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Evaluation of Outer Retinal Microstructure in Eyes with
Epiretinal Membrane and Macular Hole
Maküla Deliği ve Epiretinal Mebranlı Gözlerde Dış Retinal Mikroyapının
Değerlendirilmesi
Eyyüp KARAHAN1, Ömer KARTI2, Mahmut KAYA3, Taylan ÖZTÜRK4, Duygu DOĞAN5, Nilüfer KOÇAK6,
Süleyman KAYNAK6

ABSTRACT
Purpose: To evaluate the outer retinal microstructure via spectral-domain optical coherence tomography (SD-OCT) in patients with vitreoretinal interface abnormalities.
Materials and Methods: Twenty-three patients with unilateral epiretinal membrane (ERM) and 17 patients with unilateral macular hole
(MH) were included to the study. Outer retinal microstructure was evaluated with SD-OCT, and integrity of external limiting membrane,
ellipsoid zone, and the interdigitation zone as well as retinal thickness scores were noted for each study eye.
Results: Mean age and gender were not different between patients with ERM and MH. Higher retinal thickness was found in eyes with
ERM at 500 μm and 1000 μm distances to the fovea in both nasal and temporal quadrants. The integrity of interdigitation zone was significantly more frequent in eyes with ERM when compared to eyes with MH, and the difference was clearer in nasal quadrant compared
with temporal quadrant of the fovea. Both ellipsoid zone and external limiting membrane integrity were not statistically different between
eyes with ERM and MH.
Conclusion: Outer retinal microstructures between eyes with ERM and MH have some differences; better knowledge of these changes
might have importance on the surgical plans of such diseases.
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ÖZ
Amaç: Vitreoretinal ara yüzey anormallikleri olan hastalarda spektral-domain optik koherens tomografi (SD-OKT) ile dış retinal
mikroyapıyı değerlendirmek.
Gereç ve Yöntem: Tek taraflı epiretinal membranlı (ERM) 23 hasta ve tek taraflı maküler delikli (MD) 17 hasta çalışmaya dahil edildi. Dış
retina mikroyapısı SD-OKT ile değerlendirildi ve her çalışma gözü için retinal kalınlık skorları yanısıra dış sınırlayıcı membran, elipsoid
zon ve interdijitasyon zonu bütünlüğü kaydedildi.
Bulgular: Ortalama yaş ve cinsiyet, ERM ve MD’li hastalar arasında farklı değildi. Hem nazal hem de temporal kadranlarda foveaya 500
μm ve 1000 μm’lik mesafelerde ERM’li gözlerde daha yüksek retinal kalınlık bulundu. İnterdijitasyon zonu bütünlüğü, MD’li gözlerle
karşılaştırıldığında, ERM’li gözlerde anlamlı derecede daha sıktı ve foveanın temporal kadranı ile karşılaştırıldığında nazal kadranda fark
daha belirgindi. Hem elipsoid zon hem de dış sınırlayıcı membran bütünlüğü, ERM ve MD’li gözler arasında istatistiksel olarak farklı
değildi.
Sonuç: ERM ve MD’li gözler arasında dış retinal mikroyapılar bazı farklılıklara sahiptir; Bu değişikliklerin daha iyi anlaşılması, bu tür
hastalıkların cerrahi planlarında önemli olabilir.
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INTRODUCTION
Epiretinal membrane (ERM) and macular hole (MH) are
common vitreoretinal interface diseases that may be caused
by anomalous posterior vitreous detachment (PVD) and
vitreoschisis.1-6 However, cell component and structure of
the remained vitreous which is attached to the internal limiting membrane (ILM) are different between ERM and MH.
Moreover, remained vitreopapillary adhesions cause a very
important difference in the vectorial force of MH and ERM.7
Since the changes in vitreoretinal interface and vitreoretinal
adhesions are different in ERM and MH, there may be some
differences between ERM and MH in regard to outer retinal
microstructures hence there is a very little information about
the condition of outer retinal structures in such diseases.
Although conventional time-domain optic coherence tomography (OCT) remains limited data on delineating subtle
pathologic changes, spectral domain OCT (SD-OCT), with
its high resolution of up to 5 μm and high scanning speed,
has allowed layer-by-layer evaluation of the retina. The images of the SD-OCT clearly show three highly reflective layers in the outer retina; which are the external limiting membrane (ELM), ellipsoid zone (EZ), and interdigitation zone
(IZ).8,9 The aim of this study was to evaluate the changes in
ELM, EZ and IZ of the eyes with ERM and MH.
MATERIAL AND METHODS
This retrospective, comparative study was designed to include a total of 23 patients with unilateral ERM (57.5%) and
17 patients with unilateral MH (42.5%). Patients were recruited from the records of the Vitreoretinal Department of
the Dokuz Eylul University Hospital, Izmir, Turkey between
January 2014 and May 2015. The study was conducted in
accordance with the tenets of the Declaration of Helsinki,
and all of the patients consented to our review of their medical records.
This study included patients with idiopathic ERM and MH
with symptomatic visual impairment, metamorphopsia,
and decreased visual acuity. All MHs were diagnosed with
a stage 2, 3, or 4 idiopathic macular hole according to the
Gass classification. Seven eyes had stage 2, 6 eyes had stage
3 and 4 eyes had stage 4 macular hole. Eyes with secondary
ERM and MH resulting from diabetic retinopathy, retinal
detachment surgery, trauma, retinal vein occlusion, uveitis,
and those with eccentric type of disease were excluded from
the study. The patients underwent comprehensive ophthalmologic examinations including best-corrected visual acuity (BCVA) assessments, slit-lamp biomicroscopy, dilated
fundoscopy, fundus color photography, and SD-OCT scans
(Spectralis II, OCT+HRA; Heidelberg Engineering, Heidelberg, Germany). The images were generated using the
horizontal SD-OCT cross-section (14 lines spaced 250 μm
apart). In order to get the maximum quality, 25–30 frames

