1 logMAR after surgery.

ruption of the IS/OS junction of >200 pum (fig. 2). OCT and micro-
perimetry images were matched using the adapted integrated
MP-1 software importing function and correlations between SD-
OCT IS/OS grading and MP-1 results were recorded in all 5 sectors
using the modified ETDRS grid.

Statistics

All VA measurements (Snellen chart) were converted to the
logarithm of the minimum angle of resolution (logMAR) VA. The
Mann-Whitney test and cross-tables using Fisher’s exact test were
performed to compare logMAR values (dependent variable) to
SD-OCT and microperimetry results (independent variables). A
change of BCVA of at least 2 lines was considered statistically sig-
nificant. The mean sensitivity of all 5 macular sectors (fovea and
parafoveal area) was correlated to mean SD-OCT gradings (0-2).
All analyses were conducted using the SPSS Statistics 19.0 Software
(SPSS, Inc., Chicago, IlI., USA). A p value <0.05 was considered
statistically significant.

The impact of lens opacities on BCV A was analyzed as follows:
the values for pseudophakic eyes and clear lens were set as 0 in the
Lens Opacities Classification System III. The significance of the
differences between preoperative and postoperative BCVA was
evaluated using the Mann-Whitney U test. The possible correla-
tion between the preoperative VA and the functional parameters
was investigated using Spearman’s rank correlation test.

Results

The study population consisted of 18 males and 13
females with a mean age of 68.6 years (range of 56-79
years).

The ERMs were successfully removed in all eyes. Com-
bined cataract surgery and vitrectomy was performed in
9 eyes, 5 eyes were already pseudophakic. There were no
postoperative complications in any of the cases, i.e. endo-
phthalmitis, retinal detachment, macular edema or new
ERM formation.
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Table 1. Correlation between preoperative IS/OS grading and
postoperative mean defect measurements in microperimetry

Preoperative ~ Postoperative mean defect (12 months)
I .
$/0S grading sector 1 sector 2 sector 3 sector4 sector 5
Correlation! -0.305 -0.523 -0.377 -0.517 -0.628
p value? 0.095 0.003 0.040 0.003 0.000

! Spearman’s rank test.
2p < 0.05 compared with baseline.

Overall, the postoperative improvement in BCVA was
significantly more pronounced in eyes with a postopera-
tive intact (grade 0) IS/OS junction on the SD-OCT im-
ages compared to those eyes with an irregular (grade 1)
or disrupted (grade 2) IS/OS junction (p < 0.01; fig. 3). In
these patients, a significant increase in mean sensitivity
and a significant decrease in the mean defect depth in mi-
croperimetry were noted postoperatively. No sign of in-
traretinal fluid or vitreoretinal traction was recorded dur-
ing the whole observation period in all SD-OCT images.

Correlation of Visual Improvement to SD-OCT and

Microperimetry

Overall, mean macular sensitivity increased from 14.6
+2.3t016.1 £2.1 dB in the foveal area and from 8.0 + 3.0
to 14.3 + 4.3 dB in the surrounding 4 quadrants after 12
months. Comparing foveal (sector 1) and parafoveal (sec-
tors 2-5) measurements, a significant correlation could
only be found for the parafoveal area between mean de-
fect and IS/OS junction before and after surgery (table 1;
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Fig. 4. a-d OCT grading and microperimetry (mean defect depth) results in the foveal (a, b; sector 1) and para-
foveal (c, d; sectors 2-5) area preoperatively and after 3, 6 and 12 months postoperatively. Note the decrease in
the mean defect depth and the improvement in the IS/OS integrity.

tig. 4a—d). Table 1 demonstrates the results of Spearman’s
rank correlation test that revealed a significant correla-
tion in the parafoveal sectors between the preoperative
IS/OS integrity and the postoperative functional results
in microperimetry analyses (p < 0.05).

Patients with a postoperative VA improvement of 2
lines or more after 12 months (n = 20) showed a better
preoperative IS/OS integrity (grade 0) in comparison to
patients with a lower improvement in VA (n = 11; fig. 5).
There were no significant differences in baseline data
concerning VA, SD-OCT measurements and micrope-
rimetry analyses between the groups (p for all parameters
>0.10). Comparing patients with a significant improve-
ment in BCVA of at least 2 lines at 12 months (group 1)

Vitrectomy in Epimacular Membranes

after surgery to those with no significant improvement
(group 2), no statistically significant difference concern-
ing the regeneration of the IS/OS junction was noted
when looking at the foveal scan alone (p = 0.427; fig. 6a).
In contrast, when assessing the parafoveal sectors 2-5, a
statistically significant correlation of visual gain and IS/
OS regeneration was observed, with a better IS/OS junc-
ture regeneration in patients with 2 or more lines of
BCVA improvement (p = 0.011; fig. 6b).

Similarly, correlating the decrease in the mean defect
depth in microperimetry to the development of VA, a sta-
tistically significant difference for both the foveal and
parafoveal sectors was seen. The decrease in the mean de-
fect depth was more pronounced in patients of group 1

Ophthalmologica 2013;230:9-17
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Fig. 5. Preoperative photoreceptor status
compared to VA improvement after 12
months in the foveal (sector 1) and in the
parafoveal (sector 2-5) quadrants. * =
Meannumber of patientsin all 4 parafoveal-
quadrants (sectors 2-5).

Fig. 6. Changes of the IS/OS grading after
12 months postoperatively comparing pa-
tients with BCVA improvement of 2 or
more or less than 2 lines. No significant im-
provement is seen for a grading of the fo-
veal scan alone (a). A significant improve-
ment was seen when looking at the parafo-
veal sectors 2-5 (b).