were averaged for each B-scan. Best corrected visual acuity
was measured with Snellen acuity chart. We used the segmentation software which was detected the ELM, EZ, the
IZ. Scans were obtained by an experienced OCT examiner
at least two times to obtain images with a signal intensity of
seven or more. The assessment of the outer layer abnormality of the fovea was made by two observers who were masked
to any clinical information (EK and MK). We controlled a
possible bias in OCT scans, using the manufacturer’s proprietary software. Each observer was masked to the other
observer’s readings. The measurements were performed in
a random order and masked fashion. The intraobserver and
interobserver reproducibility of the RT measurements was
assessed by measuring the intraclass correlation coefficient
(ICC). To assess intraobserver reproducibility, one observer remeasured RT using the first OCT session for a random
sample of 20 eyes approximately 1 month after all sets of
measurements were completed, while remaining masked to
the original measurements. The signals from the photoreceptor layer including the ELM line, EZ, and IZ were graded
as intact or absent at 500 μm, 1000 μm, and 2000 μm distances to the foveal center in nasal and temporal quadrants
as described in detail elsewhere.10-12 In brief, the photoreceptor layer of the SD-OCT images was classified as having
an intact line when a continuous or disrupted reflective line
was observed. When the signal was not observed, it was categorized as absent. The retinal thickness (RT) was defined as
the distance between inner retinal surface and inner border
of retinal pigment epithelium at fovea.
The statistical analysis was performed with SPSS for Windows 16.0 (SPSS Inc., Chicago, Illinois, USA). Eyes with
ERM and MH were compared regarding the presence of
ELM, EZ and IZ with chi-square test and with independent
t-test regarding BCVA and RT. A p value of below 0.05 was
considered as significant.
RESULTS
Mean age was 64.4 ± 7.8 years (range, 44 to 78 years) in
the group of ERM, and 68.2 ± 6.4 years (range, 54 to 79
years) in the group of MH (p=0.107). Ten of the 23 patients
(43.5%) were male in ERM group, whereas 3 of the 17 patients (17.6%) were male in the MH group (p=0.085). Duration of the symptoms was 2.6 ± 0.5 months (range, 1 to
11 months) and 2.4 ± 0.6 months (range, 1 to 12 months) in
ERM and MH groups, respectively (p=0.309). Mean BCVA
was 0.38 ± 0.10 in ERM group and 0.36 ± 0.24 in MH group
(p=0.377). Retinal thickness was higher in ERM group at
500 and 1000 μm distances to the fovea in both nasal and
temporal quadrants that were shown in Table 1.
Frequency of IZ integrity was significantly higher in eyes
with ERM when compared to eyes with MH. Figure 1
demonstrates intact IZ in eye with ERM and figure 2 demonstrates an eye with grade 2 macular hole in which IZ was not
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Table 1. Retinal thicknesses at all quadrants
Nasal 500μm
Nasal 1000μm
Nasal 1500μm
Temporal 500μm
Temporal 1000μm
Temporal 1500μm

Group

Mean

Std. Deviation

ERM

480.26

108.97

MH

455.88

56.74

ERM

449.17

96.94

MH

372.64

40.018

ERM

371.95

67.39

MH

310.64

34.68

ERM

479.95

134.66

MH

429.29

52.14

ERM

432.34

104.61

MH

347.64

45.66

ERM

347.95

76.89

MH

292.11

35.49

P value
0.406
0.004*
0.001*
0.150
0.003*
0.008*

*Statistically significant, ERM: Epiretinal membrane, MH: Macular hole

Figure 1. Intact interdigitation zone at all quadrants in an eye with epiretinal membrane.

observed in 500 μm distance to the foveal center at nasal
and temporal quadrant. This difference was clearer in nasal
quadrant compared with temporal quadrant. Both the ELM
and EZ integrity rates were not statistically different in eyes
with ERM and MH. Integrity rates of ELM, EZ and IZ at
various quadrants of the fovea in our study eyes were summarized in Table 2.
DISCUSSION

Figure 2. Absent interdigitation zone at 500 μm distance to
the foveal center at nasal and temporal quadrants.

The importance of PVD and vitreoretinal interface is established for the development of ERM and MH. If the posterior
vitreous cortex splits (vitreoschisis) during PVD process,
there can be differences upon the level of such split. Vitre-
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Table 2. Integrity rates of external limiting membrane, ellipsoid zone and interdigitation zone
ERM(n=23)

MH (n=17)

p value

IZ (%)
Nasal 500 μm
Nasal 1000 μm
Nasal 1500 μm
Temporal 500 μm
Temporal 1000 μm
Temporal 2000 μm

73.9
73.9
73.9
60.9
60.9
69.6

5.9
23.5
29.4
5.9
29.4
35.3

˂0.001*
0.002*
0.005*
˂0.001*
0.049*
0.031*

EZ (%)
Nasal 500 μm
Nasal 1000 μm
Nasal 1500 μm
Temporal 500 μm
Temporal 1000 μm
Temporal 2000 μm

87.0
95.7
100
87.0
95.7
100

82.4
88.2
94.1
76.5
82.4
94.1

0.687
0.379
0.239
0.388
0.166
0.239

ELM (%)
Nasal 500 μm
Nasal 1000 μm
Nasal 1500 μm
Temporal 500 μm
Temporal 1000 μm
Temporal 2000 μm

87.0
87.0
87.0
87.0
87.0
87.0

88.2
88.2
100
88.2
94.1
94.1

0.904
0.622
0.122
0.904
0.455
0.455

*Statistically significant, ERM: Epiretinal membrane, MH: Macular hole, IZ:Interdigitation zone, EZ: Ellipsoid zone, ELM:External
limiting membrane.