Fig. 7. Changes of the mean defect depth
after 12 months postoperatively comparing
patients with BCVA improvement of 2 or
more or less than 2 lines. A significant im-
provement is seen for a grading of both the
foveal scan alone (a) and the parafoveal
scans (b). The result was more significant
in the parafoveal area (sectors 2-5).
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(VA gain of atleast 2 lines). However, the result was more
remarkable in the parafoveal sectors 2-5 compared to the
foveal sector 1 (p = 0.005 vs. p = 0.011; fig. 7a and b).

No correlation could be established concerning retinal
thickness and VA (p = 0.375). The statistical analyses of
mean values measured using the Lens Opacities Classifi-
cation System III showed no significant influence of cata-
ract formation on VA improvement postoperatively (p =
0.16, data not shown). No patients underwent cataract
surgery in the time of the follow-up period.

Discussion

ERM formation represents a pathology which is local-
ized on the retinal surface or the vitreoretinal interface.
Cellular proliferation is very likely related to an incom-
plete posterior vitreous detachment in idiopathic cases,
but may also be the result of other conditions such as ret-
inal breaks, laser or cryotherapy, inflammatory diseases
or retinal detachment. Tractional forces first lead to mor-
phological disorganization of the inner retina [18-20]
followed by changes in the outer retinal layers as the dis-
ease progresses. It is very suggestive that the extent and
localization of outer retinal changes in eyes with ERM
formation may be very variable and correlate to the size
of the membrane and the focus where tractional forces are
most pronounced.

The described changes are often associated with a de-
crease in VA and disturbing metamorphopsia, which are
the main indications for surgical intervention. As for oth-
er traction maculopathies such as macular holes or vitreo-
macular traction syndrome, surgery consists of a pars pla-
na vitrectomy with peeling of visible epimacular mem-
branes and the ILM [2, 29].

However, in some cases, the functional result obtained
postoperatively is not satisfying both for the surgeon and
the patient despite clinically visible anatomic success. The
reason for this discrepancy is now understood to be cor-
related with alterations of the outer retinal layers, which
can be depicted with high-resolution imaging technolo-
gies such as OCT, but not during a clinical examination
using a 78- or 90-dpt lens during biomicroscopy [30].

Wakabayashietal. [31] analyzed reconstructive chang-
es following macular hole surgery and showed that the
integrity of the back-reflection lines from the photorecep-
tor IS/OS junction and the external limiting membrane as
seen on SD-OCT images may predict subsequent restora-
tion of the foveal photoreceptor layer and the potential
for better visual outcomes [31]. In addition to a positive

Vitrectomy in Epimacular Membranes

correlation between outer segment restoration and func-
tional results after macular surgery, Itoh et al. [12] ob-
served that a recovery of the foveal cone microstructure
may be seen as late as 12 months after anatomically suc-
cessful surgery. These findings were supported by other
authors [2, 4, 7, 10, 16, 17, 25, 28, 29, 32].

However, so far published studies investigating the
role of the outer retinal layers and their impact on func-
tional recovery focused mainly on foveal sections ob-
tained during OCT examinations and did not include the
area surrounding the fovea [2, 4, 7, 10, 16, 17, 25, 28, 29,
32].

In contrast to that, the present investigation system-
atically analyzed both the foveal and parafoveal region
and established a correlation between morphological ab-
normalities detected in OCT images and retinal function
in these specific areas as measured by microperimetry
and BCVA. To the best of our knowledge, the present
study is the first to demonstrate the relevance of the para-
foveal area for postoperative VA improvement. Our re-
sults indicate that photoreceptor IS/OS integrity on SD-
OCT is a statistically significant predictor of VA in pa-
tients with ERM formation, and statistical analysis
illustrates that IS/OS disruption increases the predictive
power of OCT measurements. We conclude from our
data that morphological and functional tests (SD-OCT
and microperimetry) in patients with ERM formation
should not be focused on the foveal region alone, but
should also cover the parafoveal area. Therefore, with re-
spect to the role of the parafoveal region in functional
recovery as shown in the present investigation one may
suggest that epiretinal tissue and potentially also the ILM
should be removed as thoroughly and completely as pos-
sible in a large enough area.

From our point of view, a strength of this study is the
combination of microperimetry and SD-OCT to assess
the foveal and the parafoveal region, which allows for a
more detailed evaluation of morphological abnormalities
of the outer retina and their impact on retinal function.
An analysis of foveal OCT scans and microperimetry
measurements alone may not provide enough informa-
tion on the effect of ERM formation both on the outer
retinal layers and their functional relevance before sur-
gery as well as their effect on postoperative functional de-
velopment as measured by BCVA. We found a higher sta-
tistical significance at 12 months postoperatively follow-
ing an analysis of the parafoveal region compared to the
fovea using SD-OCT and microperimetry when correlat-
ing the results of these measurements to postoperative
VA improvement. As a consequence, when using high-
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resolution imaging techniques and functional tests such
as microperimetry, a pre- and postoperative examination
of the whole macular area in patients with ERM forma-
tion seems mandatory. Interestingly, macular thickness
analysis alone showed no significant influence on postop-
erative VA improvement.

A limitation of our study is related to the limited num-
ber of patients included. In addition, OCT measurements
were performed using horizontal scans only. One might
hypothesize that additional vertical scans might provide
more detailed information on IS/OS abnormalities and

In conclusion, we report that disruption of the photo-
receptor IS/OS layer, especially in the parafoveal area
evaluated by SD-OCT, is a predictor of VA in patients
with ERM formation and provides additional informa-
tion about the pathogenesis of VA decrease and function-
al surgical outcome in these patients. The presence of a
normal IS/OS line indicates a morphological recovery of
the photoreceptor layer following epimacular membrane
surgery which is predictive for functional improvement.
Morphological and functional tests should not be limited
to the fovea, but should also include the parafoveal re-

recovery. gion.
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