oschisis anterior to the level of the hyalocytes leaves a relatively thick cellular membrane attached to the macula. If
there is also separation from the optic disc (present in 82%
of the cases), inward (centripetal) contraction of this membrane may induce macular pucker. If the split occurs at a
level posterior to the hyalocytes, the remaining premacular
membrane is relatively thin and hypocellular. Persistent vitreopapillary adhesions (VPA) that present in 87.5% of cases,
influences the vector of in the tangential plane, resulting in
outward (centrifugal) tangential traction (especially nasal),
inducing a macular hole.7
Although, the vitreoretinal surface and VPA are well studied
in the pathogenesis of ERM and MH, there are only few
studies about the condition of outer retinal structures. The
recovery of these structures in the OCT images after surgery
for an ERM8, MH13-16, diabetic macular edema17,18 and rhegmatogenous retinal detachment19 was significantly correlated with BCVA.
Shimozono et al.20 studied 50 eyes of 49 patients who underwent vitrectomy for idiopathic ERM. Authors categorized
the eyes into 3 groups: Group A, with a continuous EZ and
IZ; Group B, with a continuous EZ but disrupted IZ; and
Group C, with a disrupted EZ and IZ. At 6 months, Group

A showed a significantly better BCVA than Group B, and
poorer BCVA was noted in Group C. Defect diameters of EZ
and IZ were also significantly correlated with BCVA postoperatively. Itoh et al.16evaluated the presence and intactness
of the IZ by SD-OCT and compared with the presence of
the EZ and the ELM at 1,3, 6, 9, and 12 months after the
MH surgery. They found that the BCVA was >20/25 at 12
months in 91% of the eyes with a distinct or irregular IZ but
in only 44% of the eyes without a IZ. They concluded that
the significant correlation between the BCVA and a distinct
or irregular IZ after successful MH surgery indicates that the
recovery of foveal cone microstructure is associated with
good postoperative BCVA. In another study, Itoh et al.15 investigated whether the postoperative length of the IZ defect
is significantly correlated with BCVA after MH closure. The
recovery of the foveal IZ defect was related to visual recovery after MH closure and they postulated that the length
of the preoperative IZ defect may predict the BCVA after
macular hole surgery. Itoh et al.21 reported that the recovery
of the foveal IZ defect was correlated with the BCVA also
after ERM surgery. In the present study, we found that the
IZ was significantly more disrupted in eyes with MH when
compared with eyes with ERM. These findings are consistent with the previous findings about the vectorial forces of
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such diseases (centripetal in ERM, and centrifugal in MH).
According to the persistent VPA that was present in 87.5%
of eyes with MH, theoretically the disruption of IZ might
be higher in nasal quadrant than temporal quadrant. In the
current study, the presence rate of IZ integrity was slightly higher in temporal quadrant when compared with nasal
quadrant but this difference was not statistically significant.
Houly et al.22 investigated the correlation between the length
of ELM, EZ and IZ defects and visual prognosis in patients
undergoing macular hole (MH) surgery stated that the preoperative length of the ELM defect is the strongest predictor
of visual acuity after MH surgery. Okamoto et al.23 designed
a study to examine any relationship between aniseikonia and
the foveal microstructure and found that preoperative aniseikonia was associated with MH size and the defect length
of ELM.

grants; participation in speakers’bureaus; membership, employment, consultancies, stock ownership, or other equity
interest; and expert testimony or patent-licensing arrangements), or non-financial interest (such as personal or professional relationships, affiliations, knowledge or beliefs) in
the subject matter or materials discussed in this manuscript.

Whether peeling of ILM or not remains controversial. Some
studies have suggested that removal of the ILM along with
ERM produced better outcomes in visual acuity and less recurrence rates than ERM peeling alone.24,25 However, others
reported that eyes treated with ILM removal together with
ERM removal had a less favorable visual outcome than eyes
that had only ERM removal.26-28

Informed consent: Informed consent was obtained from all
individual participants included in the study.

In our study, we demonstrated that the photoreceptor integrity is highly protected in eyes with ERM and probably the
ILM peeling causes an iatrogenic disruption in these eyes.
As a result, we believe that a detailed evaluation of outer retinal structures in eyes with ERM is mandatory to determine
the surgical intervention.

2. Mori K, Abe T, Yoneya S. Dome-shaped detachment of premacular vitreous cortex in macular hole development. Ophthalmic Surg
Lasers. 2000;31:203-9.

Although the small sample size is the main limitation of
our study, findings of our study give important information
about the outer retinal microstructure in patients with ERM
and MH. Similar visual acuity scores might be resulted by
small sample size of the study. Furthermore, as macular hole
and ERM have different pathogenesis two articles investigate macular hole and ERM separately would be very useful to better understand the pathogenesis of these diseases.
The authors of this study are aware that the findings of this
study are compared to previous studies performing surgical
therapy, although there is no surgical treatment performed in
current study. Unfortunately, studies investigated the outer
retinal structures in macular hole or ERM were concentrated to the effect of the preoperative and postoperative condition of outer retinal structures on postoperative and this was
limitate us to compare our results with similarly designed
previous studies. More studies with larger sample sizes will
strengthen the value of our study.
Funding: No funding was received for this research.
Conflict of Interest: All authors certify that they have no
affiliations with or involvement in any organization or entity
with any financial interest (such as honoraria; educational

Contributors Conception and design: EK and OK; acquisition of data: EK; analysis and interpretation of data: EK,
DD, TO, MK and NK; article drafting and revising: OK,
EK; final approval: SK, NK and EK.
Ethical approval: All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research
committee and with the 1964 Helsinki declaration and its
later amendments or comparable ethical standards.

REFERENCES/ KAYNAKLAR
1. Chauhan DS, Antcliff RJ, Rai PA, Williamson TH, Sparrow JM.
Papillofoveal traction in macular hole formation: the role of optical coherence tomography. Arch Ophthalmol. 2000;118:32-8.

3. Johnson MW, Van Newkirk MR, Meyer KA. Perifoveal vitreous
detachment is the primary pathogenic event in idiopathic macular
hole formation. Arch Ophthalmol .2001;119:215-22.
4. Chan A, Duker JS, Schuman JS, Fujimoto JG. Stage 0 macular
holes: observations by optical coherence tomography. Ophthalmology. 2004;111:2027-32.
5. Tatlipinar S. Different Mechanisms Causing Macular Hole Development in Proliferative Diabetic Retinopathy. Turk J Ophthalmol
2012; 42: 216-8.
6. Gorgun E, Yenerel M, Dinc UA, Oncel M, Basar D. Assessment
of central macular function by preferential hyperacuity perimetry (PHP) in idiopathic epiretinal membrane. Turk J Ophthalmol.
2008;38:128-33.
7. Sebag J. Anomalous posterior vitreous detachment: a unifying
concept in vitreo-retinal disease.Graefes Arch ClinExpOphthalmol. 2004;242:690-8.
8. Mitamura Y, Mitamura-Aizawa S, Katome T, Naito T, Hagiwara
A, Kumagai K, Yamamoto S. Photoreceptor impairment and restoration on optical coherence tomographic image. J Ophthalmol.
2013;518170.
9. Spaide RF, Curcio CA.Anatomical correlates to the bands seen in
the outer retina by optical coherence tomography: literature review
and model. Retina. 2011;31:1609-19.
10. Mitamura Y, HiranoK, BabaT. Correlation of visual recovery with
presence of photoreceptor inner/outer segment junction in optical
coherence images after epiretinal membrane surgery. Br JOphthalmol. 2009;93:171-5.

264

Evaluation of Outer Retinal Microstructure in Eyes with Epiretinal Membrane and Macular Hole

11. Inoue M,MoritaS,WatanabeY. Preoperative inner segment/outer
segment junction in spectral-domain optical coherence tomography as a prognostic factor in epiretinal membrane surgery. Retina.
2011;31:1366-72.

20. Shimozono M, Oishi A, Hata M, Matsuki T, Ito S, Ishida K, Kurimoto Y. The significance of cone outer segment tips as a prognostic factor in epiretinal membrane surgery. Am J Ophthalmol.
2012;153:698-704

12. Suh MH, Seo JM, Park KH, Yu HG. Associations between macular findings by optical coherence tomography and visual outcomes after epiretinal membrane removal. Am J Ophthalmol.
2009;147:473-80.

21. Itoh Y, Inoue M, Rii T, Hirota K, Hirakata A. Correlation between
foveal cone outer segment tips line and visual recovery after epiretinal membrane surgery. Invest Ophthalmol Vis Sci. 2013;54:7302308.

13. Inoue M, Watanabe Y, Arakawa A, Sato S, Kobayashi S, Kadonosono K. Spectral-domain optical coherence tomography images of
inner/outer segment junctions and macular hole surgery outcomes.
Graefes Clin Exp Ophthalmol. 2009;247:325-30.

22. Houly JR, Veloso CE, Passos E, Nehemy MB. Quantitative analysis of external limiting membrane, ellipsoid zone and interdigitation zonedefects in patients with macular holes. Graefes Arch Clin
Exp Ophthalmol. 2017;255:1297-06.

14. Ooka E, Mitamura Y, Baba T, Kitahashi M, Oshitari T, Yamamoto
S. Foveal microstructure on spectral-domain optical coherence tomographic images and visual function after macular hole surgery.
Am J Ophthalmol. 2011;152:283-90.

23. Okamoto F, Sugiura Y, Moriya Y, Murakami T, Okamoto Y, Hiraoka T, Oshika T. Aniseikonia and Foveal Microstructure in Patients
with Idiopathic Macular Hole. Ophthalmology. 2016;123:192632.

15. Itoh Y, Inoue M, Rii T, Hiraoka T, Hirakata A. Correlation between
length of foveal cone outer segment tips line defect and visual acuity after macular hole closure. Ophthalmology. 2012;119:1438-46.

24. Park DW, Dugel PU, Garda J, et al. Macular pucker removal with
and without internal limiting membrane peeling: pilot study. Ophthalmology. 2003;110:62-4.

16. Itoh Y, Inoue M, Rii T, Hiraoka T, Hirakata A. Significant correlation between visual acuity and recovery of foveal cone microstructures after macular hole surgery. Am J Ophthalmol. 2012;153:1119.

25. Bovey EH, Uffer S, Achache F. Surgery for epimacular membrane:
impact of retinal internal limiting membrane removal on functional outcome. Retina 2004;24:728-5.

17. Yohannan J, Bittencourt M, Sepah YJ, Hatef E, Sophie R, Moradi
A, Liu H, Ibrahim M, Do DV, Coulantuoni E, Nguyen QD. Association of retinal sensitivity to integrity of photoreceptor inner/
outer segment junction in patients with diabetic macular edema.
Ophthalmology. 2013;120:1254-61.
18. Ito S, Miyamoto N, Ishida K, Kurimoto Y. Association between
external limiting membrane status and visual acuity in diabetic
macular oedema. Br J Ophthalmol. 2013;97:228-32.
19. Wakabayashi T, Oshima Y, Fujimoto H, Murakami Y, Sakaguchi
H, Kusaka S, Tano Y. Foveal microstructure and visual acuity after
retinal detachment repair: imaging analysis by Fourier-domain optical coherence tomography. Ophthalmology. 2009;116:519-28.

26. Ripandelli G, Scarinci F, Piaggi P, Guidi G, Pileri M, Cupo G,
Sartini MS, Parisi V, Baldanzellu S, Giusti C, Nardi M, Stirpe M,
Lazzeri S.Macular pucker: To peel or not to peel the internal limiting membrane? A microperimetric response. Retina. 2015;35:498507.
27. Sivalingam A, Eagle RC Jr, Duker JS, Brown GC, Benson WE,
Annesley WH, Federman J. Visual prognosis correlated with the
presence of internal-limiting membrane in histopathologic specimens obtained from epiretinal membrane surgery. Ophthalmology.
1990;97:1549-52.
28. Uemura A, Kanda S, Sakamoto Y, Kita H. Visual field defects after
uneventful vitrectomy for epiretinal membrane with indocyanine
green-assisted internal limiting membrane peeling. Am J. ophthalmol. 2003;136:252-7.

